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Abstract

The study develops insight on how architecture matezéliin sustainable accommodations may
afford environmentally sustainable occupant behaviours which if not supported may significantly
contribute to the environmental impact and greenhouse gas emissminsustainable buildings
and potentially hinder the aatribution of architecture to climate change mitigatiofihe goal is to
address the knowledge gap and feed information back to architecture on ways to better support
sustainable occupant behaviours gystainable accommodation design.

Knowledge is built p adopting the Theory of Affordances as embraced by design through the
concept of Perceived Affordances suggesting that sustainable occupant behaviours may be
afforded by the sustainable accommodatiorwhen occupariperceived affordances match
architectdeggned affordances. Perceivaedfordances are exploredualitativelyvia 20, face to

face, indepth, semistructured interviewsand quantitativelyvia a survey with 222 respondents,
performed with ocapants of BREEAM certified accommodasiacrossfour UK sites Designed
affordances are explored via face to facedapth, semistructured interviews with the architects

of the same accommodation§he match between the designed and perceived affordarme
identified by analytically comparing the resulté the occupantstudieswith the results of the
architectstudies

The overall results reveal that there are gaps and overlaps in how occupants perceive the
sustainable accommodation affords sustairallehaviour and how architects intend to afford
those bdiaviours via their designs. More specifically, occupants report more sustainable
behaviours afforded by the sustainable accommodations when their needs are perceived to be
supported by the design feates. As far as design professionals are concerneditecthreveal
considering and intendingo support occupant needs and behaviours via their designs.
Nevertheless, while certain needs are conceptualized by architects in manners that cover
occupantexpressed needs and their integration in design may prersistainable occupant
behaviours, othey SSR& INB YAadaiy3a FNRBY | NOKAGSOGaAQ
affording related sustainable occupant behaviours.

The principal contribution of the study to research knowledge is the revelation tHaeurally
sustainable design is alsceed supportive design while highlighting the architectural best
practices and pitfalls to promoting sustainable use by design. An additional, methodological
contribution is embodied by the newly developdebatureNeead-Behaviour (FNB)table that
allows captiring and more importantly comparing occupant perceptions with architect intentions
and facilitates the research of sustainable behaviour affordances of sustainable buildings. For
architectural practice, the thesig@poses adopting the FNB framework asifiormative thinking
pattern during design of sustainable accommodations in order to facilitate catering for
behavioural sustainability.

Future research is proposed to extend the scope of studied occupant behadiodrdevelop a
sample fit for generaling the finding for the UK. Additionally, it is recommended that testing the
results of the present study via quasiperiments may confirm causality between needs
supportive character of design and sustainable oesupbehaviour, opening the way for
recoqrizing the sustainability benefits of needs supportive design in policy, regulations, and
prevalent sustainable certification systems.
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1. Introduction

1.1.Background

1.1.1Climate change
On 12 December@5, the leaders of the world unanimously agreed in$dhat climate change
is of human origimndhuman behaviour needs to change to avgldbal warmingf a magnitude
that may potentially be catatrophic to humanity. The main vehicle identified wag reduction
of greenhouse gas emission from fossélfintensive human activity which is steadily increasing
global average temperatures on Earth. Policies aiming to reducd foskuse, or technlogical
changesthat move towards renewable energy sagis are some of the tedown instruments
that are expeted to get humanity closer to the goals of the Paris Agreement. This however needs
to be met by a bottorrup wave of individully performed behaviars and actions that are more

environmentally aware anthus more sustainable.

In the UK, the need for matng policy and technology with individual behaviour is underlined by
the phenomenon that although recent technological adwesyroject a reductio in energy use,
paradoxically domestic energy consurngot remains relatively unchanged or may even increase.
For instance, in the first quarter of 2015 the UK energy consumptions was 6% higher than in the
same period of 2014 with donséic energy consumpiin component jumping almost 11¥DECC,
2015b) One posible explanation for this paradox is that the energuisgs, expected to be
delivered by new, less energy heavy technologies are overridden by the increased usage of new
devices,counterbalancing theinitially expected savingDECC, 2015aJherefore, in order to
ensue increasing resource usage is not denying gains froost technological advances,
understanding and supporting more sustainable behaviour is becoming a pressin(Ctzoké,

2013; Hoffman & Henn, 2008; Leaman & Bordass, 2001)

1.1.2Sustainable buildings
One major area of focum mitigating climate changesi the building industry and the resulting
building stockwhich are responsible for around 39% of greenhouse gas emissioigydrisn
energy consumptio(GABC, 2018) In the UK, bildings are responsible fabout 34%of total
greenhouse gasmissions and therefore significantly contribute to climate chafi@@mmittee on
Climate Change, 2015\ rchitecture has already madertsiderable effortand progressowards
reducing the emissions of new constructions anawering their resource andenergy

consumption, with sustainable buildings beirge tmost tangible manifestation.
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It is difficult to clearly define what exactly a sustainable building is, but the commocdytad
definitions refer to buildings that are gironment and resource coigerate both in structure and

in processthroughout the building life cycldBerardi, 2013)Although the definitios provide
some hints on the characteristics of a sustainablélding, do not clarify how substantial
sustairability consideration must &, where a sustainable building might start and weagctly
defines whether a building is legitimate to be called sustainable or not. To tackle this issue,
sustainable buildingare often assessed based on various internatiotesign standardgshe UK
Bulding Research Establishment and Environmental Asseist Method (www.breeam.con ¢
hereafter abbreviated as BREEAM the US Leadership in n&gy Efficient Design
(https://Inew.usgbc.org/leedl ¢ hereafter abbreviated as LEEDy the German Passivhouse
standard (http://www.passivhaustrust.org.uk/, to name but a few. These benchmarks mainly
stipulate echnological parameters tde achieved for the building to beonsideredsustinable,
corresponding to the tojlown approach, whd the bottomup approach of supporting and
promoting sustainable occupant behaviour seems to be missing from the designemeats of

these coveted cdifications.

However, just as in the case of saiebble technologies mentioned above, technologically
sustainable buildings do not deliver consistently the expected environoemsiderate
performance. In the UK, empirical siadindicate that there i®ften a gap between the designed,
expected and relaactual performance of the building also called theilding performance gap
(Leaman & Boraks, 2001)which was found to be sometimes as high as 400¢%4he expected
performance (Gupta & Gregg, 2®), and maybe due to various factorswith recent studies
attributing up to 80% of theap to human behavioufvan Dronkelaar et al. 2016 This meas
that the architecture of sustainably certified buildings may be failingatribute to the global

effort of climate change migation, due to occupant behaviour and building interactions

The findings underlining the prevalent underperfance of sust@able buildings further
underpin the previouslymentioned proposalof complenenting top down, technological
approaches with bottmm up, behaviowfocused approaches andighlight its relevace in the
context of sustainable buildings as wdlhe idea is wiephrased by Williams & Dair insisting that
besides technicahnd material sustainability, the buildings also need to deliver beloural
sustainability(Williams & Dair, 200p achieve a truly sustainable staterom the perspective of
architecture, this means that it is not enough to design sustainable buildings which are equipped
with sustainable technologies, but it is also@al to ensurehiat the building, and its features and

incorporated technologies arused in a sustainable, environmentalfynsideratevay.
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1.1.3Supporting sustainable behaviour by architectural design
Architecture has been credited with the ability to shapealth and safetyelated behaviourto
influence academic angrofessional performance, to promote socially desirable behaviour,
facilitate wayfinding oeven toreduce crimg/Augustinet al., 2009; Crowe, 2000; Kleedw&l17;
Kopec, 2012; Sternberg, 2009; Ulrich, 19B4% ¢ Aff 0S ONARSTFt & aK2gy
chapter When it comes to sustainable behaviours, recetidses theorise that sustainable
buildings and the way the physical elements and features are designed and integratedtigthin
building may have a significant influence on occupants environmentalgvantbehavious and
building interactions(Delzendehet al> HAMT T  GudayNAOBH Thisg suggests that
architecture might be in a privileged position to alsppart sustainable occupant behaviours and
building interactions by sustainable buildings. However, empirical investigations are scarce on
how architectue materiaized as sustainable buildingsay actually shape sustainable occupant

behaviour.

The presentinvestigation comes to address this knowledge gap. In its quest to generate
knowledge it embracesthe concept of Perceived Affordare@Norman, 2002adopted from one

of the most seminal theories of Perceptual psychology, the Theory of Affordé@deson, 1977)

The concept oPerceivedAffordance suggests that an artefact is used in the desigmended

way if the perceived affordare, namely the actionperceived by the user to be possible on an
object or what is the right way of using it for a user, is synchronised with the designed affordance,
which is the way the object was intended by the designer to be used and interactednvitie
context of susainable buildings, this means that sustainable buildings may be used in an intended
sustainable way, when the occupant perceived sustainable behaviour affordance meets the
designed affordance intended by the architects. Howeveryédhig little literature on how the
designed affordances match the perceived affordances in sustainable buildings, or even on how
occupant perceive the affordances and how architects intend to afford sustainable occupant
behaviours. Therefore, the presentusly investigates how # architecture materialized as
sustainable buildings shape environmentally sustainable occupant behaviours by building insight
on perceived and designed affordances in sustainable buildings and juxtaposing these two sets of

affordanes.

1.2.Aimand objectives

The aim of the study is to increase understandthgough the lenses of occupants and of
architects onhow the architecture ofsustainable buildingsnay shapesustainable occupant

behaviours and building interactionghe goalbeyondaddressing the gap iknowledge, ito feed
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information back to architecture and to aid the architecture of sustainable buildings to better
contribute to the global effort of reducing climate change by delivering not just technologically

but also behaviorally sustainable buiidgs.
The objectives supporting the aim are:

G2 dzyRSNBGFIYR 200dzLd yiaQ LISNDOSLIiA2ya 2F ot @a
sustainable student accommodations afford environmentally sustainable behaviours and
building inteactions;

1 to SELX 2NB | NDKAGSOGaQ AyidSyidazya 2y SylotAay3

occupant behaviours by design;

f G2 NBOSItf 20SNI LA FyR 3IFLA 0SGsSSy 200dzld yiaQ LIS

9 to identify opportunities architecture add harnessto better promote environmentally
supportive occupant behaviours and occup#nilding interactions in sustainable student

accommodations;

1.3.Focus

The focus of the research is on sustaiyatertified universitystudent accommodationsA major
argument for this choice is thasustainable student accommodationscan be considered
homogenous environmentsince thesebuilding blocksonsistof living unitsof similarsize, layout,
interior design and equipmentlustainability certificatios such as LEED or BREBEAdWing
become mainstream relatively recently, pa00(pg 10. BRE Global Ltd, 2014; Tufts, 2)¥dso
meansthese buildingsre likely to beall recently builtalong similar design programs in terms of
sustainability goals. The palation of student accommodationscan also be consided fairly
homogerous since the residents are students who Bkely similar in terms of ageranging from
late teens to early twentiesandin similarlife situation of moving ta newhome, with a similar
academic prograrrcerired lifestyle Theaforementioned aspectseducethe number of potential
confounding variables thaither sustainableresidentialenvironmentsmay hide since the latter
may show vitually limitlessvariationsin terms of design, ige, layouts and equipmenand may

haveresidentsof any age all witldifferent lifestyles

Additionally, there are convincing theoretical and empirical findingsiggesting these buildng

types due to the life stage and life transitions of theénhabitants, have a high potential to
promote sustainable behaviours. The occupants being in a stage of yourtgamtlhave less
ingrained habitual behaviours, are more opéa learning new bbaviours and are more

interested in sustainability tharindividuals in other life $ages (Arnett, 2015; Garabuau
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Moussaoui, 2009)Furthermore,university studentsalso undergoresidential relocation when
moving into the accommodations which has been suggested to facilitateupiteke of new
sushinable behaviourgVerplankenet al., 2008) Finally, studergt are in a stage when thei
identity undergoes significantchanges (Arnett, 2015) identity which if integrates pro
environmental values may sustapro-environmental behaviour for the duration of adulthood,
with someresilience towards thealisruptive effects of future relocation§Thomas, Poortinga, &
Sautkina, 2016)

Moreover, student accommodationsare in focus imce these buildingdave the potential to
function as a teaching tool or learniteporatory for the adults of tomorrowSustainable student
accommodations could be conceptualized as lived in visuals which communicate sustainable
messages and guide sustable attitudes and behaviour§Wu, 2016) Students residing in
sustainable accommodations might adopt sustainable behaviours and sustainable ways to interact
with the bulding and eventually take those behaviours with them when they moviaea new

homes. In this sense & behaviours learned ithe sustainable student accommodations could

have a spill over effect arttierefore could be spread to other accommodatsaswell.

Finally, with purpos#uilt university accommodations currently housing about 600,000 students

in the UK, and about 20,00new bed spaces being developed each year to increasing standards
(Cushman & Wakefield, 2017; TaylorWessing, 20&Bsuring new developmentare well
designed to enable and promote sustainable use is also a strong compelling argument for focusing

on this building type.

These conditions togethesuggesthat enabling angromoting sustainableccupantbehaviours
by the architecture of sustaindb studentaccommodationsn the short and long term may be
highly effective,and significantly advareefforts to mitigate émate change, hence placing this

building type and its population in the focus of the present study.

1.4.Structure of the thesis
In the dintroductioreé chapter, Chapter 1, the thesis provides background information for the
study, along with the aimobjectivesand focus of the thesidlith the dLiterature revievg from
Chapter 2the thesis details what is the state of knowledge onways the architecture of
sustainable buildingsnay shape environmentally significant occupamthaviours To do so, it
visitsarchitectural philosophy, empirical findings frdsailding sciences, theoretical and empirical
findings fromsocial sciences andesign The chapter concludes with the identifiedpgain the

literature and outlines the ensuing research questions to tackle those gaps. Chapmteerall
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oResearch Methodologybriefly presents the three empirical studies and illustrates how those
studies taether answer the research questionsThe seleted sustainable student
accommodations and their characteristics are disefly presented.Chapters 4, 5, and 6 present
the three empirical studieghe éOccupantinterview Study, the dOccupantSurvey Studyand the
OArchitect Interview Study Each chpter - 4,5,6 - outlines the aim of the respective study
followed by the methodology, the results and the conabasi Chapter 7the dComparative
Analysis an@®ynthesié chapter, analyses the results of the ¢er studies together in the following
way. Firs occupant perspectives form th@ccupantinterview Study and architect perspectives
from the Architect Interview Study are compared on how the physical environment of sustainable
accommodations affords envirormentally sustainable occupant behaviours andilding
interactions. The findings are then weighed against the quantitative results ofOtmipant
Survey Studyallowing the identification of opportunities for architecturgvhere it maybetter
support occupnt sustainable behaviours in the sustainastedent accommodations. Finalle
oDiscussion and Conclusiorchapter, Chapter 8 presents the key findings, followed by a
discussion on how the research questions have been answered and how that conttiubes
scientific kmwledge to methodology of future studies, as well asahitectural practice. This is
followed by the identification oftrengths and limitations of the study aral recommendations

for future work. Thehesisends with concluding rearks.
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2. Literature reviav

2.1.Introduction

This chapter will show based on the visited literature hawhitecturemight have agency over
many aspects of human life and may shape various behaviours. However, when it comes to
sustainable occupant behavioursetie is limited literature o how architecture may support and
promote sustainable occupant behaviour and occupamitding interactions. This is of major
concern since in the universal efforts to curb climate change, architecture may be missing out on
a sgnificant leverage to redwec the environmental impact of buildings via well supported
sustainable occupant behaviours. Even more so that the most sustainable buildings incorporating
sustainable technologies were found to often fall short of expectationgetims of resource

consumpton partly due to occupant behaviour.

Given the lack of literature on how architecture might support sustainable occupant behaviour,
this review integrates empirical studies from various fields, that may be telling of theoredaip

of the sustainable bildings and the sustainable behaviour of their occupants. In this context,
empirical studies focusing on performance assessments of sustainable buildings will be visited
together with studies that employ sociatiencebasedperspectives of environmentailrelevant

behaviour in sustainable buildings.

However, the abovenentioned empirical studies provide contradictory results and therefore
push the present review towards exploring those strategies developed by the discipliesigh,

akin to the disciphe of architecture, that are concerned with understanding and shaping user
behaviour. It is shown that while some of the behavifarused design strategies could be useful

for architecture, these do not necessarily provide #weswers the present thesis looking for

since design discipline is mainly concerned with artefact and artefact use rather than building and
building use. Nevertheless, it provides this thesis with a valuable approach to better

understanding user behaviolby relying on social seiee theories.

It will be shown how social sciences provide a kiscbwledge base menvironmentally significant
occupant behaviours while highlighting theories that may inform design and architecture. Since
design and architecte shape the physical, bugénvironment, the section explores those theories
applicable to environmentally significant behaviour that address the role of the physical
environment in sustainable behaviour. The section highlights based on visited theibaes,
environmentally optim&or suboptimal occupant behaviour may be seen as the result of a match

or mismatch between designer intentions and understanding of future building use on one side,
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and actual occupant experience and building use on the othieny that resonates with th
designspecific concepts of Perceived Affordances. Finally, the lack of simultaneous empirical
investigations of occupant experience and sustainable behaviour, and architect intemdion

support or promote the same, calls inéffect the present study.

2.2.Architecture, wellbeing and behaviour
Architecturefrom its very beginning offereds shelter and protection. However, architecture can
and shouldgo beyond its utilitarian functionAs Zaha Hadid is generally attributed withisgy
GArchitecture is reafl about wello SAy 3@ L GKAY ]l GKFG LIS2LX S gl yid G2 7
2yS KFEYyR A0Qa | 02dzi &KSft ThémirosdedsisSarahiRaEnson and 2 | 0 2 dzii L.
the architectWdzK | yA t I € £ &Yl | Itifgst @0 nét dedralyS gravil phySicali & . dzA
AKStUSNX LY FTRRAGAZ2Y (2 K2dzZAAy3d 2dzNJ FNIF IAES 062RASSE
YSY2NR Saz RS aA(RdBiason&PRIlasRaBA0G e phélosopher Alain de Botton
Ay KA& AO2y A0 0221 3 Satik Sted NERBdGASasDtie dNdturg aft | | LILIA
critigue John Ruskin that architecture is expected to do two things: to shelter us and to speak to
us, before suggesting that architecture has the potainind should communicate human values
and belefs which hold great significance but which often got forgotten. In the view d@atton,
architecture has the potential to suggest and to invite for certain ways of life, to suggest how life
should be and torebalance our ofterunbalanced life. Howeverde Botton also argues that
I NOKAGSOGdz2NE aR2Sa y2id ¢g2N)] la GKS flgés AG OFyyzi
ways of doings will be followed by its occupants. Instead it can be imagined asitatian for
certain waysof thinking, feelingand being but it iseventuallyon its occupants whether those
invitations and suggestion will be accepted or rejecleé Botton, 2006) The archict and
designtheorist, Christopher Alexandein his cornerstone boolkgA Pattern Language shares a
similar view on the potential of architecture to suggest and invite ways of living, to reconciliate us
with nature and to enhance life. Neverthelessexdnder goes a step further and also suggests
ways on how the previously mentioned beneficial quedibf architecture could be leveraged by
town planners, architects and interior designeand provides a large collection of researeh

informed design pattms with the intention to be used as best guessd guidance while

designing the built environmerfAlexanderet al, 1977)

2.2.1Architectural determinism
Although the above architects, neuroscientist, philosophers and art critique emphasised the
strong potential ofarchitecturein shaping human thking, feeling or even ways of doing, they

also acknowledgedts limitations and emphasized that architecturéaaild be regarded as
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proposalor a suggestion rather than a deterministic mediudniving human mind and behaviaur

On the other hand, the highly controversial and nowadays mostly discreditdteory of
Architectural Determinism (Broady, 1968)which originally gained ground with the Modernist
architectural movement, posits that the built environment is the sole determinant of behaviour
and that behaviour is simplthe outcome of the built environmenSimonRichards in his book
OArchitect knowsbest (Richards, 2012fomplicates the matter andlifferentiates between
strong and wek determinism While strong determinismefers to making judgment over how
people live their lives and to forming behaviour through design decisions, weak determinism
meansusng architecturemore likea reminder of human valueontinuing the determinigt

train of thoughts, Canter contrasted the active and passive role of the designer, active being the
belief that the designer can directly influence behaviour while pasisiio be thoughtful about

the way people interact with the spa¢€anter, 1974)While the strong, active, more prescriptive
concepts of architectural determinism received wide criticison their authoritarian nature
(Broady, 1966)the weak and passive approach, its gentler concepétsraore widely accepted

and resonate with the stance of previously mentioned architects and thinkers, sasch
Christopher Alexander or Alain deotBn, according to whomarchitecture has mind and
behaviour shaping qualities and potentials, but those potstiare limited leaving the final

decisionmaking and choice to the occupathiemselves

2.2.2Philosophy and theory in the context of sustainability
Putting these ideas in theontex of the present work, the stance of the thesis is that although
architecture via the sustainable accommodations cannot force occupants to act more sustainably
and live a more sustainable lifestyle, it may certainly invite and guide occupantsdadate the
space in a more sustainable, environmentally more protecéind less resource intensive way.
While enhancing human life and experience by leveraging architecture is vastly present in the
works of previously mentioned authors, sustainabjliypressng issue of our time if not of all
times, remains unexplored itheir works. When Alain de Botton was directly posed with the
guestion whether and how sustainability and sustainable behaviours are supported by the real
life architectural projects hevas nvolved with, and how the architecture of those projects
promote sustainable values, de Botton revealed that sustainability and sustainable behaviour is
considered to be an integral part of design via sustainability certificates and innovative and
resourceefficient features integrated in the building. The fact that whecomes to sustainability
de Botton refers to certificates and efficient technologies incorporated in a building is somewhat
surprising considering the valoueminding, behavioumviting and liferebalancing philosophy of

architecture put forward intd 62 NJ @ LayQd AdG GNUz2S GKFG LINRG
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our environmental impact is also some sort of moral value we often forget about in our daily life
and would need to beeminded of by architecture, especially considering the pressing iefue
dzy LNBOSRSY(iSR Sy@ANRBYYSyidlf RSAINIRFIGAZ2Y FyR G(GKS
true that we would need architecture to suggest and invite us for more sustainable,
envionmentally more protective ways of living our life in order to redum& environmental

AYLI OG YR YAGAIIGS OtAYIFGS OKIFIy3aSK !'yR FAylLffex
enhanced if the natural environment is degraded and climate changgtunmitigated? My firm

belief is that the answer for the above ggt®ns is yes. We need architecture, more than ever, to

remind us and to support ug acting more sustainably and using our physical, built environment

in a more environmentally protdiwe, less resource intensive way could baignificant step on

this journey.

Christopher Alexander also emphasises the eminent role architecture has in enhancing our life.
Nevertheless, he steps beyond philosophy and proposes 253 architectural patteathieve

that, often relying on elements of nature, such as accessature, or ensuring sufficient amount

of daylight and indoor sunliglfAlexander et al., 1977He even goes further and applies some of
the proposed patterns in a redife university campus development project, described extezigiv

in his book(Alexanderet al, 2012) While enhancig future occupant lifeby harnessing the
benefits of nature i@ major goal of the project, he also puts forward the idea that the design and
construction of the building should happé&ma manner protective and considerate of the natural
environment, respcting the land, considering the climate and connecting with the local flora and
fauna.However, neither the proposed life enhancing patterns, nor the environmental protective
design ad congruction approach touches on supporting environmentally protestaccupant
behaviour. This omission is of major concern since occupant behaviour may have a significant
detrimental impact on the natural environment which if degraded may lose its aigp#o
enhance or support human life. Therefore, the thesis argues @hehitects may not only need
patterns for enhancing occupant life via natural elements but also patterns that protects the

natural environment by promoting sustainable occupant bebarg and lifestyles.

2.2.3Architectural science and sustainable behaviour
While reviewing architectural literature on how architecture may promote sustainable occupant
behaviour two characteristics become appare@t one side, literature is raively rich in studes
investigating the how architecture may shape various aspettsuman life and behaviour. On
the other sidethere is a scarcity of research on how sustainable architecture may shape

sustainable behaviour. The following sectiondelate this cotrast.

28

A



Architectural influencesn variousaspects of human life

First, the literature showcases a plethora of ways architecture is attributed with shaping
perception, cognition, emotions and behavioAugustin et al., 2009; Goldhagen, 2017;
Kleedwell, 2017; Kopec, 2012; Sussman & Hollander, 20tL%)oes this in arincreasingly
sophistcated mannerwhile touchingupon most aspects of human life frosafety andsecurity
(Crowe, 2000; Kuo & Sullivan, 2001; Newman, 19F8pugh physical and psychological well
being, health and healing (Sternberg, 2009; Ulrich, 1984jo academic and professional
performance (Augustin et al., 2009; Kopec, 201xluding a variety of built environment
typologies starting from the home environment to education facgitendworkplacegKleedwell,
2017) from healthcare facilitiesSternberg, 2008to retail and entertainment amenitiegAugustin

et al., 2009) whileexparding n scale as far abe urban environmen{Lynch, 1960; Whyte, 1980
Alexanderet al, 1977; Gehl, 2009; Jacobs, 1864s such, the literature provides a substantial
body of evidencen howoffice design might enhance professional performarumy the physical
chaacteritics of educatinal facilities might affect academic performance, how the design of
healthcare facilities can promote healing, reduce patients recovery time and the occurrence of
medical errors, or that well design urban environments can lead toeased personal
satisfaction, can generate socially more desirable and responsible behaviour and even boost the

economy of the street.

An impressive amount of researdeems to beavailable on ways architecture may enhance
human life in hospital desigmd its power to faciitate healing, shorten hospital stays and reduce
medicalerrors with studies looking at the relationship of window views of nature and patient
recovery time and use of painkille@Jlrich, 1984) of sunny rooms and amount gain
medication needed by patients recovering from surgery and their release time from hospital
(Augustinet al, 2009) of noise level with patient stress levels and recovery ti{&&rnberg,
2009 and number of staff errorgAugustinet al., 2009) of neonatal unit layouts allowing mother

¢ baby coupling and length of stay for premature babies, rates of illardsneededventilation
assistancgKeedwell, 2017)or difficulty of wayfinding and patient stress anift time spent
directing visitors and patient§Augustinet al, 2009; Keedwell, 2017p name buta few. While
these studies offer promising pointers to architects, questions may still arise regarding the quality
of predictors and how these incorporated together in design may impact human lifealthtare
facilities. For instance it is still unclear what qualities the views of nature should have to help
recovery and how exactly windows helped recovergather it is the light, air flow, sound or

smell of nature, or the rhythms of day and nigi8ternberg, 2009; Ulrich, 19849r how the
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combination of visual, auditive, thermal, air quality or tactile environment may relate to patient

recovery or to medical staff performance.

The literature is also abundant in investigets of the elationsip of office design and
professional performance, suggesting that the layout of the space and its organisation in cubicles,
open plans or private offices may relate to privacy and performance; that noises and noise levels
of various egrees may elate to staff stress, distraction, irritation and productivity; that
personalisation and control over the physical environment may relate to performance and
engagement; that quality of indoor environmental qualities such as lighting, temperatuair
quality ard/or occupant control over these may relate to productivity; that light colour and
interior colour schemes may facilitate relaxation or alertness to various degrees; or that
vegetation in offices may relate to working memory to mentijust a narrav subset of
knowledge available to office architects and interior desigrn@usgustinet al, 2009; Keedwell,
2017; Kopec, 2012)This might be reflectethy cae studies of informad office designs where
companies moving into the wellesigned offices found a significant improvement in key
measures such as job control, collaboration, and time and cost of business prooebs@sb SA f t =
2007 in Hamilton & Watkis, 20Q9)

For educational facilities, it is generaligcepted that noise lals, lightingquality, indoor air
quality and themal comfort may be related to sttt performance; and was also found that in
schools with ventilations systemgsing nonrrecycled air student working memory seemed
improved as compared to that of studerft®m recycledair ventilation school¢BakéBir6 et al.,
2012 in Keedwell, 2017}hat visualy cluttered environmets may be distracting for student
(Barrett et al., 2015)that views of the exterioand natural light may facilitate students learning
but may also distract #taim when the outside is animated or whematural light causes glare
(Hamilton & Watkins, 2009)It was also found that moderate classroom density of-2.:B
sgm/student may be ideal for learnir{@iford, 2011) Others reprt that students learn better,
hawe better test results and teachers take fewer sick days off in gestools(Kats, 2006n
Augustinet al, 2009 however it is not investigated how green buildings achieve this outcome.
Recent large sample based studies report that in British gmmschools learningrogress is
significantly related to the physical charaastics of the classroom such as lightnigerature and

air quality, but also to individualisation measures and stimulation measures incorporating
complexity and colour, all acanting for 16% in variation in overall progress over a year, and that
the oveall school characteristics outside the s$aoom may be of lesser importan(®arrett et

al., 2015) Howeve, despite the multitude of school environment studies that may inform school
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architects, conoisseurs of the research field tend to agrthat conclusions are equivocal and
that there is no systematic evidendmsed guidance available for good school gle¢Davies et
al., 2013; Hamilton & Watkins, 2009)

At urban design scale, available knowledge encompasses multiple aspects of how the design
elements of a city relate tbuman wellbeing, street use, social interactions, or even crime levels.
When lookng at the street as an urban design elemeit is generally accepted that a
conglomerate of design features such as the width and length, the visibility and densitwis,all
its cleanliness and human scale, the complexity, variability and aestheticsldihgs, the ground
floor design of thebuildings as seen by pedestriaaisd occupants alikeandthe layout favouring
cars, bicycleor pedestrians likely relate to howpeople use the street, how fast they walk,
whether they spend time on the streeihteract with each other and use it amzeeting place or
not (Gehl, 2009; Keedwell, 2017; Sussman & Hollander, 20A&hough it is not clear to what
extent these components individually or togethpredict ways of using the streets, many of the
findings feel instinctigly valid and are enforced by successfases of city transformations into

more walkable and liveable environmer{tsehl, 2009)

The square, another central topic of urbdesign, and its design characteristics are also accepted
to relate to wayspeople usethe square William H. Whytg1980 observes that people osmall
squares of New Yortend to avoid shadows and stamth the sunnyareas while also being
attracted to water features and facilities offering refreshmgrand prefer mobile urban furniture
instead of fixed. Gehl (2009) defines 12 quality criteria a square design should adhere to in order
to attract visitors and accommodater @ven generate a wide range of activities such as walking,
sitting, talking, orselfexpressionAs a rule of thumbit is also proposed that squares should not
exceed 100 x 100 m in size in order to allow visitors good overview and stay within what visua
senses can still encompass. Additionally, the design of squares and positibaimgnities on the
square may als®@ 2 Yy aA RSNJ LIS2 L) SQa S@2f dziA2yl NBE GSYyRSy
square along the edgeg phenomenon potentially explained éb thigmotaxif2(Sussman &

Hollander, 2015)and restor sit along the edges of a square.

While streets,squares and buildirgjalso appeain Kevin[ & y OK Q &s instan@edo] W LI Qi K &
Yy 28RS QF YR WSR3ISEAQ NBaLSOGA@YStes KS |RRa (g2
promoting successful wayfindirig the city (Lynch, 1960)One of tlese elementd NIBndriarks)

which are defined agasily identifiable physicdeatures offering a point ofeference for city
dwellers or visitors. The othér & i K S wHi¢R isdasiriidd @diaQelatively sizealplart of the

city, with authentic and distinguishable characteristicsAt the neighbourhood scale, it is
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suggested that residents have a preferencedasyto follow grid structuresvhich are peceived

more walkable and generate movealking behaviou(Gallimore et al, 2011)

At the city scale, it is suggested that wedisigied andcompact cities magway the choice of

residence towards city centres and divert from choosing suburbs as home, likely decreasing car

use and prompting more walking behaviouiKeedwell, 2017 2 KAf S GKS WwWO2YLJ OG OAdG @
rather fluid, it can be thoughtfoas a city where residents can reach any service and amenity they

might need for mundane Ef within a reasonable time, i.e. ten minutes, by foot, which is

O2YYZ2yfé NBFSNNBR (G2 la Wl tl1aKSRQ tAFS Ay OAdGe LI

Finally, safety and security concernsuiban environments have also generated ample research

NEBadzZ GAy3 Ay aSYAYWE S FoRYNH A0 € SA [{SLI OSHY IH/YNR YS LINB DSy (
RSaA3IYyQ OomMpTo0SE HKSNB Ad Aad RA2O0dzaaSR K2g RSardy
Territoriality (gaes, walls, hedges, fences), Surveillance (street lighting, windows and doors,

public benchesplaygrounds, lack of spaces that allow concealment) and Symbolic barriers

(personal objects, picnic tables) in the urban environment may be employed to redubstesr

criminal behaviour such as burglary. Latter empirical research questioned but evegntuall

confirmed most of the criminal behaviour reducing design concepts laid down by Ne{@ramn

& Altman, 1983; Poyner, 1983)

Architectural influence on sustainable behaviour

The secondmajor finding of the review of research available on the relationship of arditee

andoccupant weHbeing and behaviouit that there is surprisingly little literature on purpetully

supporting and promoting sustainable occupant behaviour by architectlegsign Even when

focusing on the architecture of sustainable buildingdjioch ae meant and claim to serve

sustainability aii KS KA 3IKSad Ll2aairof S alyS@hibable iGwodzkhng § 4 Q Sy OA N
how that could be supported by architectural design is largely unexplored and neglected in the

literature.

The fact thatthis aea is so overlooked is equally surprising aficconcern for several reasons.

One is that occugnt behaviour has been found to be a substantial part of building overall

resource consumption and if not known how to adequately support it by degigouldlead to

lower than expected building performang®elzendehet al. 2017) This in turnmay negatively

affect the reputation of sustainable buildings by not meeting expectations while also puts a toll on

I NOKAGSOGQa NB LIz G A 2 yn deliydRing ljhdz8pettéd 2eguits. Howevdr,NJ ONB RA 0 A

the fundamentaldamage the unsupported sustainable occupant behaviours and unsustainable
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building use can cause is the excessive, sometimes profligate use of environmental resources,
such as energy and water, bualso other types of environmental impact, such as

disproportionately high refuse waste and low recycling to name but a few.

Considering the universal battle for mitigating climate change by reducing the environmental
impact and by moderating resource @umption, and the important role architecture, especially
sustainable architecture plays in that, the question arises: if the architecture of sustainable
buildings cannotise to the challenge to moderate resource consumption and to reduce the
environmenel impact, how can that be expected from the design of more conventional
buildings? Knowing that buildings contribute to almost half of overall CO2 emission and 40% of
resource consumptiofGABC, 2018urther enforces the conviction that architecture, especially

of sustainable buildings, should own the responsibility to reduce environmental impact and play

its part in mitigating climate change.

Architecture and architects already aim to support sustainabityy relying on sustainable
elements such as low carbon materjasstainable technologies, and sustainable strategies such
as site selection, building orientation, sustainable transportation of the construction materials,
sustainable construction methodsa sustainable building decommissioning and material reuse
strategies. Nevertheless, often sustainable buildings are only sustainable in terms of design and
technology while the way the building, its integrated features and technologies are used after
despn and constructiorare completed, equally important to ensure the sustainable functioning

of the building and the expected building performance, is not well supported.

The reason behind the lack of support or adequate support for sustainable behavialdr

that while the technologicalsolutions are widely present in the literaturgchitects can use
during designsustainable occupant behaviour is less so and therefore may be considered in a
more implicit manner during design. The architect may malssumptions on occupant
behaviours or may use predictive models that forecast energy use of the building based on
predefined patterns, but rarely have literature aiding design in suppodimfainable occupant
behaviour. Hence, it would be unreasonableetgect the field of architecture and architects to
excel at mastering the nature of environmentally significant behaviour and ways to support it by

the design of sustainable buildings without the appropriate knowledge sources.

This makes even more senséenm considering the significantly accruing knowledge architecture
can rely on in other topics such as promoting healing by the design of healthcare facilities,

increasing productivity and performance via design of the office buildings, or facilitatingnigar
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and student welbeing in educational buildings. In these fields, architects might rely on the
evidencebased rules of thumifHamilton & Watkins, 2009; Nussbaumer, 2089h as providing

a window with a view to nature could promote healing and reduce length of hospita(dtegh,
1984) or that high ceilings might promote creative thinkindpile low ceilings might be more
beneficial for focused and analytictinking also called cathedral effe¢tidwellet al, 2010;
MeyersLevy & Zhu, 2007 pr that efficient noise insula@n may help students concentrate and
moderate fatigue (Persingeret al, 1999; Ronsse & Wang, 2010; Turunen et al., 2014)
Nevertheless, when it comes to how sustainaliiehavious could be promoted by the
architectural design of sustainablbuildings, the literature is scarce. Thus, architecture and
architects, even if they wish to promote more sustainable occupant behes/itave no adequate

knowledge base they could access.

Asa first step to fill that gapthis review will explore curmg knowledge of how the sustainable
buildings, as the outcome, the end product of sustainable architecture measures up to the
challenge of hosting sustainable occupdmthaviour. As such, it wilinvestigate empirical
literature from Building sciences ar@bcial sciences concerned with sustainable behaviour in the

context of sustainable buildings.

2.3.Sustainable buildings and occupant behaviour
Sustainable buildings have, in theoretical terms, ¢tass benefits and may have tip@tential to
generate positiveimpact on the environment and on human life. Nevertheless, occupant
behaviour and the way it is used plays a crucial role in whether the buildings designed with
sustainability in mind will deler the expected sustainabilityutcomes andmeet their intendkd
objectives(Day & Gunderson, 2015; Zuo & Zhao, 20E4En the mostechnologically sustinable
buildings may generate less than optimanvironmental and energyerformance outomes
(Asmar & Tion, 2015)and may have a detrimental Y LJ OG 2y AYKI 0A Gl ¢fd 4 Q
comfort if usal in an inappropriate and uniehded way For instance, a heating system may be
used in a way that overheats a space, leading to energy overuse, occugamaihdiscomfort
and diminished work performancéanet al, 2011)and related to increased breathlessness

(Chatzidiakowet al., 2013) Therefore, as Day dnGunderson put it when refeng to Brown

GLI 4aMAY RINI 683284 NBI dzA NB (Dadd Gdhéersad, OIBLI v {

meaning that occupants need to operate the systems effectively in order for the systems to
function eficiently. That is, besides techniaad material sustainability, thebuildings also nes

to deliver behaviourakustainabilityWilliams & Dair2007)to achieve a truly sustainable state.
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In building sciencea considerable research focus is allocated to the study @ bhilding
performance gap(Asmar & Tilton, 2015; Leaman & Bordass, 200&fined as the difference
between designed and actual resourcgeuwhich inthe case of sustainable buildings was found

to occasionally result in 400% higher CO2 emissions than prediGigota & Gregg, 2016 The

field considerghat occupant actions often play a substantial part in the performaga@o h Q. NA S\
& Gunay, 2014and attribute 10%80% of the gap to ifvan Dronkelaaet al, 2016) Kathryn B.
Jandain KSNJ LJ LISNJ d&. dzA f RAYy 34 R@aida,i201dpsS arghigs SheH & Y
occupant behaviour is a key component of building energy use and suggests that between 50% to
25% of difference in use can be attributed to occupants behaviour rather than technical
characteristics of theasidences whe difference in us may present large variations up to 300%.
CKAA A& Ay fAYS gAlGK 2 («ffichicyabérdaRolirs sccomesyoe BaR A Y
and 11% of the variance in heat, electricity, and water consumption, respectivelyeen

dwelf A y(8ilaet al, 2010) Finally, there are alsstudiesthat go as far as suggesting that
behaviour and lifestyle is more importarin achieving the intended, sustainable building
performance outcomeshan the sustainable technologptegratedin the bulding (Pilkingtonet

al, 2011)

While the discipline heavily researches ihgact of occupant behaviours on sustainable building
energy performance, the reverse of this relationship, namely how and in what ways the
sustainable buildings might shape environmentally relevant behaviour has received scant
attention (Azizi & Wilkinson, 2015; Wu, 20163-9). However filling the knowledge gap is
becoming pressin@/NVu et al, 2017)especidly since it is theorisié that occupants often interact

with their built environment to establish or to restore their comfort and the external factors, such
as the building and its features, might have an influence on how those interactions@dBgkn

& Gunay, 2014) @mprehensive reviews further speculate that occupant behaviour may be
influenced invarious ways by the architecture of the building and its interior characteristics. For
instanceWu et al.(2017) suggest that sustainableildingsmay act as communicatiochannels

of sustainability, whileDelzendeh et al(2017) propose the aestheticshe composition of the
interior space, circulation or even colours or materials may sway sustainable behaviour. Finally,
h Q. NA Sy ayl(20R) cdddamye thatthe availability, accessibility, and complexity the
building systems may be telling of how occupants adapt to their environments or adapt the
environment to themselves in an effort to achieve their comfort. Nevertheless, the potential
eff SOU adzadlAylFIofS odzAf RAYyIa Ysladd behdvidSis largely 2 OO

unexplored and empirically undocumentédelzendeh et al., 2017)
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There are a handful of empirical studies that investigate whethestainable buildings support
sustainable behaviours. However, the conclusion of these studies is equivocal due to
contradictory results: some findings sw#gg that sustainable buildingare in fact conduciveof
sustainable occupant behaviours and practices, while other findings suggest that sustainable
buildings do not necessarily lead to more environmentally and energy friendly ways of doing, as

detailed inthe upcoming sections.

2.3.1Sustainable buildings as settings of sustainable behaviours
On one side, it is suggested that sustainably designed buildings facilitate sustainable occupant
behaviours and that occupants in these environments adopt and exhibit rsestinable
behaviours and practices compared witiccupants of more conventional buildings. V&u al.
(2013) investigated whether simply being in a sustainably designed buildli@its more
sustainable occupant behaviours. The observational study compared waste separation habits in a
sustainably designed university research centre and a conventional uibjvstadent union
building, both having similar waste management facsitiehe results revealed that occupants of
sustainable buildings were significantly more likely to exhibit better, more correct waste
separation practices than occupants of the momentional building. Furthermore, the study
found that the occupants oftie sustainable building rated themselves higher on environmental
consciousness than the occupants from the conventional building. The researchers explained their
finding with thetheory of Embodied Cognitio(Wilson, 2002)which postulates that cognition is
situated and therefore perception and behaviour are stipg the realworld context, therefore
being in a sustainable Hding elicits sustainable feelings aadtions(Wu et al.,2013) Although
Wu and colleagues supported théiypothesis that context, in this case the sustainable building
elicits environmentally supportive featis and behavioursthe researchers acknowledgeahat

the exact features of the building faciliiag the sustainable behaviour remained unexplored.

Similarly, Clarke in his doctoral thesis also suggests that sustainable buildings do promote
sustainable #itudes and behaviourgClarke, 2013)The results of the observations, interviews

and survgs performed in five case studies each focusing on a sustainable building, revealed that
buildings with hjjh sustainability commitment may act as incubators and learning environments
for adopting environmentally sustainable attitudes and behaviours. AltgbuClarke, similarly to

Wu et al. 2013) argued that sustainable buildings are supportiveso$tainab¢ attitudes and
behaviairs, the components or features of the physical environment that contribute to those

behaviours and the mechanism how this contribution comes into effectaneed unexplored.
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Khasheet al. (2015)looked at how awareness about the sustainability peo@if a building might
shape artificial light use and recyclinbheir experimental study was performed via immersive
virtual environments with university students randomly assigriedan experimentalgroup -

aware of the high sustainability of the buildinand a control groupunaware of the sustainability
profile of the building. Participants were asked to execute certain tasks involving light use and
recycling. The study foundhat participants fron the experimental group showed more
environmentally frendly light use and recycling behaviours when compared to participants from
the control group. Therefore, ivas suggested that awareness on the sustainability branding of
the building might promote rore sustainable light use and recycling practices. Hfewurhore, a
follow-up questionnaire examined whether demographic variables, together with environmental
1y26f SRAST @l tdzSa 2NJ [ GUGAGAZRSE Y as8 Endl redyglifgt dzS
behaviours. The results revealed no link between participii 8 Q RSY2 3INI LKA O OK
as age, gender or education and gFovironmental behaviour. Nevertheless, environmental
values and views were found to have had signifieffect on the influece of LEED branding on
200dzLd vy &aQ OKdghtiueSaad rétilmhdg. NaRHowgHE thef ekperiment supported that
knowledge on the sustainability profile of the building promotes more sustainable behaviours, the
fact that the studywas conducted in aitual environment and not in a realorld context addgo

its limitations and identifies the need for further research on this highly relevant topic in a real

world environment.

Berry et al(2014)shows that home owners moving to sustainable, zero energy homes think their
heating behaviour has been positively influenced by the sustéénlabilding and itsystems and

their thermal comfort has been significaptlimproved. Furthermore, measurement data of
thermal comfort energy use confirmed the sustainable homes used less energy than nearby more
conventional housing developments, suppodithe selreported positive shift on behaviour.
Although the study suggesthat moving into a sustainable home promotes sustainable heating
practices, which and how the elements of the building led occupants to uptake more sustainable
behaviours remainsinexplored in thistudy. Additionally, it was also not made clear in thieidy
whether the lower energy consumption could be attributed solely to positive occupant

behaviours or to technological components as well.

Williams et al.(2010)also found based on a sy performed with ocupants of 13 Ulkased
mainly residential sustainableubdings that home based energy and water use behaviours were
significantly more sustainable than the national UK average according to DEFRA survey, and

concluded that sustainableeighbourhoodscale developments may be positively influencing
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environmentdly significant occupant behaviours and practices. What is unique about this study
compared to the previously mentioned empirical investigations is that Wiliams and her
colleaguesare more explicit ad provide more granular data on which feature of theilbu
environment is related to which behaviour. For instance, significant relationships were found
between energy use and controllable, energy efficient heating systems as wellcessiate
windows albwing passive ventilation, while greywater and rainwatecycling systems and dual

flush toilets were found to be significantly associated with using less water in the homes.

2.3.20ccupant behaviour independent of building sustainability
In opposition to theearlier presented empirical studies there are some egsh findings
suggesting that sustainable buildings do not necessarily result in sustainable occupant attitudes

and behaviours.

Williams and her team in the previously mentioneddyt where they foungositive energy and
water use behaviours in sustainabhomes, also show thahe same occupants report poorer
recycling, composting and travel mode choice behaviours than the UK national avdespie
available recycling facilitiend pedestriarfriendly routes to reach public transpoitheir findings
suggest that while the built environment might have the potential to support certain
environmentally relevant behaviours, other environmentally relevant behaviours might fall out
from its range of inflance (Williams et al., 2010) Howeve, the results may lao be interpreted

as an indication that while some feemes of the sustainable built environment were designed in a
way that supported sustainable use, other features and their design, such as recycling facilities,

were less supportivef recycling practies.

Further studies relying on sakéported data alssuggest that the sustainability of a building does
not necessarily lead to increased occupant motivation to act sustairfallyi & Wilkinson, 2015;
Katoet al, 2010) However, identical occupant motivation levels between sustainable and more
conventional buildings do not nessarily mean simitly sustainable occupant behaviouk&ato et

al. shovsin the same reporthat despite occupants not feeling more motivated to be sustainable
by the sustainable buildingertain energy saving practices, such as turniffgcomputers after
work, waste sepation for recycling, or aiming to reduce paper use weighly prevalent in the
surveyed sustainable environmentézizi and colleagues also highlights that despite similar
motivation levels, occupants of sustainable houses acted maostagably than ocquants of

conventional building§Azizi & Wilkinson, 2015)
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Pilkington et al.(2011) also provides evidence that permaculturigidefined by the paper as
individuals willingly adopting and maintaining highhgtsinable lifestyles) living in various, more
conventional building typesdd on average 1.6 times lower personal ecological footprint (PEF),
than residents of ecdriendly, energy efficient homes. Their findings suggest that sustainable
buildings do not ecessarily generate more sustainable behaviours than their more convehtiona
O2dzy t SNLI NIia FyR GKIFG dzf GAYFEGSE@ 200dzLd yidaQ
motivation to act sustainably and their lifestyle choices and behaviours mightdaigger, more
sizeable impact on the building energy and environmentatoures than the building technology
itself. The study although supports the notion that sustaindhiéddings are not a prerequisite or

a condition of sustainable behaviours, it $ahort in individually controlling for the effects of
variables such asfdistyle of the participant or sustainability of their residence. It would be
interesting to see hovtiwo groups very similar in terms of environmental aspiration would liken
when conpared along sustainable buildings residency versus more conventional niguildi
residency. It could be that if the occupants are similar in lifestylesptiteipants ofsustairable
0dAf RAY3 g2dzZ R ISYSNIGS t26SNIt9CcQa (KIy (K2

2.3.3Conclusion
The previously presentedcarce studies exploring whether sustainable buildings promote
sustainable occupant behavioureay not allowbuilding a valid conclusion for a number of

reasons

First, the abovepresentedstudies reach opposing comsionsas obviated by their grouping in

the two preceding sectionsFurthermore, eventhe studies that have a decisively positive
conclusionand suggest that sustainable building ynBoster or promote sustainable occupant
behaviour fall short in explairing in what wayssustainable buildings may be conducive of

sustainable occupant behaviguwhich is a central concern for the present thesis

Additionally, i the firstgroup of studés, the Wu(2013)study and the Clark(2013)thesismay be
biased towards looking at participants who already act sustainably out of convicti@nd
irrelevant of sustainabilitypf the building This biaxan be assumed since the studied buildings
Cente for Interactive Research on Sustainabifityu et al., 2013)eco-centres andnstitutes for
sustainable educatiorfClarke, 2013)host strongly sustaindlity oriented activities, making it
reasonable tosuspectthat visitors ad staff may already bsetronglycommitted to sustainability
and are acting in line wih that commitment, making it questionablewhether and how the

building itself is helping susteble behaviour.
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A similar lackof control for sustainablecommitment of occupantscan also be found in the
opposing voice of the Pilkingtq2011)study, where participants witbomparableenvironmental
commitment are not distributed between sustainablend conventional buildings in order to
assess the effect of the buildi@gsustairability on occupant PEFHence Pilkingtof sauggestion
that sustainable buildingR2 y Qi vy Sd3tbrashdtamdief @ccupant behaviour is also
debatable.

Finally, the studies suggesting that sustainable buildingg promote sustainable behaviour do
not specify what exactly in the building facilitategsainable behaviour. Although somstudies
mention situational characterists like Weing in the buildin@ 6 @ A (W), @g13, br&nbwing
about the sustainability certificate of the buildiffhasheet al, 2015 as potentialy facilitating
sustainableoccupantbehaviou, these aspects do not include tlspecificphysical characteristics

of the buildingthat may bepromoting thesustainablebehaviour.

One exception is the research carried out by Williams and cale=a@010) where significant
relationships were found between the presence of certain physical features of tiseaBable
buildings andspecificenvironmentally relevant behaviours. This is encouraging in the exploration
on the potential of sustainable buildings as a promotor of sustainablumant behaviours.
However, the very same study also concluded that ribfemtures could be connected to the
respective environmentally significant behaviours, since the relationship between some pairs of
features and behaviours was statistically indfigant. This raises the key question bbw and

why the sustainable feates orrelated with sustainable occupant behaviowere potentially

able to support more sustainable behaviour

However, the key idea of the Willianet al. (2010) study, to pair up specific physical design
features of sustmable buildings with specific sustainable behaviours it assumes those features
may relate to,is worth further exploration. The approach of pairing up physical features with
specift user behaviours is very similar to that inherent to design, where arncajeern is how

the artefacts, products, services or the built environment will be used, thus how the behaviour of
the user interacting with the design outcome will unfold. Furthers design may also have a
more persuasive goal and ask itself how a ffieway of usingan artefactis achievable. This
same question, if explored in the context of reaching sustaindbigding use might provide

partial answers to the present expldran as presented in the following section.
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2.4.Design and sustainalbehaviar
Design forBehaviour Change, abbreviated DfBC hereafteq field of design research which
employs a philosophy akin térchitectural Determinism and advocates thahe intentional
application of adequate design strategies may predefine, suppochange user behaviour and
interactions with products and services for the better in areas such as sustainability, health, safety
or pro-social behaviour(Niedderer et al., 2014)However unlike the mainly philosophical
approach of Architectural Determinism, DfBC relies heavily on theories and empirical and
experimentalfindings from sociadnd behaviour sciencein combination with design researti
identify methods designers can consider and use as guidance to shape user behaviour. The
strategies and gmroaches encompassed by DfBC can be grouped in two major catethatiese
similar to the gentler and the stronger viewsArchitectural Determinism: voluntary approaches
provide information and feedback to motivate the user to want to do or not aroactvithout
imposing an action; and prescriptive approaches alsiedaontext driven approaches, which by
the built environment makes the targetebaviour easy or difficult for the user, enabling or
restricting use as sudtNiedderer et al., 2014 Researchers of DfBC argue that the mammglex
and challenging an issue, thmore voluntary methods become unreliable and may require
solutionsthat rely on contextto either enable or constrain certaibehavious (Niedderer et al.,
2014) Healthcareand crime prevention for instance are areas where context driven approaches
have been successfully adopted in design and respectively architecturghdesieduce medical
errors and crimerates (Grout, 2006 and Crowe, 2000 in Niedderer et al., 20Mhpther area
outlined as complex and challenging that accommodates apjlicaof DfBC strategies, is
Sustainabity via Design for SustainebBehaviour abbreviatedDfSBhereafter (Bokset al.,, 2015;
Lockton, 2013; Niedderer et al., 2014; TanBl&amra, 2008; Weveat al., 2008)

DfSB positions the principles and strategies for promoting sustainable loeinalong an axis of
userdegree of control, from leaving users full control by simply informing them or providing them
feedback; through mviding moderate control to the user via persuasion and seduction and
finally providing little or no control to thaser by determining or en forcing desired ways of use
(Lockton, 2013; Zachrisson & Boks, 201ffprming strategies may be exemplified by poster
slogandesigns aimed at informing the user araising awarenessn lessresourceintensive use

the power awarecord whichprovides feedback to the user on electricity use via its luminance
(www.inhabitat.com) or the energy meters allowingccupmnts to see and follow #ir
consumption.A more persuasive approach may be exemplified by the -fluah of bathroom
facilities where the less water intensive option is more apparent and easy tothiseAware
PuzzleSwitch www.loove.org-af A 3K ad¢6A 10K RSaA3IYySR (2 fS@S
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order and compel them to readjust the switch when it is ON and looks disordered to OFF to regain
order, or the recycling facilities where the openings hapecifc stapes to guide and suggest
recycling. Finallygood example for methods withlower degree of user control, that is more
deterministic approacles could bethe automated heating and cooling facilitie$ dGAircon off
(www.airconoff.com.ajg KA OK Ay RS LISy R wahis airdlwishedRuiis hdztirk) MidQ

cooling off when a room is vacated for a given period of time

As the previouy enumeraed design approaches and their applicati suggests, DfSB gathers
sustainable usesupportive desig approaches mainly applied for product design. A number of the
above applications of DfSB might be promising for architecture since these objects can be
integrated in buildings that aim to promot®istainable occupant behauir. However, the focus
seemsto be on individual objects used independently from other artefacts or systems where one
specific user behaviour is being pursued. As sitcdoes not provide understanding on the
concerted effecimultiple design features @xiging within a sustainableuilding might have on
sustainability of occupant behaviour. Furthermore, since it is mainly focused on individual objects
and artefactsit alsolacksdiscusgéghow architectural features such asientation, light and light
levels, floor level, floor lagut, thermal environment, and so many others may be related to

sustainable occupant behaviour.

NeverthelessDfBCand DfSBdemonstrates remarkably well that daéoretically and empirically
founded understanding of specific uséehaviours and its integrain into the design of objects,
artefacts and environments may generate environmentally and socially beneficial behavioural
outcomes. Following that line eéasning the contention of this studysithat a theoretically and
empiically founded understandg of sustainable occupant behaviour is required for
comprehendinghow the architecture of sustainable buildings may shape sustainable occupant
behaviour. Thereadre, the next section will explore sial science theories and emijeal findings

concerned wih environmentally significant behavioirr the context of the built environment

2.5.Environmentally@gnificantBehaviours
Environmentally significant behavioursereafter abbreviated ESB, in studemtcommodations
R2Yy Qi Klicae8 litdratui®@ &sRsuchHowever, university studenaccommodations show
similarities with the home environmerih the sense thathey provide living quarters and home
like environmentdor students. In factfor the periodof their stay the accommodatns become
the residence othe students, wheremost of the ESB performed are similar to those performed in
the domestic environment. Therefore, the present review builds on the literadfidomestic ESB

for understanding ocupant ESB in student accommaidas.
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Environmentally sigficant behaviours are defined as all the behaviours that have a direct or
indirect impact on the environment, independerdf whether that impact is beneficial ro
detrimental. One of themost commotty used categorisation dividdsousehold related ESB as
either efficiency or curtailment behaviou(Stern, 2011)While efficiency is a orghot behaviour
that may imply purchasing and adopting new, energy efficient eqamgrcurtailment behaviours
are repettive and mainly represent thevay the equipment, productsr systems are used and is
often associated with a significant cdease in comfort and quality of lifeBesides being
considered more comfortable, earlier stedi indicate that purchasing energyfieient products
can yield beter results in terms of redeed environmental impact than making efforts to yse-
existingproducts and systems in a more environmental considerate (@ardner & Stern, 2008)
Sudent accommodatios with high energyefficiency certificates, by their very definition and
function, already accommodate new, energy efficient featyrdsis catemg for the cefficiencyé

of occupant ESB.

On the other had, it has been shown that th&heer purchase and integration of energy efficient
and environmentally coriderate appliances does not necessarily result in the expected energy
reduction (Abrahamseet al, 2005) Stern, the advocatefaefficiency, also acknwledges that
cefficiency can be weakened by behaviopatterns such ashe drebounck effect (Druckmanet

al, 2010) therefore understandingéuse (i.e. curtaiment) is pivotal for redcing the
environmental impact of domestic behaviours. Even more so that empirical studiesped in
student accommdations also found that sustainable accommodatanay have Biilar resource

use intensity as their more conveahal counterpart§Asmar & Tilton, 2015)

To understand how occupants interact with the sustainable accommodation and use its features
first an eploration of the literature is reqted, facusingon what shapes residential ESB. Social
sciences lave a wide range oftheories and models that explain behaviour, including
environmentally relevantuse behaviour. These models resort to defining a varief factors

that may sway behavioursome of whib are seen asnore internal to an individual suchas
knowledge, attiude or motivation, while other factors armore contextualand external to an
individual, such as the physical, social, economic ottipanvironment(Clark, 2010;Jackson,
2005; Niedderer et al., 2014In sustanable studentaccommodations, individal factors could be
conceptualized as knowledge about sustainability and the sustainable character of the building,
attitude towards sustinable lifestyls or motivatio to use the building in a sustainable way. The
contextual facbrs could be the sustailide physical environment enabling or limiting sustainable

use or the social environmernite. other residents and their behaviour.
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Sincethe thesis relis on the infoming power of the most established theories and dets of
behavour, the following sectins details those that have been successfully adapted to and

adopted in understanding environmentally significant behaviour.

2.5.1Generic psylwlogicamodels
The exploratio of what drives behaviour, from the very outset social sciece as a field of
study,generated theories according to which personal behaviour was the results of individual and
contextual factors. Kurt Lewin, regardedaf®under of s@ial psycholog, in his equation B = f (P,
E) famously proclaintethat Behawur(B)is a function of he PersofP)in their Environmer(E)
where the Environment incorporates both the physical and social colitextin, 1935)Simiarly,
Herbert Simon conceptualizeébehavioural scissoéfSimon, 1990%uggesting that behaour is
driven by both cognition andantext and coins the concept @bounded rationalitg postulating
the decisioamaking is limited by the manageability or complexity of a problem, coegnitiv
limitations of the individual and the time available to makelecision(Simon, 1957)Theg early
behavoural theories have laid the foundation of manyeiries to cone used in investigating

environmentally significant behaviour, such as fititude ¢ Behaviourg Context(ABGQ model.

25.1.1. Attitude¢ Behaviour, ContexiABG model
Developed by Ste and his cdéagues specifically for understanding environnaiyt signifiant

behaviour, the ABC nael, a A Y A f | NI &eldiMeory, sbgndstg that ESB is an outcome of
both internal or attitudinal variables and external or contextual variablestuéies consit of
qualities internal to the individual such &alues, beliés or norms, while extemd factors include
physical, social, financial constraints or even policy support. In addition to the early theories of
behaviour mentioned abovehe ABOmodel also sggests that thestrength of one factor might
havean impact orthe effect of the otherfactor on behaviourMore specifically, when contextual
factors are very strong, attitudinal factors fade away in predicting behaviour and when contextual

factors are natral, attitudinal factors become strong predictof behaviou(Stern, 200Q)

The ABC model proposed in the context of waste management behavioursasueltycling o
reuse has beeradopted later on and found to hae good explaatory power for the same
behaviours accordip to subsequentempiricalstudiesas well(Olander & Thogrsen, 2006) The

area of application (recycling) and the inclusion of external context in projecting behaviour makes
the ABC model highly relevant whaming to undestand sustainability of occupant behaviour in

sudainable acconmodations.

Although the ABC model is valudbin explaining ESB, it has been recognized that it does not
explain ESB that have a habitual character. Since many ESB have al hediiite the very
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author of the theory proposes empding themodel by inaliding habitsHabits aredefinedin the
literature as frequently performed, automatic actions carried out in a stable context, which
significantlyreduce cognitive efforbften to the point whee no conscious deliberation is required
for performing an actn (Kurzet al. 2015) For instance, he way the artificial lights are used
within the accommodations, waste management, heating and ventilating pesct€ occupants

could beconsidered habits.

2.5.1.2. Theory of Interpersonal Behaviour (TIB)
Harry Triadis in his comprehemg Theory of Interpersal Behaviour (Triandis, 1977)

abbreviated TIB hereaftehesides explaining behmur by attitudinal aad external factors also
considered by the ABC model, accountstabitsas well.In the model of Triandjehaviour is
driven by behavioral intentions, faciliting conditions andhabits. Behavioural intentions are
shaped by attitdes includinghe exgectancyvalue component \Wwich is the perceived value of
the expected behavioural outcomesocial factors including subjective normisles and self
concept, which g the perceived role of a person within the society and appropriateness
behaviour from o% Qa LJS ND S A @& afféce dd knhofion. N ffaSilitating conditions
cover the factors outside of individual agency while hahies@nsidered as the fremncyof past
behaviour and it is proposed that the more frequent a aeiour the more autoratic and less
deliberative it becomesESB researchers sheddecades latethe proposal model hasa good
predictive power for those enviromental behaviours thatra prone to the effects off habit such
as car uséBanberg & Schmidt, 2003jut al in explaining adoption of vegetarian di¢&almen
& Helne, »12)

2.5.1.3. Motivation-OpportunityAbility model (MOA)
Another weltknown behavioural modelnclusive of habits wasleveloped by Olander and

Thagersen (Olander & Thagersen, 1995Jhe nodel showssimilarities with the TB and ABC
models and suggests that behaviour is determined by motivation, ability, and opportunity. The
omotivationak component consists of intention which is a product of attitudes and social norms.
The dability¢ constiuct consiss of taskknowledge andhabit, the later also present in the TIB.
Finally,dopportunity¢ determined by situational factors relates to the contextual drivers of the
./ Y2RSt IyR (2 ¢NAIFIYRAAQ FIFLOAfAGFIEGAY3 O2yR

The MOA model was extensivelged in esearch inestigating ESBuch as eargy conservation in
the domestic environmen{Gaterdeben & Vlek, 1997, 2000n iJackson2005) or recycling and
waste sepaation behaviour§Kok & Siero, 1985; Pas, 1989, 1991; Thogerseif94; inOlander
& Thggersen, 1996 showing that opportunities to recycle increase recycling behaviour

independently from attitudes or perceived difficultie€Guagnanoet al, 1995) Shce the
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dopportunities to recyclé are tangible constucts of the physical environmeni KS a h ! Y2 R
consideration of physical context needs to be acknowledged the theory bookmarked when
aiming to build an overall understanding of sustainable ocougaehaviou in sustainable

accommodatns.

2.5.1.4. Context ad the Habitual nature of residential ESB
Understanding context is becoming even more relevant when the habitature of residential

ESB are again considered. As briefly mentioned above, habits atikepacions performed ira
stable ontext and hae an automatic nature since they are performed with little or no conscious
deliberation. The fact that habital behaviours are not preceded by rational evaluations, they are
resistant to the effects oftitudes ard other internalfactors ofbehaviour. Neertheless habits

have been found to be cued by recurring stimuli in a stable corfiéiplanken & Faes1999)and

are sensitive to context change. Such change is represented by moving home, which is what
students experiencevhen moving into university accommodations. Literature suggests that
situational lifestyle chages such @ moving home makhabits moe vulnerableand might offer a
owindow of opportunitg for reconsidering and adopting new behavioupgerplanken et al.,
2008) Ths means that students moving into university accommodations receive a window of
opportunity for adoptingenvironmentlly sistainable behaviourshat may become habits and
may be cued by the physical environment of the sustainable accommodation. It alsts ried

the behaviours studied are situated within the physical context of the accommodations, hence
the reason thethesisadopts an epistemoldgd position that looks at the situated nature of
residential ESB.

This is not to say that the present thesgdriven solely by the habitual character of domestic ESB,
but that the habitual characteristic of domixs ESB andhe relationship of habitswith their
context supports investigating how the physical sustainable environment might shape

environmentally gnificant occupant behaviour.

2.5.2Social Practice Theory (SPT)
Shove(2010)takesa critical stance againghe individualistic theories and argues that behaviour
is not the right level of analysis and psychologydéfinitely not the right discipline for
underdanding andshifting environmentally décting behaviours. Insteadt is proposed to move
towards thinking about behaviours as entities embedded in a much larger vessel of social
practices, which in turn drivand sway behaviours. Social practices aréngef astbroad cultural
entities that K LIS A Y RA @A Rdz f deftions]SaNd&eticlis A Hagrdakes, ROLT) S N1J

From this perspective, people are sh@bostE and écarriers of practices which have their own
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careerand trajectory. Therefa, to understand behaviourfirst an understandig of practces

that define those behawurs is necessangiove argues that in order to understand and change
environmentally significant behaviouwe need to go beyond the AttitudBehaviourChoice

model d policy making and understand practices and thay they fam and are sustained by
socety. ltisessential 2 YSyGA2y (GKFd | fiK2daAK {K2@0S NBT
Attitude-BehaviourContext model. Instead it i@ model thought by Shov® be used by policy
makers, where actions areraatter of individualdChoicé placingresponsibility of alhctions on

the individual and voiding the responsibility of the policy makers.

In SPT practices are considered to be cosgal of threeinterlinked elements: meaning,
procedures, and materialChatterton, 2011; Shove, 2010)his means that the environmentally
conseaiential practice will ke conditioned bythese three elements. A good example of practices
and their constituent elements is given yand et al (2005)who aralysed the evolution oftte
practice of showeringand other water use patterng Britain. Wiile cleanlhess, seltare and
bodily maintenance can be interpreted @eaning, the abilityand capability to take a shower
can explain the procedures or skilighile the technologicaevelopment and water and heating
provision can be conceived as theaterialsand objects(Handet al., 2005; Pullingeet al, 2013)

These elements together: the materials, the skills and themmgaform a practice.

The Social Practice Theory has been widely applied in studies cmtcerith swstainable
behaviour such asnergy use(Shove & Walker, 2014jransport or even recyclinChatterton,
2011; Hargreaves2011) but also to the study of spitiver effectsof sustainable behaviours

(Wonneck & Hobson, 2017)

However, PT also receivedriticiasm from Whitmarsh and their colleagugswho argue that
rejecting all individuatoncerned psychological research aldiming that SPT is the only useful
and effectve model for inducing enviramental change by human actipas suggsted by Shove
is not reasonable. Sustainability is considered a complex issue which, according to Whitmarsh,
requires both individual andocial change. While social changelédinitely needed, and Shove
might wellbe right on the underuse of sociology environmental policysociety clearly cannot
change by excluding the individu@Vhitmarsh et al, 2011) Therefore, rather than seeing
psychology and sociologys conflicting disciplines, a multidisciplinary apmtoavould be more
welcomed forexecuting effectivend lastingchange both on individuadnd on social leveDther
researchersalso concluded that although the twapproaches namely social psychologyné
sociologyhave a palpable tension between them amave oftenbeenpresented inoppositionin

the context of envionmentally consequentiahctions reconciliating the two perspectives and
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integrating relevant knowledge from both traditions would be theost effective to change
unsustainablebehaviour pattens to more environmentally mtective alternatives(Kurz etal.,
2015)

2.5.2.1. Architecture and Social Practice Theory
Shove(2013)arguesthat in order to understand and change environmental practidesiuding

the environnental behaviours, a better understanding of technology and maysnfrastructure,
one of the three main pillars opractices,is required.Physical infrastructures are conceptualized
as relatively distinctive but strongly interconnected and potentiallgmplex material
arrangements, layouts or systenof provision wich accommodate not one but amy social
practices (Shove, 2013) For instance, ities, streets, buildigs or buildng appliancescan be
conceptualized as physical infrastructures, as comatekentangled provision systems hosting a
variety of practices some of them as mundane as walking, cycling, wot&argjng, or even
heating our home, cooking our fod and mainténing bodilycleanliness. Although infrastructures

in themselves are not enougfor the practice to be generated and maintained, they are
important not only for efficiency but also because yhieave the potential to enablor constrain
environmental practces. For ingtnce, just by providing a cycling path the practice of cycling wil
not necessarily be adhered to. However, the cycling road is a necessary element affording or
obstructing the pactice of cycling. Furthermer the physical infrasticture canshape the otler

two major component of practice, namely skills and meaniBgove, 2013)A good example
could be the availabilityof electric bikes, which relies on established skills and knowledge
required for riding a bike and operating ety powered devices, but élso develops new slslbf
using he electric likes. Furthermore, providing bike lanes and new, easy to use bikdd make

biking appealing and reshape the meaning of biking.

Adopting the same logic and putting it in contexX the present investigatio, the sustainable
accanmodations ad its integated features can be conceptualized as the physical infrastructure
of environmental practices. Although sustainable accommodations as physical entities are not
enough for ensuringustainable use, based onehtogic presented abovehey are §ll important

in the sense of shaping enabling or limiting- practices withenvironmental consequences.
However, how far sustainable accommodations as physical infrastructures enable ibr lim
sustainable occupant behi@urs and practices isnexplored.Therefore, ireasing understanding

on the sustainable accommodations as phgkisystems of provision and how those systems
shape sustainable occupant practices might be crucial if suppodimgainable occupant

behaviaur is to be pursued iBustainableaccommodatios.
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By using the above understanding at the design of new sudikireccommodations, or at the
sustainable renovation and refurbishment of already existing accommodations, redi
architecture might beri a strong position tgrovision amajor pillar for satisfying SPT and to
provide supportive physical infrastrugtifor the enactment of sustainable occupant behaviours.
Furthermore, the right design of sustainable accommautzgi might also be in a positi to shift
existing sKls into mae sustainal® direction and to change the meaning of environmentally
relevant practices. For instance, walksigned ventilation facilities serving natural ventilation
could change the prade of ventilation from openig the windows to usinghe trickle vents
potentially reducing heating energy waste in the winter. But the samegdeeature could also
change existing occupant skills to ventilate the room and could also change the meaning of

ventilation.

2.5.3Transactiongbsychological approacke
Transactnal approachks regard behaviour as being contextualised and situated and aielym
concerned with behaviour as transactions and interactions between the environment and the

individual.

2.5.3.1. BehaiourSetting Theory
One of e most influential behviouraltheories in psylkology is the Behaviougetting Theory,

developed by Roger Barkehe founder ofEcologicalPsychology(Barker, 1968)Barker studied
human behaviour in its natural setting, outside the laboratory, and expected to find that perso
characteristics such asepsonality traits or pesonal valus predict belaviour. To his own
surprise, he found that individual characteits are not the main drivers of behaviounstead his
empirical research suggested that the setting encountetsdthe individuals dictatedheir
behaviours. Behawur settings, accordingi 2 . I N] SNR& ¢2N] 2 Oly 06S O2
the physcal and social environment with its written and ramitten norms and rules. These
elements together, the way thphysical environment and ifeatures are designedhe peoplein

it and the norms and rules formed the setting which in turn shaped behavi®arker labels
behaviour that is similar in structure to its physical setting, its milieu, as synomorphic. For
instance, sitting in a lecturtheatre during a lectte and the écture room a@e in a synomorphic

relationship, while standing on a chair duriadecture is not.

lf GK2dAK . ' N] SNRa (GKS2NE aSNISR-Bdhaviout resgadady R I Y
(Kopec, 2012and has also beensed to understand environmerdffectingconsumer behaviour

(Foxall, 1995)no empircal work is known to have agted it in the study ofresidential
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environmentdly significant behaviours potentially due to the fact that psyoby did not fully

adopt it (Popov & Chompalov, 2012)

Sustainable acd0Y2 Rl GA2yaz oF&ASR 2y cdnddiye8 MDsettingsd S 2 NB
sudainable behaviours, consisting of the sustainake physical environment, the social
environment, and the norms anuiles expected to be followed in suahbuilding Furthermore, in

case the sustainable milieu supports sustaieafiehaviours, the sustainabbehaviours and the
sustainable acommodation ould be in a somewhat synomorphic relationshifghile the theory

offers a good conceptualisation of behaviour situated in the context of sustainable
accommodations as a whole, ig challenging to apply it founderstanding the irdractions of
occupants wth the design features of the building. However, the following iemmental

psychology informed design theory might do just that.

2.5.3.2. Theory of Affordances and Perceived Affordances
The termadaffordance& was orginally coined by J.Gibson(1977) who undertookextensive and

far-reaching work in the area of human perceptiddibson argues that the world and its objects
incorporate attributes that allow ways of use and interactigegific to the organism or agt

that may interact with the bject. These potential wgs of use ardghe affordances of an object

and may be picked up by an organism via sensorial perception. Furthermore, Gibson suggests that
affordances are inherent to anbject independently from cagtion, that is the affordancesi
present in an object rgardless whether a person knows what the object is and how to use it or
not. This means that for instance, the heating system of a home affords heating regardless of the
occupants knowing how to usg or recycling facilities all@ recyding regardless afisers knowing

how to recycle Theseexamples showthat although the concept may be suitable for the study of
perception, it is problematic to apply it in the study ofHaeiour, of objecuser inteaction, or

environmentally sigificant occupantbuildinginteractions.

Nevertheless, design science adopts the concept of affordances with pivotal refinements to it
(Noman, 2002) Norman agrees with Gibson dhe idea that the physical eironment and its
accommodated featres have certain properties and characteristics that function as cues on how
actions can or should be performed on them, and that agemisnanor otherwise, pig-up those

cues via their seres. Nevertheless, he disagseen the idea that the informatioiis picked up
directly through the senses without the need for cognitive processing. Instead, Norman proposes
that the brain must first pscess he information reeived by the senses which isllbwed by
interpretation of the information. Therefore, in higiew, affordance is not equivalent with the

properties of the object, asGibson suggests, but it is instead a relationship between the
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properties of the object ad the abilities and gaabilities of the agent. Herg a heatingsystem
affords heating only Wwen occupants can decipher how to turn it on, recycle bins allow recycling
when occupants recognize the bins and know how to recycleyrickle vents afford natual
ventilation in roons when occupants recognizeettvents for what they are and know how to

operate those.

¢t2 | @2AR (GKS O2y¥dzaAizy ¢AlGK D Xperaedelatiorddin@NY =
which refers toonly those propeiies or cues of an objectallowing certain actins which are
perceived by theagent or which the agent is aware df.an object affords certain actions on
which the user is not aware or does not understand the cues the object sends through its
propertiesto perform the action, tken those actions are nafforded by the object fothe user

and these properties are not coidered affordances.

The concept ofPerceived Affordanceshas been successfully applied in research aimed at
dzy RS NA i | Y RA yedhcling Geladibuit (JuifyidVerges, 2009)n their study, Dfy &

Verges found that the nesence of specialized lids on waste bitigorized as the perceived
affordances, significantly increased beverage recycling by 31%. Affordances also served as ke
concepts in qualitative research aimed atderstanding smanneter use in residential coakts in

terms of what smart meters afforth different actors(Darby, 2010

Albeit its applicationis specificto object and product design, théheory of Affordanceshas found
its way into architecturateseach, where it has beenpplied in the context of understanding the
relationship between indidual building elementsugh as lobby, stairs, dogrdoor handles and
afforded occupantbehaviours(Kimet al, 2011; Katamanis, 2006; Warren1984) Maier and
colleagues also echoed Gibson when proposingathgication of the concepof affordances in
architecture in order to develop aésatisfactory theoretical bagisfor architecture by
understanding the relationshipetween the built envionment and the occupanfMaier et al.,
2009) They further suggested that in the context of architectutee concept of affordances
should be similar to it§orm in design science and that the built environment is equivaleitt w
the object or artefat component while the occupant is corresponding to the users. Maier et al.
proposes a categorisation of affordancksked to building sda as:high level affodances or
what the building as a whole affords, such as shelter, combo aesthetics and lovlevel

affordances which are related to building features such as doors, windows or floors.

Since the concept of affordances describeseptiall uses of an objéwr building it may help

understand what are the sustainable ways ioferacting with a susinable building that the
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building and its features incorporate and enable. Hence the occupant may choose to use the
building or its features in a sustainable washould the dtter incorporate that way of use.
However, Withagen edl. goes one step furtheand claims that affordances may actudilyvite¢

ways of usegWithagenet al, 2012) which for the design of sustainable buildings means that
specific features may offeor promote sustainable ways of use that are more likely to be selected

by ocapants than less sustainable ways of use. This may serve as an explanation for the findings
of Duffy & Verge$2009)if the receptacles they studied were initially designed with the intention

to suggest and invite sustainabilgays of disposing fowaste. However, this also meanseth
designer must have a gd understanding of how their deg will be perceived by the user, an
understanding that eventually matches the user perception. However, in architecture this match

can be poblematic as follows

Sarah William Goldhagen her artitecture focused bookGoldhagen, 2017gchoes hat people

experience dndscapes, streetscapes, buildingsd objecs based on the perceived actions these

spatial entities can afford to them rather than conceptualizing these elements as abstract and

passive. People arconstantlylookingfor opportunities the built envionment and its features can

offer, assess their usefulness with predefined goals in their mind and ready to act. Goldhagen

contrasts this mechanisnof cognition, the perceived affordanceswith how architects
conceptualizespacesand objects as abstracbmpositions. She gives the exampf the staircase

which in her view, no matter how aesthetically appealingy be cannot be perceived solely in its

pure abstraction. Instead the staircase @rprehended, whether conscisly ornon-consciously,

as an olect or smtial composition thatenables certain actions. In other words, the architects

may be inclined tothink about the building and its features as abstract objects in the space while

the inhabitants and users think albthe same entites of the spagin terms of what tlose can

offerand affordl Sy OS GKS YA&AYFIGOK 060Sis6SSy I NOKAGSOGaQ AydSl
YR Ada FSFddaNBa | yR 200dzLJ ytsfaa@red dNEIOEILIG A 2y a 2y G KI

Thegap betveen thedesignerand the userin the context of affordanes of an artefact has also

been emphasised biorman L y b 2 NXY | y QthereNi ltwéd 2nghfalyhibdelghat of the

user who is engaged in understanding hawobject works and what @&an afbrd; and that of the

desgner, who makes assumptions onviathe designed object will be used. In felicitous cases

Gg2 Y2RSta FTAG NBtlIGA@gSte ¢Stttz IyR GKS dzaSNI Ol y
encodal by the designer. However, d¢he are cases when the two modgldo not match

sufficiently andbecause thedesigned objects areisually used without the presence of the

designer whotherefore cannot communicate their conceptual model to the usere messag
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will be unclear, and these will not understand or will nsunderstand how to use theespective
object, leading tothe misuse of the object. The main reason behind this issue, according to
b2NXYIyQad @ASgazx Aa fAy]lSR (ng wilh k&r edviroBnient ar& |
functioning on three levels: sceral, behavioural and refleed. While only reflective is conscious,
visceral and behavioural is unconscigderman, 2002) This means that os of the decisions on
how to interact with their environment and its features will be based on -nonscious
deliberations. That is, while peopldecode affordaces of the objects or enviroments they
encounter, they are n a mostly norconscious statepn automatic pilotas it were and are using

the environment and its features intuitively. On the other hamdhen designersnvisagenow the
designed objectsvill be used, they think imather rational terms, expecting thsame rational

approach from theuser.

SAy3 gl NB 2F (KA& RdzZftAGer 2F | NOKAGSOUC
understanding and interactions with a system, and occupants undaistg and interactions with
the samesystem, might prove esséal in the study of environmeiatly relevant occupant
behaviour in sustainable accommodations. It can be argued that sustainable accommodations are
usually expected to host sustainable behav®uwith architects integratingnto their design
elements andfeatures that are meant to affor sustainable occuparbuilding interactions.
However, following the above logic, th@esigned affordanc&smight not always meet the
operceived affordancesleading to undesirable and unsustainablese of the building andts

features, further contributigto the already generally high environmental impact of the buildings.

2.6.Missmatched affordances in sustainable architecture?
The above line of argumentatiooriginating from design seems to be coborated by a large
body of building science and socialience related empirical evidence suggesting that sustainable
buildings and its features are not always used in sustainable ways, while the sustairalie
presumed to be the intended way of uséeading to unsustainableand environmentally
pernicious @e Architects use rules of thumbs and make assumptions about how the buildings
YR AG& FSFddz2NBa oAttt FFF2NR dzaS leyeR thdseé 2 dzi
assumptions are often notih A yS 6 A (i K  @ing Gsdzhdhavidyieading tdzZsdmetimes
consideral® mismatch which in turn constitutes a significant part of the ominous building
performance gap(Brown & Cole, 2009; Guerantin et al., 2014; Leaman & Bordass, 2001;
hQ. NASy 39 .Dhbicied-oceupamt mismatch in the context sfistainable bildings
has been of scientific interest and the exploration of the topic generated several explanations for

the existence of the gap.
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2.6.1Scarcity of Post Occupancy Evaluations (POE)
One of the major resons behind the gap are argued to be ttegluced numbenf POE studies
which were designed and developed specifically to assess building performance during use
(Bordasset al, 2001a, 2001b; Bordass & Leaman, 2005; SteverZiig) Leanan and Brdass
criticised achitectsand construction professionalsn the premise that they rarely go back to
perform POE studies and to examine how the sustainable buildings are used in real life. Therefore,
according to Leaman and Bordass, a clear consequea®f not knowing tle outcomes of the
designarchitects cannot design in a way that fully matches the buildings actual use and fully

supports sustainabilityBordass & Leaam, 2013)

Indeed according to a relatively recent survey, only 3% of UK based architects perform POE
regularly on housingrojects (Clark 2015)and the validity of the claim that by knowing more
about how the buildings are useambuld yield bette architectural decisions fosustainable use is
hardly questionable. Nevertheless, it needs to be mentioned that the issue is more complex than

just blaming architects and building professionals.

{SOSNI t O2yaildNrAyiGa I yR sageNd Shich Righh easityedudsi & A R S
them from revisiting the operating buildings and performing a comprehensive study on its use.
Financial andime limitations, often adversarial contract structures, short term goals of clients,
agency restricted to degih task of thearchitect may be reasonable culprits, to name but a few.
Furthermore, even if POE carried out, architects might not necesdy know how and why the
buildings are used differently than intended or how to better match future desigentidn to

occupant behavious. In a recent study by Hay et al., architects argue that the quantitative data of
POE studies would need to be cdempented by a qualitative understanding of how and why

occupants perceive and use thesigied places(Hayet al, 2017)

Therefore, an alternative anperhapsmore realistic approach to help decing the gap between
the designed and actual behaviour, which the present thesis suggests, could be to develop

scientific knowledge on how occupants perceive the buildings afford certain environmentally

27

related interactons and to match that with archi@( & Q A y (i Sy (i Astiyfadle Ws@ This dzLJLJ2 NJi

could help architects better understand how their intentions matches with real use, but it could
also allow architects to understand why occupants use the features thetlvegydo and how to

design in a wayhat supports sustainable as
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2.6.2The paradox of Complexity
Another possible reason behind the intendadtual use (or affordance gap) is suggested to be
the ComplexityLeaman and Bordassguethat sustainable buildingand their systems are often
more camplex than the systems of me conventional buildings and therefore are perceived by
occupants as overlgomplex and less straightforwarth use, further posing a considerable
challenge to the intended, sustainable walyuse (Leaman & Bordass, 2008imilarlyh Q. NRA | Yy
and Gunay2014)suggests that the way occupants interact with the sustain&bidéding and its
systems might be influenced by the availabjliagcessibility and complexity of building features.
hQ. NAlLYy ftaz2 adrkrdiSa GKIFG 200dzLJ seladd whedIhose 2 2 |
characteristicsare missing, and the systera perceived to be too complex they might use the

systems in lessustainable ways.

While understanding how the building features function is pivotal to enable and ensure the
sustainable andntended use, the notion of complexity is a sensitive concept] gnerefore it

should be treated with care. Understanding thensgiimes elusive meaning @bmplexity and
simplicity in the context of design in general, whetherjeals, buildings or system$iasbeen
acknowledged as being an ambitious challenge by baa NX Iy Ay KAa 0221
/ 2 Y L) $Nonéard 2010) In this book, Norman argues thedmplexity does not necessarily
mean that the use is unclear or diffit. Conversely, simplicity does not necessarily convey a clear
message on use and can easily lead the user astray. For instance, Apple products or the Nes
thermostats are complex in #ir functionality but generally accepted to be very easy te.us
While other devices,such asthermostats, may be considered sitepbut difficult to use
(Karjalainen, 2007)Norman arguesthat complexity also depends on whdbe use is on the
specific systemwho is the user, what are their abilities and capabilities and their familiarity with
the system. These quaks togeher might define what is the desired level of complexity, the

Wa g Pbtdias Borman calls ,iin a certain situationFurthermore, wha describing the ideal

N} y3IS 2F O2YLX SEAGE b2NXNIFY NBFSNE (2 [/ aA]
(Csikszentmihalyi, 199&yhich is the state between frustration originating from the high level of
difficulty of a task and boredom coming from the unchallenging amdtaresting task. Similarly,

the desired level of Complexity lies between the extremes of too complex or todesimp

Translating this idea back to the design of sustainable buildings, theplewity does not
necessarily mean that users find it difficutt uinderstand how the building and its features
function. It could be that the sustainable buildings are more cempbut that does not

necessarily mean that their use is less well understdnd the occupants.Furthermore,
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consideringthat the focus of thepresent thesis is on sustainable student accommodations, the
paradox of complexity is becoming even more relevéntould be that student occupantsnight

deal with complexity very differett and have very different expectations than more senior,
seasoned building users. Therefore, comprehending how student occupants understand the use
of sustainable building andsitintegrated features might be pivotal in supporting sustainable use

in sustanable student accommodations.

Finally, inNormar@ argument, the key for designesto create objects that are neither too simple
nor too complex, iso havedConcepual modelg ¢ what designers think the artefacts incorporate
- of the &Systen image ¢ information the artefact incorporates and may alsolute user guides

- that matches well withdMental modelg of users¢ what occupantbelieve or perceive of how
the artefact worksIn the context of sustainable buildings, this means that dhehitects have a
conceptual model of what the building is andvhat can be used by occupants which during
design and construction gets materiglizinto the building with all the signifiers of use, handover
documentation and user manuals for buiiit sysems ¢ which forms the system image, and finally
the occupants @o have a set of beliefs about hawe building and its features can be used.
Basa onb 2 NJY Hiné @fareasoninghe question of the right level of complexity is solved by
ensuring the conceptual model of architects is closely alignéa twe mental model of the user.
Analogously, the present thesis reminds that batiodels, that of the architect and of the
occupant, need to be understood and matched in order to identifgdyaorking practices but

also potential gaps which if uncoveredynpresent opportunities for improvement.

2.6.3The Comfort disparity
Brown and Cole gigest that the human performance gap might originate from the mismatch
between the assumed and actual occupaomfort and the assumed and actual comfoetated
occupant belviour (Brown & Cole, 2009)n other words, there is alifference between what
comfort andbehaviourto achieve comforineans to occupants and toarchitectsand desigrers
conceptualizeoccupant comfort and related behavioural responsé@#is discrepancy, besides
200A2dzaft e NBRAzOAYy3I 200dzldr yiaQ O2YF2NIx Ff az
environmentally less supportive. Thereforenderstanding and welsupporting the actual

occupant comfort is vital to reduce the human fl@mance gap in sustainable buildings.

In residentialbuildings demand for comfort is found to be especially highaugeet al, 2010)and
occupants have full freedom on how achieve thatTweedet al, 2014) meaning tlat resource
intensive behaviour to support comforhay be even more prevalent than in other buildings.

Furthermore since performance expectations of sustainable buildings are far higher than of
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conventional builthgs, resource intense&s behaviours are caidered to have a more marked
relative impact on gstainable building performance than on more traditional buildings.
Therefore sustainable accommodations may be particularly sensitive to environmentally
impacting, comfort seeking ocquant behaviours andherefore occupant comfort and the
behaviours to ahieve that should be thoroughly considered and adequately supported by the

architectural design.

The dimensions of occupant comfort commonly discussed in theafitee of sustainable
buildings and theirgstainable use, relate to the physical qualitiégtee indoor environment with
focus on thermal comfort, visual comfort and good air qua(fyontcz& & Wargocki, 2011)
Thermal comfort is commonlgssociated with heating and ventilation practices, visual comfort

with light use behaviour, while air quality relates to ventilation but also to ways of heating.

Although comfort is pmarily subjective ath closely aligned with individual perception, sigpport
transpires into architecture and building science as a set of physical measurement and simulation
exercises(Osterhaus, 2005; Zhang, Arens, & Pasut, 20l )establishing the right comfort
parameters, architecture nialy considers theresuts of the physicaimneasurements and energy
simulation tools using climatic, physical and thermal ddf2elzendeh et al., 201%ather than
NEBfedAay3a 2y 200dzldr yiaQ LISNOSLIGAZ2Yya | YR SELISN
elaborated studies of glare and brightness while predefinedrttee standards indicatehe right
thermal comfort in buildings. Butas previously mentionedcomfort is subjectiveand is
dependent on many factors such psrsonal, cultural, situational or contextual. Therefore, by
only relying on the physical measurenie and simulation modelSQ architects miss out on
supporting what is equallyf not even more important: the subjective, perceived form of comfort,
whether visual, thermal or otherwis@.he point here is not that the physical measurements and
simulation models are not needed, Wbuto emphaize that understanding of subjective
experiences of occupants may also need to be integrated into the design process. However, at
this point the literature does not inform on whether and how architects may consider ctiNjg

of occupant comfd and howtheir considerations may match occupant perceptions. The present
study comes to fill this gap bgxploring andjuxtaposing occupant perceptions of comfort and

architect considerations of future occupant comfort.

2.6.4ThedPassive ageritfallacy
The literature suggests that architectsften conceptualize building occupants as passive agents
rather than allocating an active role to thewithin the built environment(Brown & Cole2009;

Zapatal.ancaster & Tweed, 201Mlowever, occupants actively interact with the building and its
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systems and exert agency to set the desired conditi@apataLancaster & Weed, 2017) These

active interactions inevitably have an impact ohetfinal environmental performance of the

building. Furthermore, in sustainable buildings the impact of active interactions with the buildings

is bigger han in more conventional buiidgs (Hoeset al> HAandT AY hQ. NASYy s Ddz/l
Therefore, the performance of the sustainable building depends very much eguhlity and

type of the interaction between the building and its inhabitants performed in response to

changing external conditions, also callé@dteractive adaptivitg (Coleet al, 2008) This means

that in order to ensure the effecteness and the positive environmental outcome of sustainably

designed buildings, occupants need to be conceptualized as active contributors to the

performance of the buildingBrown & Cole, 2009; Cole et al., 2008)

Although the argumenthat occupants may be conceptualized by architects as passive agents is
thought-provoking, it is difficult to fully subscribe to this view and to put the architects in the

unfavourable light ofdesigning without the slightest consid#ions of occupants actively

interacting with the sustainable building and its featurEsen more that this task is present in

common sustainability related professional literateeg.£ { dz& G | A y I 0 Aof Wkotk@0A3 wL . ! tf |y
D dzA RH&lfiday & Atkins, 201B)ia discussion of control strategies fmoconcept design to

handover, where design is advised to match needs and abilities of the operator and the end users

who will control and interact with the building features according to seasonal variations and

spedfic occupancy patterns. Hencthe RIBA guidancsets architectson the path to consider

from the early stages of design the end users as active agents integagith the sustainable

building and controlling its appliances to set the desireaditions. However to what extent

archieOG Qa O2y OSLIiAz2zy 2y 200dzLd yiQa | 3SyOe FyR | OGA@E
enough and matches with the real interactions remains unknown and is a major focus of this

thesis.

2.6.5ThedRational actarmiscaception

A reason behindthe designed andactual usegap may be that architectsmake optimistic
assumptions andare believed to think of occupant behaviour as rational and driven by intent
O0hQ. NARSy g , Dl sedekal disciphnasbargue feifently. First, psychology ra
behaviourd economics has provided convincing evidence that human behavmzinding
environmentally significant behaviowiften does not fit the Rationa¥lodel and therefore can be
seen irrational, otboundedly rationa, driven byimpulse rather tha intent and by contextual
cues from the environment (Ariely, D08; Cialdii, 2003; Kahneman2012; Simon, 1957,

Verplanken et al., 2008This limitation of conceptualizing behaviour and building interactions as
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rationalis also acknowledged in building science, by emphasising that the way occupants interact
with the buildingand its features ishe most convenient rather than the mosidical(Leaman &
Bordass, 2001 in Brown & Cole, 200&chitectural scientistand criticsalso remind us ofhe

partly rational character of behaviouwhen describing how behaviour within the built
environment may be driven by evolutionaimaits andtendenciegGehl, 2009; Goldhagen, 2017;
Sussman & éllander, 2015; Whyte, 1980)Design science also suggests that designers and
architects often design with a rational mindset while users and occupants the Dbuilt
environment and interact with their features in a rather intuitive manner, thus the dfsancy
0SGsSSyYy GKS I NOKAGSOGQa 2NJ RSohiuseshd hé @al ws@ a dzY
(Norman, 2002)

On the otherhand h Q. N&A Sy (2014)Rdimjf that although behavioumight not be fully
rational, dit is also hard to argue thabccupants are fully irrationa. Instead,they suggests,
occupants want to restore their comfort ithe easiestpossible way, but the contextual factors
might stand in their way making occupant actions seem irrational. Zegatalweed2017)also
argue that occupants are in facrational actors who will exert agency over their physical
environment and insists that architects and designers should consider that in twrdarpport
occupant comfort and sustainable uddorman(p.4955,2002) also agrees that out of the three
levels of humarinteraction with the physical objects of the space, one is rational. However, he
reminds us that thetwo other levels of decisiomaking are in the irrational range, such as
visceral and behavioural, sugdgieg that although there might be rationality inlked in the way
people interact with objects most of the interaction will be irrational and uncanscpushing the

pendulum back to the irrational side.

Although behaviour may be mostly irrational or naational, Ariely in his famous book titled
oPredictably Irrationad, suggests that it is still predictab(@riely, 2008) Sunsteinand Thatr in

their cornerstone book titlediNudge Improving Decisions about Health, Wealth, and Happihess
also suggest that although people are biased in their decisioringand are inclinedb act in a

way that is familiar, comfortable and convenient rattiean in their interest, designers can build

on those flaws and biases and nudge behaviour towardseneneficial directiongThaler &
Sunstein, 2009) ¢ KAa O2y OSLIGI Aa TdzNIKSNJ & dzLede ofli SR
sustainable buildings who suggest that resource relatedafigee building can be predicted since
occupants interact with the building to regainein comfort and when their comfort is missing
exaggerated measures are taken to regain it rathemtlaating in finetuned manner6 h Q. NA Sy

Gunay, 2014)While these claims are promisingow far architects consider the irrationality of
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occupant behaviour and predict resource related use of the sustainable buildings based on
comfort restoring raber than finetuned building interactiong&nd desigrto support sustainable

use is largely understudied

2.6.6The Universal solution
Finally AG Aa Ffaz2 adA3SadSR GKFdG FNOKAGSOGAQ RSOAAA
principle2 T ¢ési2efit§l £ £ ¢ Ay G KSANI RSakeadyhdbehid®tdetarRhitéetS LI NI 2 F
occupant gap and the consequential outcome of unintended and uaiwile building use.
| 26 SOSNE 200dzLdr yiia OlFyy2i 0S5 02y O0$ejistiowdagel SR | & (K¢
diversity (ZapataLancaster & Tweed, 2017; Zhangaét 2011) Therefore, in order to support
sustainable occugnt-building interactionsdesign may need to develop specific understanding on
occupants by bilding types but also by other traits inherent to occupants such as comfort
expectations, complexjt perceptions age and other demographic characteristicer mwles they
fulfil in the building and potentially design using wadlvelopeddpersonas that may capture
potential interactions between occupants and building featuf@apatalLancaster & Tweed,
2017)

However, the present study argues that solely based on existing building user repaots or

database reviewswhich isthe case for thereferencedstudies- it is challenging to concludé&at

iKS RSaAdy AYRSSR ¢l a RSOSE2LISR T2NJ 0KS o0SySTAlG 27
users and uses. It may well be that the architectsrdietke provisions for a variety of users and

ways of use while thectual occupant behaviours stilate limited overlap with the projected

use, meaning the gap is @f qualitative nature. For the present thesis this suggests that a

thorough full understanohg of students inhabiting the accommodations is needed in order t

comprehend their environmentallgignificant building interactions, on one hand. On the other

KFIyRE AdG Aa Fftaz2 | OFfft G2 Ay@Saidal oéctot KS F NOKAGS
on the future, idiomatic use of the accommodations thegsign and potential idiosyncrasi@s

student occupant behaviour they foresee in their designs.

2.6.7Conclusion
It is often suggested that for sustainable buildings to function effectively mmge of
environmental impact and carbon footprint it is vital thifte buildings and its features aret
only designed with sustainability in mind but are also used sustainably. However, the literature
suggests that paradoxically, sustainable buildingsndb always ensure sustainable use. While
there could be several esons behind the unsustainable usésustainably designed buildings,

one prominent reason is believed to be linked to the architect itself. More specifically it is often

60



suggested thatarchitects, although intend to support sustainable use, often ladknced
understanding and therefe misinterpret occupant environmentally related behaviours and
sustainable building interactions in their designs, leading to the mismatch between thelatde

use and actual use and consequently to the unsustainableofisiee sustainable buildings. The
literature-informed fallacies identified in this section provided some possible explanations why
architects may be misinterpreting and predicting occupamtionmentally significant behaviours
differently from how occupats actually use the sustainable lidings. The lack of followp
studies on how the sustainable buildings are used, the design of overly complex and
uncomfortable systems, the lack of consiohg occupants as active agents with often irrational
and less coscious decisiomaking and the igorance of diversity among occupants were some of
the explanationspresented in thegpresentsection As logicahsthese explanations might sound, it

is immrtant to remember that they are mainly research speculations eatthan empirically
supported findings. Speculations, since none of the studies suggesting the plausible sounding
explanations on the provenance of the architectcupant gap consid&rR (G KS I NOK
intentions based on data collected frotfme arditects themselves. In this sentbese studies are
skewed since they only consider the occupant perspective and behaviour but are missing out the
gap. The contetion of this thesis is that it igot possible to know the real reasons behind the
mismatch without considering both perspectivelat of the architect andf the occupant. For
instance, i might well be that while common sense would dictate that theh#ect was not
versed enough to dggn for the real occupant comfort, the factual reason behind the mismatch is
2dzi AaARS I NODKAGSOGAQ 3SyOe | yR fs.06iadeefitycouldt A Sy
also be that talking about the intendeattual behaviour gap is not reasonabhnd legitimate if
architects did not have any intentions to support a specific behavioumady also be that
architects misinterpret what comfort meansrf occupants. However, even if that is the case,
without understarding the architect perspective, ifs not known how occupant comfort is
interpreted by architects and how that differs from the interpretations and comfort expectations
of occupants. Therefe, the thesis argues that in order to understand the nature asasons
behind the mismatch both pspectives, that of the architect andf the occupant must be

identified, evaluated and compared

2.7.Conclusion of the review and Research questions

The presat review finds that there is a solid theoretical aathpirical foundation to aspiring to
promote sistainable occupanbuilding interactions by architectural design of sustainable

accommodations However, when sustainable buildings including sustainabt®ramodations
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are assessed during use, occupant behawtoes not seem to be as environmentally stisable

as expected. While there might be several reasons behind the sustainabgityunsatisfactory

behavioural outcomes, one prominent explanation islt i F NOKA GSOGQa | aadzyLliAz2ya
sustainable aammodations and its integrated features affomdistainability related occupant
OSKIF@A2dzNJ ' yR dzaS Aa y20 Ay tAYyS gAGK 200dzLld yiaQ L
its features afford sustaable behaviour and use. With other words, it is asedrthat there is a

gap between the intended ah actual sustainable behaviour affordance of the sustainable

building. While this explanation might sound plausible, there are very few empirical studies

PNE GARAY 3 RSSLI AyaArAakKid 27T the SuStdimable/ iuilig alfd®dsO S LIG A 2 y &
sustainabledza S® CdzNI KSNY2NBEZ I NOKAGSOGAQ aadzvLiiazya | yR
sustainable building design are mainly speculated in the literatutherathan based on

I NOKAGSOGaQ SELINGB dnkeftins. linatheddOht#kiA & ySdstainabletudent

accommodations and their sustainable occupant behaviour affording qualities, empirical studies

2y 200dzLd yiaQ LISNOS LI A 2how the tivaNddtlapliagQiterallp neh y 1 Sy G A 2 y &
existent. The msent study comes to fill this knowledge gapdmswering the following research

questions:

9 How do occupants of sustainable student accommodations perceive the building affords

environmentally sustaindé behaviours and building interactions?

I How do archiécts of sustainable student accommodationsird to support sustainable

occupant behaviours and building interactions by their designs?

I How do occupant perceptions compare with architect intentionswanat are the good
practices and the opportunities tbetter afford environmentally sustainable opaunt

behaviour by the design of sustainable student accommodations?
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3. Research Methodology

3.1.0verall approach
Tobuild a consistent imagenchow sustainabletudent accommodations might afford sustainable
occuparn behaviours the research gathers data fromcoupantsand architects of sustainable
student accommodations across the UKie research consists of three main empirical research
strands and a fourth tep that interprets together the data gathered and thendwledge
developed in the three empirical stigs. The three empirical studiesnploy mixed qualitative
and quantitativemethods in order to ensure triangulation of the results ateddefine their
complementarinesgLorenzonget al,, 2007) The fourth studyanalytically canparesthe findings of
the three empirical studies. Below a short deription of each of the four studies wovided
Detailed descriptin of the methodologies employed in each study will be provided in the

individualchapters dedicated teach sudy.

The Occupant Interview Studyaims to answer the first reseeh question and explores young

I Rdzt G 200dzlI yi&aQ LISNOSLIIAZ2ZYya YR SELISNRASYOS
residences, the reported environmentally significant behavioacipons and interaction within

and with the accommodations, and theerceivedways the built environment helps or stands in

their way in adopting environmentally friendly behaviours and building interactions. The study
uses Grounded Theorabbreviated asST hereafter- as main qualitative research methodology

as it aimsto generate a theoretical understanding based on the data gathered from-semi
structured, indepth, faceto-face interviews. Additionally, diariesvisual materials and

observations of theite also consolidate the study as secondary data source.

The Occu@nt Survey Studyerifies quantitatively the theoretical understanding and the most
prominent findings of the Occupant Interview Studtyconseqently translates key inferences of
the Ocapant Interview Study namely how the physical, built environment dhe
accommodations might shape sustainable occupant behaviours and building interaatimna
questionnaire and usesntine survey as main datgeneration techniqueThe data is analgsl
quantitatively using descriptive and inferential statistiamderlining where the qualitative
theoretical inferences are supporteguantitatively, further increasing thevalidity of the study.

The results deveped by this studgontribute toansweingthe first research question.

The Architect Interview Studyaims toanswer the second research question and to understand

FNDKAGSOGEaQ AydSydAazya 6KSy RSAAIYAYI adadl

intentions include the support of sustainaliecupant behaviours and building interactioide
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study builds ondata from faceto-face, in-depth, semistructured interviewsperformed with
architectsof the selected accommodations as main datasejle it uses visual materials and
observations fromsite visits, and afaitectural project documentations where availabhs
secondary datasefThe study partially builds on Occupant Interview Studyasking sitespecific
questions that hd beenmaderelevantby occupantaccounts.The interview datas andysed with

Thematic Analysis abbreviated TA hereafter

Finally the Comparative analysidased on the results of ahree empirical studiesnentioned
above will be performed to providdegitimate answes for the last research question of the
thesis,and to explore the ways sustainable student accommodations migapesand support
sustainable occupant behaviours and building interactidiss exercise utiles the inferences of
Occupant Interview Study and compares that witle inferences ofArchitect Interview Study in
order to find good practices (overlaps) buts@a opportunities for improvement (gaps) in
supportingsustainablébehaviour of occupants by dgn. Additionally, it utilises the results of the
Occupant Survey Study to assess what aresignificant gaps and overlaps between occupant

perceptions and arhitect intentions

I. Occupantinterview Study

Il. Occupant Survey Study

[ll. Architect Interviews Study

IV. Comparative analgis andSynthesis

Figurel. Sequence of the studies

Figurel. shows the sequential organisation of the studiefhecurvedarrows signifywhere the

results of one studynform the subsequentinvestigation.

3.2.Investigated sites

To build a consistent image of how sustainable student accommodations might afford sustainable

behaviours the research gathers data from occupanésd architects of the same buildgs. For
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selecting accommodations with high sustainability indicators, the research defined as site

selection criterighavingthe following certifications:

BREEAM Excellent or Outstanding
Gold or Platinum LEED Certificate

Passrhaus standard

= =2 =4 =2

Energy Performnce Certificate Band A

Theresearch contactedifteen UK sites that complied with the predefined selection criteria. Out

of the contactedsites, four were successfulhgcruited (Figure2). All the retained sites had the
same sustainability certificates and had several building blocks functioning as accommodations.
Below more detdéed information on theparticipating #es and thebuildings accommodatedyb

the participating sites ipresented.

Tablel. Location,sustainabilitycertificationand capacityof building sample

Site Operator and location  Rating& Cert No. Sitecapacity

Mountain Halls = University of South = 75.1%Excellent 5 buildings, 476 beds
Wales, Treforest BREEAN)0448225

Daniel Defoe University of 73.1% Excellent 3 buildings blocks, 355 bed

Hall Greenwich, Greenwic BREEAN)039-1839

Peel Park University of Salfa 77.3% Excellent 8 building, 1367 beds

Quarter and CLV UK, Salford BREEAMO060-0403

Crome Court University of East 78.9%Excellent 1 building, 231 beds
Anglia, Norwich BREEAN0589069

Total 17 buildings, 2429 beds

Certification numbmes retrieved fromvww.greenbooklive.com

GTable 1. Location, sustainability certification and capacityof building sampl€ makes it
immediately noticeable that all for accommodations composed of 17 building bloicktotal are
BREEAM certified and no building feamther well-known sustainabilitycertification. A pasible
explanation for havingnly BREAM certified buildings in theampleis the high prevalence of
BREEAM certification in the UK, and the dramatically lowecuorence of other certification
methods. Fwever, having buildings with identical certificats increases the quality of the
invedigations by making thesample more homogeneous ariétely increags the validity of the
overall study. Homogeneity of theulidding sample is further underlined by the similarities in the
architectural style and appeance of the buildings and théayoutof these buildingsAll buildings
are composed of rectangular voles, accommodating several stories and a flat robie main
finishing materials inclugl wood, plaster, metal planting, and glass.Inside, the building
accommodatesimilar styleen-suite roans of 12-16 sqm grouped into apartmentsand a small

number ofstudio flats for undergraduate and postgraduate student igents Furthermore,the
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buildings also have similar sustainability supportive features andhiécal equipment For
instance, all ke buildings havd.EDlighting in the rooms,PIRmotion sensorsin kitchen and
communal areas, double glazedd partially openablevindows shading devices adjusted in the
exterior or interior of the windows, most ha trickle ventsfor natural ventilation adjusted on the
window frame CHP heatingystemwith adjustableradiator valvesor thermostatsin the roams,
stairs for sustainable vertical circulation and waste management and recycling facilities inside and
outside the flats. Some of the buildings e PIRmotion sensorsin the bathrooms, lowfllow
shower heads andaps, greywater recycling?VC panelgimbre structure,energy information
displays in the communal areas, sustainability symbols such as greendeetisative elements
raising awarenesand/or bicycle storagectivelysupporting sustainable transportan. 6Table2.
Sustainable design features by locatiblists the sustainability supportive design features known
to operatorsor noticed by the researcher on sitésits, including thelocation of the features

within the buildingand associated control type where applicable.
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Table2. Sustainable design features by location.

Site Design feature Location Control type

Mountain | LED lighng Across théuilding Manualin rooms and bathroomsAutomatic PIR sensor
Halls and Manual in Kitchens and living rooms

Double glazed windows Across the building

Partially openable windows Across the building Manual control

Window shadinglouversand blinds | Rooms and kitchens Manually controlled blackout blinds

Fixed louvers

CHP heating system Across théouilding Centrally controlled

Radiators valves Across the building Manual control by room

Waste sparation and Recycling Kitcher and communal areas outside of t Manual control

facilities building. Some rooms have retg bins.

Lowflow showerheads and taps Bathrooms Manual control

No elevator
Daniel LED lighting Across the buildig Manual in room and bathrooms
Defoe Automaic only (PIR sensor) in Kitchens and living roc
Hall Double glazewindows Across the building

Generous glazing

Kitchens

Moderate windows size

Rooms (to control overheating)

Partially openable windows

Acrosghe building

Manual control

External indow shading and blinds

Rooms and kitchens

Manually controlled lohds
Fixed exterior panels

CHP heating system

Across the building

Centrally controlled

Radiators thermostats and valves

Across the building

Manual control by room
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Waste separation ahrecycling

Kitchens andommunal areas outside of

facilities the building

Trickle vents On the window frame in student rooms | Manual control
Green area Courtyard

Cycle hub and cycle hire Courtyard

Bicycle®on the entrance ceiling

Main entrance

Peel Park| LED lights Across the building Manual in room
Quarter Automatic (PIR sensor) and Manual in Kitchens and |
rooms Automatic (PIR sensor) in bathrooms
Double glazed windows Across the building
Partially openable windows Accommodation Manualcontrol
Window shadingblinds Rooms and kitchens Shaftsfor exterior waste separation
CHP heating system Accommodation Centrally controlled
Radiators and thermostats Accommodation Manual control by rom
Waste separation and Recycling Kitchens and communal areas outside of
the building
Low flow showeheads and taps Bathroom Manual control
Energy information display Kitchen/living area
Communal entrance area
Crome LED lights Across the bilding Automatic (PIRensor) and Manuah Kitchens and livint
Court rooms Manual in rooms

Double glazed witows

Across the building

Generous glazing

Kitchen

Full height windows

Across the building

Partially openable windows

Across the building

Manual control

Window shading recess, pnels,
blinds

Across the building

Manual control over blinds in oons

CHP heating system

Across théuilding

Centrally controlled

Radiator valves

Rooms

Manual control by room

Trickle vents

Rooms

Manual control
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Greywater recycling

Energy informion display

Kitchen/living area

PVC panels

Rooftop

Living geen wall

Facade

Wall extract showing the CLT structu

Corridor

Safe bicycles stand

Next to the building
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Peel Park Quarter, Salford

Figure2. Participating sites.
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4. Occupant Interview 8tly

4.1.Introduction
The present study operthe line of enquiry that builds up this thesis. It is primaripneerned
with understanding environmentally significant occupant behaviours in sustainable
accommodations and the relationships the sustainably bphiysical environrant of the
accommodatia may have with the sustainability of occupant behaviours. Irlitbeature review,
it was found that although there are theories of behaviour that ascribe some agency to the built
environment over environmentallyignificant behawurs, how occupants beitve in sustainable
accommodations, why they behave the way they alad how their environmentally relevant
behaviours are shaped by the physical environment of the sustainable accommodations is largely
unexplored. Tl is especially bconcern consideringhiat buildings, even sustainably designed
buildings, have a majomipact on the environment, buildingse significantly contributes to that
impact, which in turn may be determined by the way the built environmengesigihed. Hencet
is of crucial imprtance to understand the relationship between the sustainableldiug and
sustainable occupant behaviours and the potenitiapactthe designed physicalenvironment of
the sustainable buildings have on those beloairs. This leadshe thesis to formulag its first

research question, which the present study aims tovears

How do occupants of sustainable student accommodations perceive the building affords

environmentally sustainable behaviours and building interamns?

As the research question indicateis the use of the wordafford<t, the study acknowledges that
the Theory of AffordancegGibson, 1977)and the desigrembraced concept of Perceived
Affordances (Norman, 2002) may be instrumental in understandng occupardbuilding
interactions. Howeer, the present investigation is concerned with buildings and occupant
building interactions while the emepts around Perceived Affordances were developed in the
context of artefact design and interactisnAdditionally, considering that the topic of ietest is
largely unexplored, the study takes an exploratory stance without imposing a predefined
theoretical framework. Hence, it remairteeoretically agnosti@and intends to develop and build

a theoreticd understanding from original, firshand occupantata.

The chapter will proceed towards the Methodologgction describing the methodological
consideratbns, sampling and participants, the data gathering protocol and the data analysis. This
will be folowed by tle detailed presentation of themajor inferencesin the Results section.

Finally, the chapter will end with concluding remarks captured in the IGsion section.
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4.2 .Methodology

4.2.1Methodological considerationssrounded Theory
Having visited the irature ard having found only partial and somewhatonclusive answers to
how sustainable behaviours may relate t@nd be swayed by sustainable buildingise study
starts from the premise that an opeminded exploratory investigation may aid finding a
consistentanswer to its question. While it acknéedges theories discussing the context driven
nature of environmentally significant behaviours and uses Theory of Affordances as the main
informing theory, it aims to allow the data to reveal potengadignifi@ant behaviours, actions and
interactionsg A 1 K2 dzi ySOSaalNAfte |RKSNAy3I (2 GKS AyTF2NNAy
through and beyond conjégre and preconception to exactly the underlying processes of what is
going on, so that professiorsatan inte@Sy S A G K O2y FARSHWIASy (@2 yKOSINY aNS & 2
(Glaser, 1978 in Calmag006) This aim resonates well with the path the qualitative research
methodology of GroundedhEory suggsts and leads the investigation to addprounded Theory
(Glaser & Strausd967) as its main investigation and analysis meth@d. is a weknown and
widely used, rigorous and systematic analytical methodology, ideal for the investigations of
actions and processes in theiortextual surroundings(Charmaz, 2006; Clarke, 201&)d for
YyagSNAY3I agKeé |yR K2g [jdzSadA2ya Niuestonsth& (2 KdzYly
frequently interest architects and designé(Bollo & Collins, 2017)urthermore, GT exhorts the
development of theories or theoretical understanding(s) from the data iisstead d anchoring
an investigation to a predafed theory or analytic concept, which w4itis the overdl stance of
the present study. Therefore, the present investigation adopts GT as main research methodology.
More specifically, it adopts the Charman versin or Constructivist Grounded Theory
(abbreviated as CGT hereaftdifharmaz, 2006\What really differentiates CGT from the other,
more objectivist or positivist approaches of GT is its claim that the knowlediging fom
research is c@onstructed (Mills et al., 2006) What this really means idhat the researcher
develops the codes, categoriesnd the theoretical understanding from the data, imbuedhwv
their own views, beliefs, preconceptions, or backgrounds whether disciplinary or otherwise,
rather than considering these analytical entitieseguivocal,present and ready to be extracted
from the data. This constructivist, also called ontologicadhativist, approach had already been
palpable in work of Strauss and Corbin, nevertheless Charmaz was the first who openly described
her method as @nstructivist Grounded TheorgMills et al., 2008p Ly / KI NX I 1T Q& @OAS6> 4K
study dosely embraces, it is the researcher who develops the knowledge ocdrdaditye by
interpreting participand Q | 0O02dzyia | yR KSyOS (KS NBFItAGe RS@St 2

influenced andpermeatedo & (G KS NBaSI NOKSNDa IsB mgansQratltiel OG SNA a G A C
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developeddreality€ is thought to be one of many rather than the imagined as an absoaabty

which resides within the data independent of the researcher and ready to be extracted.

There is a growing recognition of CGT as a reseasthad in built environment researcfllen

& Davey, 2018and it has been successfully applied in earlier architectural research investigating
meanings, perceptions and experiences 52 Yy | 2 KSIGf SeQa NBaSlHk!
interpretations of workplace design described in Architecti®asearch Method&Groat & Wang

2013) in studies investigating occupancy of affordable hougBab & Collins, 2012 Ay [ £ | N
thesis investigating perceptions of efriendly education and knowledge wmiges in the UK
(Clarke, 2013)in studies looking at the influence of design, operatiowl accupancy on power

plugs use in student residence halBollo & Collins, 2014 name but a fewThis suggestis

feasibilityfor the present study.

Use of dher exploratory research methogsvhere A y @S a G A 3| { ésgayliyirelfRod pr iy
defined opinions or notions was omitted mainly due totheir lessexplanabry and theory
generaton-lackingaspect For instarce, Interpretative Phenomenological Analysis veassidered

since it allovg in-depth explorations of personaind lived experiences and making sense of that
experience (Bryman, 2012)but was dismisseddue to its unsuitability for generating an
explanatory theoryEthnographic traditionare alsoinclined to produce descriptive result&roat

& Wang, 2013jather than develop theories with explanatory power

Theprimary data is gesrated through indepth, faceto-face, semistructuredinterviewswhich is

an ideal main data gathering technique for @idividualinterviewswere also selectedince the
mundane but sometimes abstract character of thepitg namely environmntally significant
behaviours require a method of rich data gen@va, where the researcher can prompt for more
relevant maters of interest and the participants can express themselves freely. Additionally,
understanding resident peeptions and experietes of acting and interacting with sustainable
student residences awell as the perceived impact of the sustainable environmam their

sustainable behaviours, also pointed into the direction edépth, faceto-face interviews.

Alternative data genertton methods were evaluated and eventually excluddgesource
metering, physical measurements, surveys or observations wemisked since these cannot
discover and explaiperceptions andvhy and how occupants behavAdditionally, okervations
were exalided since olserving participants in their privatenvironments possunsurmountable
privacy concernsFinally focus group inérviews were contemplated but dismissedfor two

reasons First group discussions obehaviours performed irmprivate environmentsmay be
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sensitive and may prevent participants from freely sharing their thougBé&tond it can be
assumed that in sustainabluniversity accommodations sustainabiiestyle may be the social
norm, potentiallyleading toresponse biaas occupants mayebinclined to report behaviourhey

think mayadhere to that norm

In order to facilitate the involvement of the young adult occupantgha research process,
additional data gathering methods were alsoptteyed similarly to Toth and their teaToth et
al.,, 2013)who aimed toengage teenagersiith their research. Given the invisibility of many
energy behaviours and practic€Both et al., 2013; Fischer, 2008; Darby, 2Q@formed in the
domestic ewvironment, and the potential difficulty for participants to explaiews on such an
abstract and intangibletopic, additional, secondary data gathering technigsievere also
employed by requestingarticipants to providediaries and photos before the intéews. These
materials were expected to help participants better @sate and conjure@ip memories regarding
their environmentaly affecting household behaviours, making the topics less abstract and more
familiar for the interviewees by the time of thet@rviews. Moreover, given that during the
interviews participants migt be biased by trying to give answetgey think are appealg to the
interviewer, alsoa kind of response bias, and as such their sefforts might not produce an
accurate deiction of their actual behaviours, the diaries and photos are expected to help the
participants to give anaount on their dajl environmentally relevant practices without hag
the researcher physically present, which might in turn reduce the urgertgoty with the thought
expectations of the interviewer. Besides the aim to aid the interviewees in revehbirgealities
during the interview process, the secondary datacams to help the researcher in getting
Ayairdakid 2 yphysitaNsavbrinkntkhgirdaydroutines and in preparing with bespoke
questions in case the topics would be too difftaar too abstract b relate to for the participants.
Finally, the econdary data is expected to consolidate the findings surfaced from the ievesvi
and to be analysed together with the interview da2espte the important roleof the secondary
data, it was expected that mly some participantsvould provide photos or daries.For the cases
where photos and diaries would be missifigm a given paicipant but would be provided by
another participant residentof the same site,the researcher would reusehé available
photographicand diarydata to create location speciffromptsthat can be used in all interviews
of the same siteThis way, nohaving secondary datdrom a participant would not diminish the

value oftheir interview.
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4.2.2Participants
Particpants were sampledrém four, highly sustainable, pigelected student accommodations
across the UK. The participation criteria requested the aatds to be residents of the
respective sustainable student accommodations. Recruitment was perforinedlispgaying
invitation posters in the communal areas of the selected student residences, by advertising the
study on the social media platforms providbg the participating universities, and by contacting
participants through email. Participants contedt viaemails or other soal media platforms
received reduced number of electronic invitations. All participants were contacted indirectly,
through the Uhiversity they were attending or through the Accommodation Services of each site.
Snowball sampling vgaalsoused byencouragingparticipants to bring to the interview a friend
who lives in the same residence, since this allowed the researcher to idemtintial

participants with similar living conditions and to invite them to participate in the study.

In total, twenty (n=20) fae-to-face, inrdepth, semistructured interviews were conducted with
students living in the accommodations from four sites. The 6 TaBle3.6Details onoccupant
sampleé¢  lawSshows the samplef participants from the selected student accommodatiofise
number of participants has not been predefined at the beginmihthe sampling but has surfaced
from theoretical sampling, characteristic to Grounded Theory. Theoretgaahpling states that
data should be gathered until no new theoretically significant data arises that could feed the

theoretical direction.

Table3. Details oroccupant sample.

Site Building No of Gender Origin
characteristics participants distribution
Mountain 5 buildings 5 2 females 2 UK
Halls 476 beds 3 males 3 Overseas
Daniel 3 buildings 3 0 females 3 UK
Defoe Hall = 355 beds 3 males 0 Overseas
Peel Park 8 building 7 3 females 5 UK
Quarter 1367 beds 4 males 2 Overseas
Crome 1 building 5 2 females 0 UK
Cout 231 eds 3 males 5 Overseas
Total 17 building 20 7 females 10 UK
2429 beds 13 males 10 Overseas

In other words, theoreticalsaturation is reached when the new data does not add any significant
knowledge to the topi®f interest. In thepresent study, theoretical saturation meant that the
latest set of occupant interviewsdid not reveal any significantly new d¢wledge on how
occupant perceive the sustainable accommodations shape sustainable behavioungdmated
thesamep G GSNY & Fa GKS LI NLAOALIYyGaQ | OO02dzyda FI
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4.2.3The data gathering protocol
The primary data was generated thrdugn-depth, faceto-face, semistructured interviews. The
interview process was aided by an interview schedule which guided rather than dictaged th
discussion. Thechedule evolved during the interview process, a technique specific for CGT. This
means thawhile at the begining the questions were broader and more inclusive since there was
very little knowledge on the topic of the study, later a® tkhowledge was @leloping based on

the already performed interviews, the questions became more specific.

The evolving researctschedule, whether in its early or later stage, contained oeprded
questions allowing participants to freely reveal their pptions and expeences of living in and
interacting with their sustainable accommodations. The interviewsewsnstructed aroud the

following main topics:

i The meaning and experience of moving into and living in energy efficient student
accommodations- which served asan introductory topic for participants to help them
recollect how they selected and first eountered the accomiwdations and what their day
to-day life was like in theiinew home;

9 Occupantperceptions and experiences on the physical emviment of the accommodations
¢ by these topics, participants were encouraged to reveal how they experiethesdisible
and tangble but also invisible or intangible qualities of the space sasilghts ard air quality,
or temperatures respectively.

1 The environmentally significant behaviours and practices performed in the sustainable
student residences where participants were eaouraged to discusthose mundane, dayo-
day behaviours within the accommdations that may have been significant sustaitigbi
wise;

1 The perceived influence of the sustainably built physical environment on environmentally
significant behaviours of ocapants - where occupants could gotimdetails about how they
perceived the sstainable buildings and its features might helphinder them in acting and

interacting with the building in environmentally sustainable manner;

The main tojrs were complement with subtopics and prompts to elicit rich responses, and
help participants eveal their thoughts when a question may be tdustact for the participants.
The interviewer navigated across the topics and subtopics and sometimes chidwggecter or
the cantent of questions as seen fit. However, considerable attention was givemctoding all
the main topics in each interviewnd to asking all the main questions from each participant with

the final aim of making the results comparabighin and acrossolcations and interviews. The
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interviews also used indirect questions occasibné help participants express what they felt
ayR YAGATIIGS NB&EaLRYyaS o0Alad ¢KS AYyRANBOG | dz
living inthe sa8 | 002 YY 2 ROWKSAYNIQF MINSY R&aQ O2dzZA R ©S
sustainable accommodians. The interview schedule is included in th&ppendix10.2 of this

thesis.

The interviews were conducted during site visits organized in February, MAmfi, and
November 216. All interviews took place in quiet and comfortable places, near the studied
environments, usually in communal but trangldications on the campus. Paipants were
informed about the aim of the study, about what the interviewdahand about theirights as
participants, via the poster and/or email invitation they had previously received. However, before
the interviews, he researcher briefly descrideagain the aim of the research and provided the
participants with the Informabn Sheet and the @ment Form. The researcher asked participants
to read the Information Sheet and the Consent Form and, if they had no furthestigas, sign

the Consent FormAll participants reported to understand the aim of the study and their raght
participants andsigned the Consent Form. To ease participants before the interview, they were
asked to choose pseudonyms for themselves if theshed so. This was meantbe a playful way

of creating a good rapport between the interviewer and theemiewees. The selesd
pseudonyms were used later for reportitige recounts in anonymous, unidentifiable form. The
names of those who decided nai ask for pseudonyms weresal anonymized with pseudonyms
chosen by the researcher. The result section ubesgpseudonyms whereproducing participant
recounts, together with an abbreviated name of the site where the data has been collected.
Hence, eaclyuotations of participants & LINB O SOR0SIRY SoX&! oNE G A | .(Fiaaly, A G S
participants were asked taomplete a demograph questionnaire composed of ten questions
focusing on general information such as age, gender, length of stay in the sufgainab
accommodation and type ofesidence. The demographic questionnaire also prompted for
student awareness orthe sustainability ating of their accommodations. The information
gathered helped the researcher put findings in context. The discussions lastecgdn 40
minutes and one houwith many participants explicitly stating that they enjoyed the interviews.
The collected data watape recorded, with the written consent of respondents, and transcribed

word-by-word.

Although all interviews provided usefdata, some were more tellindhan others. While the first
set of interviews were more informativand exploatory, the late interviews were more

confirmatory on the developing theoretical understandimgtially indicated by the first set of
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interviews, in accordance with the princigs of CGT. Also, some interviews, even within a set,
were richer, more tellingand more nuanced tn others. This depended on how talkative
participants were, how willing they were &hare their experiencesn the accommodaibns from

a sustainability pespective,and on the rapport the researcher managed tmwild with the
participant. Nevertheless, &linterviews added to the developing knowledge base, and provided

consistentandvalid data for the present study.

The generabn of interview data was ded and complemented by diaries written by participants
and by photos taken by picipants. The stueints were asked to describe their actions performed

in the student accommodations, which they thought might had impacted onetingronment.
They were alsasked to take photos on the same subject. Participants were encouraged to
expres themselves freelyhile writing about what actions they performed in their residences,
about how they performed those actions and about why tipeyformed the actions the wathey
performed them. Students were asked to confirm they understood what treey to write and
when they had any questions the researcher provided further guidance about how to approach
diary writing. Participants were asked write only short notes otheir daily actions, using a
guiding word count of 100 words per day. This wasessary since longeliaries might have had
been found laborious by students, possibly leading to more reduced participation rates. However,
there was no imposed upper limitrothe length of the diary, nor was there any restriction on the
format or style @ the diary. Thus,he participants were free to write the diaries on paper, on their
computer or on their phones. The free style of the contend &wrmat of the diaries wasxpected

to motivate participants to get involved with the studied topic, andntake the activity agasy

and frictionless as possible. The sole stipulation was to send in the entries one day before the
interviews the latest, @ the researcher would haviead enough time to read the entries and to
prepare with bespoke questions if ampriate. The bespokguestions were important to make

the interviews more specific and tailored, hence more personal, potentially helping the
participants in eliciting rich ponses. Furthermore, diaries were also expected to help focus
LJ- NIi A O A hilbryoii theCreldtielyialstract topic of environment affecting behaviours and to
be more fluent during the interview. The expectations proved trigihce the participants latr
confirmed the facilitating nature of the exercise, by stating the diary vgitielped them reali&

what mundane actions they performed and made them think more about how that might have
impacted on the environment. There wasjually feedback from studds mentioning they
enjoyed writing the short diary entries. In total, 9 parti@s provided diarie and 10 provided
photos pertinent to their accommodations. The additional material were also a useful support for

the interviews in the sense that it helpd interpret some of the statements from the interviews
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and were includedn the analysed text as parof participant recounts of their actions. The
photographic data provided by the participants was used to develop insighthenphysical
context of which the participants spoke. It helped construct a more complete image of how
student flats were from theoccupant perspective, of the way students might have used those
spaces, and helped relate to how they might have fel amd experienced those environnms.

Therefore, the diary entrieswhere provided from an integral part of th@analyses.

4.2.4Data gatlering and analysis cycles
The present research gathered and analydleel datain iterative, cyclical mannein line with GT
with each of the foussites providng one set of data and each sispecific datasebeingcollected
and anaysed in one effort.The gathered data and its preliminary analysis from the first site,
which was Mountain Halls, suggested a preliminary theoaétdirection but alsoguided and
shaped the interview schedule for the second site, Daniel Defoe Hall, m#iéngnterview
questions more honed and more specific to the developing theoretical direction. After the
interviews from the second site had beeollected and analysedhe findings relevant for the
developing theoretical idea had been evaluated and iraégd into the devedping theoretical
understanding. As such, by comparing the findings from the second dataset with the findings from
the first ddaset, the theoreticaldirection suggested by the first dataset has been updated and
refined. Additionally,yst as in the previas case, the second data analysis enabled the researcher
to ask even more specific questions on the studied phenomena in theeguent data gatherin
sessions. Therefore, the interviews performed on the third site, Peel Park Quantrihe
questions coantituting the interview schedule and guiding the interviews became even more
focused on the developing theoretical understarglithan in the previousstages of data
gathering. Thus, the theoretical understanding and the interview pmcest as the spditities
of the questions from the interview schedule were constantly evolving. It is important to note
that this does not meathat the interview shedule had been changed to a degree that different
questions had been asked from therpeipants of diffeent sites. Instead, it gradually evolved in
the sense that the questions were still the same but while some came more in doclisient
deeper, as iseemed to be more relevant for the context of the study, others, which during the
course of the interviewgproved to be less relevant for the studied setting became nsilent
The same principle was applied for the fourth site,r@ecCourt, as well. Gaw that in the fourth
RFEGE JFTGKSNAY3I aSaaizy LI Nfitadtly baw findigthat cOudi2 dzy (
add to the developed theoretical understanding, theoretical saturation had been reached, also
called thedsaturaion of the theoreticalconcept (Charmaz, 200&ignalling the end of theala

gathering proces.
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An example for the abovmentioned refinement of questions aiming to support the emerging
theoretical direction can be gin as follows. In thinterviews of the first site, Mountain Halls, the
FylFfeaAra 2F (KSsradkaldithehend ngeil fohavin@bieadygyhirooms and
the reaction the lack of privacy elicits namely, to close the blinds and to turnefights. After

this phenomenon was surfaced as something potentially specific for the context of student
acommodations, the resarcher focused more on this area during the interviews on the second
site, Daniel Defoe Hall, by prompting more deeply on fmmeupants sense theimoom affords
privacy and what are the related mechanisms and reactions to that sensdflee second site
data analysis revealed that although this might be a prevalent pattern in student accommodation,
it might also be driven by théloor level students eside on, the perceived visibility from the
adjacent building blocks and the distancé the sidewalks fromthe building. The same
assumption was further supported by the results of the interview analysis from the third site, Peel

Pak Quarter and the fouh site, Crome Court.
4.2.5Data analysis process

1 34853aAy3 GKS NBASIFNODKSNBEQ AyFtdsSyoSs

Before embarking in the ata analysis process, the researchén line with CGTF acknowledged

the influence the researcher likely has on the data gsial and invested tismand effort to assess
and evaluate what they personally brought to the data analydixe specifically,lie researcher
reflected upon how their views, beliefs and experiences on the topic of interest but also on the
momentary percefions and experiencefrmed during the site visits of the accommodations and
how those factors could poterglly influence the kowledge to be developed. This has been
noted in journal entries written during the esite visits undertaken for data gathegnEven
though the jounal entries were only discussions with the self, these personal journals helped the
researcher to stay amdependent and objective as possible, and to remain open to what the data

tells and suggest rather than imposing the researahen views and thougk on the data.

For instance, one of the early journals describe the reseafeBieglings and impressionsom a
studied accommodation during her first visits. It tells that the researcher felt the place very calm
and peaceful, andhat the campus accomadating the studied buildings felt very safe and
secure. The researcher also noticeatlstudents seemed ndisturbed in their activities in their
rooms. However, after interviewing the occupants of the same accommodation arehding

the thoughts scribled in the personal journal, it instantly occurred to the researcher that being

inside the rooms might feelcompletely different thanhow it appeared from theoutside and
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helped the researcher realize that the occupants actuallygsfied with using theirooms in an

undisturbed manner.

Familiarization and Initial Coding

Once the interviewswere transcribed, he researcher further familiarized with the data by
reading the transcripts multiple times in order to get a sense of whatttates the data, whais
happening in the data, and what does that mean in the context of the study. Tkisollawed by
line-by-line coding of the transcripts, where the content of each line of text or phrase relevant for
the studied phenomena was lalbedl with an Initial Cde. Although this task was tedious and
time-consuming, it proved to be useful since gtevented the reseather from taking the

LI NOAOALI yGaQ | O02dzyia FT2NJ ANIXyiSR olFaSR 2y
the questioning of each assaption, hence ensuring that the researcher remained open to the
data, ready to see thauances in the datalhis also helped the researcher to be critical with the
data, to generate new areas of enquiry and enabled the identificaiidhe gaps and the rasing
elements in the data, which was then integrated in the subsequent intervievigl I8bdes in this
study, and in general in GT, are relatively simple and short notes referring to an action rather than
a topic and more descripte in nature rather tan interpretative. By Initial Codes, the researcher
stays close to the data, and wherig adequate presees the original language of the participants
usingIn VivoCodegCharmaz, 2006 Table40. Initial coding in the Appendixshows an example

of the Initial Codes developeddm transcripts.

Memo writing

Initial Coding, once performed on all intervigmanscripts from one location, was followed byeth
writing of free style, informal, analytic journals also called Memos in GT. Memos played a
significant rolein initiating analyic thinking on the Initial Codes, their relationship to each other
and to theR I (i Faldle4 Xt Early memo snipp&tshows a fragment of a Memo written after the
initial coding of inteview data gatheredrom the first sie, Mountain Halls. The letters in brackets

are placeholders for participant names to protect their anonymity.

Focus Coding

This style of analysis, exemplified above, allowed the researcher to raise the Initial Codes at
higher analytic lesl by deciding onvhich Initial Codes make most analytic sense, reveal a pattern
or hint toward a gap in the data or in the éirof questioning. This process, which can also be
conceived agxoding the Initial Codés paved the way fothe development of &cus Codes.
While Memos greatly helped the development of Focus Codes, these codes were not explicitly

identified in the Memosgut on the interview, transcripts, just as in the case of the initial coding.
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More specifically, identifyinthe Focus Codes iried going througtthe initially coded interview
transcripts and recoding the Initial Codes. Focus Codes incorporate morepirgtation of the
occupant recounts and of the processes and phenomena that seem to be central to the study
than the Initial Code hence have a ¢iner analytic valuedTable42. Focus Codidg a K2 g a

fragmentof process.

Developing categories

Following the identification and marking of Focusd€s on the interview fanscript, the
reseacher wrote further analytic Memos that investigated the relationships between Focus
Codes but also looked at the relationshigtlveen Focus Codes and Initial Codes and Initial Codes
and the data to see how the mdy developed Focus Cosléit the data. Thisvas in line with the
constant comparative nature of GCharmaz, 2006; Groat & Wang, 2Q13jrable43. Memo
snippek from the Appendixshows an extract oA more developed Mmo analytically discussing

and interpreting the relationships between the Focus Codes and comparing those to Initial Codes

and to the data is presented

Category: Dayme light use inoccupantrooms.

@bcategory: (Subcategory: A [Subcategory: \

Features Needs Behaviours

Turning

i Visual
Building lights on

size privacy
Closing
Orientation blinds

Room
Window Decent ;
daylight Open
Pahway 4 blinds
distance

Floor level Glare Using
discomfort daylight

Figure3. Emerging categories drtheir relationships based on presented interview snippet and memo.
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The constant analytic journal writing process helped further develop the FoadssGowards
nascentSubCategories and Categories. At this point clustering also helped the development of
Subcategories and CategogeClusterig is a process aiding and fostering the analysis by creating
an image which makes the connections between -8atiegories and Catgries more visible.
Figure3. shows the developed Swtategories, their complex relationshipitv each other and

how all the Sulkzategories together support the Category of light use behaviours in studem.

Similar tolight use in student rooms, a number of additional Categories have been identified
during the analysis, all following a simijgattern and having as Swdategories a set of specific
Features, Occupant Needs and Behaviour. The Catsga#éeh encompassiy a phenomenon or
set of environmentallysignificant occupant behaviours (ESB)were found to be somewhat
different based on \wether they were concerned with specific interactions with specific elements
or features of the sustainablecaommodationsalso called Detailed affordance@viaier et al.,
2009) or with overall interaction with the building as a whole entigiso called Highevel
affordances (Maier et al., 2009) and delimited the two Main CategorieBinally, these Main
Categories structured around the interactiongth the sustainale accommodatin overall, and

the specific interactions with specific elements and features of the sustainable accommodation,
with the encompassing Categories and reoccurring patterns ofc&tdgory relationships, hinted
towards the firal Theoretical Cendlity and Uneérstanding. To aid visualisation, the Theoretical
Centrality and the Main Categories with related Categories aubic8tegories underwent
clustering resulting irFigure4. The process of indl codingand focuscoding, memowriting,
clustering and the development of swuategories, categories and main categories described
above has bee performed for each set of interviews and merged across setstefviews. This
means that the interview da collected from tle first locaton has been analysed first and in one
effort, followed by similar types of analysis of the interviews from theosd, the third and finally
the fourth location. This evolving nae of data gathering and data analysis sfie for GT
enabledthe researchr to revisit, refine and extend the tentative categories developed in the first
set of data analysis, directindpeé research questions, the data to be gathered and subsequent
analsis in a more relevant direction for thenerging analytic isges. Since th results of the
analysis of the last set of interviews echoed the findings of the previously analysed dathsets, t
interviewing process and the subsequent analysis of the datppstd with the fourth interview

set and the20™ interview.

The interview cata was further supplemented by diarigsovided bythe participants. Although

the interviews were the prim@ data source in the present research, diaries on environmentally
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affecting actions performed in the accomuhtions includingparticipant-made photos, site
observations andesearcheimadephoto documentations from site visits consolidated and hence
strengthened the study by supporting or complementing parts of the interview data. However,
the diaries were not @ded independently bt were addedto the interview transcript as
responses and aed in the interview transcriptGiven thatnot all participantsprovided diaries

the fusion of the diaries with the interview data was performed only in cases where dieiks
been provided.In cases wheresecondary data was not provided by a participaprompts
prepared before the interviews from locatiospecificsecondary data of coesiding participants,

provedhelpfulin generatingrich and valid interview data.

Main Category Highlevel affordances

Choosing the Leaving from the Becoming more
sustainable halls. sustainable halls. sustainable.

[ Theory. Sustainable ilding- Occupant Need ESB ]

Main Category Detailed affordances

Light use Light use in Cooking & shared|| Heating & X
in rooms living areas resource use Ventilation

—_—

——

Category: Daytime lightuse in occupant rooms.

s Vs
ab-wtegory: Sub-category: R Sub-category: \

Features Needs Behaviours

Visual Turning
privacy lights on

I Decent .

daylight

=
distance
Floor level Glare
discomfort

Figure4.Final clustering.
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4.3.Results
The presat section preents the results of the analysis of twenty (n=20) faméace, indepth,

semistructured interviews performed ith undergraduate and postgraduate students living in
four sustainable university accommodatiofidm acrossthe UK. The study westigates how
occupants of sustainable accommodations perceive their environmentally relevant behaviour may

be swayed or affated by the physical environment of the building

The findings cover two major topickeveloped analytically high-level affordames and detagd
affordances(Maier et al., 2009)of the sustainable accomaaations.High level affordanceare
further divided in expe@d highlevel afforcances and perived highlevel affordancesExpected
hight S@St | TF2NRI yO0Sa NBLINE a Ssglécting e Gdzhdtimpdatioss S E
and are of interest for the y@sent studysince selecting the sustainable accommodation rhay
consideredthe ery first environmentally positive act occupants perform in relation to the
sustainable accommodations. Perceivedtievel afordances(Maier et al., 2009)capture the
overall meanings occupants associate to their accommodations which in turn may relate to
environmentalattitudes and behaviours of occupants. Finally, the smttpresentsextensively
findings related to perceived detailed level affordan@s®l highlights how the building via its
physical characteristics and features is perceived by occupants to be skeapiryglay lehaviours

and building interactions with an eim@nmentallysignificant character.

Theaboveconcepts will be described and interpreted in detail in the coming sections while also
showing how they point towarda newly developedheoreticd understandingwith which the

present sectiorconcludes.
4.3.1High level affordances and sustainable behaviour

43.1.1. Expected higlevel affordances and sustainable choice
The first environmentally sustainable action occupants perform related to sustainable
accommodtions may be ansidered the selection of the caommodations. In order to
understand how occupants decide to select living in a sustainable accommodation, the study
prompted occupants to discuss their reasons of selecting their residences. Their recthomts a
extractionof a set of criteria they applywhen selecting the accommodations. These criteria may
also be considered as the hitgvel affordances accommodations are expected to offer for
making themselves more inviting and appealing to residentsmitaly, sustaimbly designed
residences with god occupancy rates are also economically sustainable hence the occupant
behaviour of selecting the sustainable accommodation is an act that also supports economic

sustainability of sustainable design.
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Occupa sdection crteria of their future accommodat2 ya A & adzYYl NFabhleBR o0& GKS
Selection criteria ofustainable accommodatiorts. | & RA & Odz& & S RchAiligtinctisk S 02y (1 SE
where data gathering took pte. After merging the selection criteria of participants from all

studied accommodations, the below final list emerges:

I modern appearance
T novelty
1 comfort
1 natural lights
I privacy
1 safety and security
I proximity to other univergy buildings
I proximity to publc transport
1 ecofriendliness
9 positive first experience on open day visits
Table4. Selection criteria afustainable accommodations.
Mountains Halls Pell Park Quarter
i stylishness 1 novelty and modern character
I comfort 1 stylishness
1 safety and seaity 1 safety and security
9 proximityto other university buildings 1 experience of open days
1 proximity to other univeiigy buildings
I proximity of public transport to city centre
Daniel Defoe Hall Crome Court
i aesthetic quaties 1 privacy
% novelty 1 novelty
9 being the first ocupant 1 aesthetic qualities
1 natural lights 1 ecofriendly
9 proximity to other university buildings

Since the study did not investigate the hierarchy of these selection criterimelt dot assume
which criteria takes precedena®ver the other. Therefore, the list can be considered only as an
enumeration rather than rpresenting any kind of relationships between these criteria.
Nevertheless, by considering the number of occurrencesauh criterionfrom the list in the
student recounts, an order could be established to suggest popularity of a criterion. However,
such a ordered list would have to be verified statistically, using a much larger sample size than

the present, qualitativelata set provi@s.

An important aspect the gadred data and the extracted list with expected higlrel affordances
reveal is that, in sarch for their newéhomeg, students very rarely consider the sustainable
character of their future accommodations. $his presumablycaused by the fact that, most

students have no knowledge whatsoever on the sustainability profile of the university reside
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they are about to select, presumption also supported by the demographic questionnaire asking
students to fill in he energy ratil 2 F (G KSA NJ K lodnts alsb supda thdRl&c 6fa Q

knowledge of sustainability rating of the accommodationghattime of residence selection.

0{A2yS¥Xaluv aL NBlIffe RARYQl 1y2e¢ (22 Yd
accanmodations andhen Mountain Hallisthe nic&y S L adzlJll2&aSX L RA
a sustainable accommodation at first, but | supphsé A & lj dzA G S A YLI2 NI |
Those few who used the sustainability of the building as a selection criterion have invieséed t
into reseaching the sustainability aspectsf their accommodations and had strong pro

environmental views.

Oal NA2y X/ / 0 slklookidglfax the2cheddest dption to begin with, but when |
researched the accommodations, | think Crome Court aathar residene | think they
were... like ..in general the idea of it being edaendly | got interested because I'm
interested (as &ustainability Masters student), so it was like a bit like living in a cool
place you know ... | didn't choose thisray second cliee or my first choice becaudaet
first choice was the cheapest one, but it was not that cheap, but when | got thisdraftea
my first choice, | was instead of changing | was more than happy because it was a good
O2YOAYlFGA2Yy dé

The fact thafuture occupats are in general unaware ofdhsustainable character of the building

and that only those with a vested interest in sustbility after doing research may find out about

it suggestghat the information on sustainability of the buildingay not be highighted for future

occupants athe time of selection.

l RRAGAZ2YyFEtE@Y al NA2yQa | 002 dzfidant sekediich crdefiod o K :
future occupants while they are assessing and evaluating potential accommodationsvétpwe
none of the studied sustainable accommodtais may claim to be the most affordable option.
Despite the potentially deterring effectf @igher costs, future occupants still mark the sustainable
accommodation as one of their top choices. It can be adghat the seletion criteria identified

in this study are those that prompt occupants to put down the sustainable accommodations as
one d their top choices or as their top choice, even if the sustainable accommodations may be
more expensive. Thereforefrong supportof the selection criteria identiéd in the study may

sustain the success of sustainably designed accommaodations.

(Harry@DDH X L NBlFffte gl yiSR G2 32 GKSNB 06SOl
can help your studies and generally kea you feel bette..so... even though it was
considerably more expensive than the other ones, | just wanted to see what it would be
ftA1SX¢
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Conclusion

The above investigations reveal that studemicupants chose their accommodations based on a
variety of selection criteriasuch as comfort, novelty, athetic qualities, safety and security,
privacy, proximity to points of interest, natural ligh experience of open day events and
sometimes ecdriendliness. These qualities can also be conceptualized adenigl affordance
expected from the buildindgpy future occupantslt can be hypothesised that where the studied
sustainable buildings areepceived by potential occupants to comply with these criteria, they may
be inclined to put down the sustainable klling as the top lsoice or one of the top choss. Even

if their choice may nobe primarily motivated by preenvironmental attitudes, the & of choosing

to live in the sustainable accommodation makes the occupants contribute to environmental
sustainabity since these hildings may have a more resme considerate operation partially due
to incorporated technologies and sustainable architeat design features. Additionally, the act
of choosing the sustainable accommodation also means revenue for ttenacodation which
contributes to the economic iability of environmentally aware accommodations. Finally, the
identified selection criteriag except the experience of open day eventare concepts akin to
hightlevel affordances and may be workable desigief elements inreatlife architectural

projects, making the present findings highly relevant for industry as well.
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4.3.1.2. Perceivetiigh-levelaffordances and sustainable behaviour
Once occupants move into their new accommodations, they start discovering teav
environment and look to validate the settion criteria they applied when selecting the
accommodations. Their recounts of living irethccommodations commonly associate their new

residence with novelty, comfort, safety, security, and a positivéletie appreciatio.

O1 F NNBEX/ /0 dXtRagaX d&ESfoL NBIffe tA1S Al

Oal NA2Yy X/ / 0 d&acokriodaidn & felt relafively comfortable, the kitchen

was very big which was quite comforting and there wdstadf space in th kitchen as

gStt oodé

(Suzan@ / 0 GXGKSNB FINB // ¢+ SOSNEBGKSNB>X (KSN

security pd y 0> &2dz OFyy24G F0O00Saa G4KS 1+ttt 27F

al ¥FSX AT L ¢ yielcinfortaBle, teie 25 novode canSigtess theb & & €
Beyond validating their initial selection criteria, occupants start developing |doaials in their

new residences, hence the residence is a place that gains a socialmgtjportive dimension:

(AY R& ¥t t v 0 ustwent tb Biffetent Bartiegin the hall), made friends, get to know
other people, made acquaintances, it was @dod, basically, the first week, the first
O2dzZLJt S 2F ¢SS{1a oSNB 2dzad | o2dzi LI NIASaxé
OW2KyXal v aX { 2 Osverf hice mavingid theAlsf, Jou kduld e a
1AUOKSY SY@ANRYYSY(l 6KSNB &2dz Oy aami vy
0KS I O02YY2RI GA2Y XE

For some occupants, the social ties developed in the building become the primary significance of

what being inthe building offers to them:

(Suzafal 0 & X{2 6KIFG YIF18a GKS o6dAfRAYI AYL
peoplew2 &2dz ft APS GAUKDDDE

Some participants while appraising the furnishing of their accommodations associate the

accommodatiorwith a sense of hme, they feel homey in the stainable residence:

OWF O1 %5510 dadddecKS a2NI 27T WhieNd yoa kodwiery A a
comforting and nice and that for me is just very homey and nice and very efficient, I like
that...€

01 I NNE X 5s5all whitedagddiinimalish X L NBFfte fA1S GKI
need to cover my wallsin lotof things2 Y I {S YS F¥SSt tA1S K2YS

Interestingly, there are also occupants who perceive their new residence allows them @ live

healthier life fcilitated by design featuresich as the green surroundings or stairs.
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6al NNEXttvDO a¢KS Sy @doddrikeyafoydieen2sdzjod lkerally liked @S NJ
FNB Ay | FTNBaK SYyBANRYYSyld SOSNEBEwaMboNgy AyIZ &2dz :
outsRS (2 R2 SE SN aNHzyX eNeRddzyCOR' XA 22 A1 Qa OSNBE yAOSé

6 { dzl I y Xthanks théreis no lift because | wougdt fat..¢ | X RG KA A A& y20KAy3
ONBFSNNAY3I G2 Ot AYOAY3I a&dFANRO Xe2diciedzald O2y OAY
X¢

Being athome in their residence callabout notions of freedom, which was mainly mentioned

within the context of discussingbout comfort. While for some residents, sense of freedom was

reflected in being able to personalize their rooms, or ®@fprm activitiesfreely, for others

freedom hal the connotation of being free from following common rules and conventions valid in

the outside world.
62l &yS¥Xttvy aL NBFrfte R2 tA1S (2 KIFI@S Yé& 24y a
wake up at 3 am ath check up and dsome work, then | can work$hy = & S| K X ¢
(Suzan@MH§ . SOF dzaS ¢KSy L 32 K2YS3I X FKYXX FTNBSR2YXe
K2g R2 &2dz Ottt G(GKAADPDPD NBAGNAROGA2Y X SEI Ot &X
talking about comfortable, wén you just wear® dzNJ LI 2 Y I X KMBX @ Ag/KRSy2 F 02 Y
82dz GIF1S @2dzNJ aK2Sa 2FFXGKAA {AYR 2F O2Y7T2NIoé

Privacy remains an importanspect of living in the accommodations just as it was an important

criterion for selecting the accommodation in the firdape:

(Nadya@MH)a L N&llyflikedo be NA G G ST y2 2yS OFYy RA&GdZND Y
YSIyidxé
Privacy emerges as an even morepartant factor when the environment does not allow it. In
cases where student flats undergo frequent verification by ttadf sresidents fel their privacy is
invaded,and associate the accommodations with an environment that lacks privacy.
( yR&EXttv0 aX.laiaoltte GKS& OFy SyGSNJ 22dzNJ NR2Y
NBIFfte fA1S GKIGXaz2 risbuitteivhodeO O Y2 R ISHiAxRay Xaé & 02
Andy revealghat privacy concerns are powerful enough of a driver for occupants toidens

leaving the residences altogether:

6l yReEXttvo ax{2 GKA& Ad Iy Ay@larzy 2F &2dNJ LIND
reason why some pe6pS 6 K2 &0 & oK NS A 20 Kadidk eR2K/SINE Yy SEG &S|

This may also mean that in case occupants gigectheir privacy is diminished to unacceptable
levels, the sustainable accommodation occupancy rate may be reduced. And justhas hig

occupancy ratesnean more numerous studentwing in sustainable accommodations which may
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have more moderate impact oresource use and the environment than conventional buildings,
lower occupancy rates mean more students living in potentially more ureso intensive
acommodations with higher envnmental impact. The privacy concerns revealed in participant
recounts may b less workable in an architectural context since architects do not have agency
over how the accommodations are run by the accommautaprovider. Howeer, the findings on
privacyconcerns may be of use for universities and accommodation providers lotukigxgsure

good occupancy rates in sustainable accommodations and may guide them in limiting privacy

obtrusive procedures.

Finally, tle study reveals enronmentally potentially sigificant associations occupants make with
the appearance of the sustainablccommodations. As mentioned in the previous section,
¢4.3.1.1Expected highevel affordances and sustainable chdice (i K S ayi® t@eSrhodedn
appearance or aesthetics of the building were among the selection criteria of sustainable
accommodations. The interviews additionally reveal that novelty and the modern appearance of
the buildirg also lead someaxupants to believe the buildg is sustainable. For them novelty and
sustainability are strongly associated.
OWFO1 X551 0 X 2KSNBlFa 5FyASt 5SF2S | ff
0S0lIdzaS AGQa a2 yhindlefkadDaFEEHR AZNE | LIS NE
This may be significant for sustainable accommodations since the same participant also reports
I RKSNAY3 (2 Y2NB adadlAylrofS ¢gleéa 2F R2Ay3 |

accommodation.

JxKE 551 0 & X 2aKHdyie, Ilwasgrobably lesgw can | put it, environmentally
O2yOSNYySR YR y2¢g GKIFIG L tA@GS Ay GKSasS KI
sustainable feel, it has definitely influenced me to be more sustainabldécause less
powerand you know some lights iR2y Qi 1y2¢ AT (GKS ol G0SNR
tA1S pm>r 2N A42YSUKAYy3 OGKIFy LQff LINRPolof @
GKIFG a2NlI 2F addzFFxé
This suggests that where occupants pere¢ihe accommodatios as novel and modern, theyay
associate the idea of sustainability with the building, and potentially engage in sustainable
behaviours. This finding may be significant in the light of earlier studies that found that
knowledge @ high po-environmental pofile of a building may lea visitors to act more
sustainably(Khashe et al., 2015Even more so that ahne hundred(n=100 participants in
Y K I a é&@efindent were also students just as the participants in the present study. Therefore,
ensuring that occupants perceivthe building asnovel and modern, and know aht the

sustainable character of the building, might be important in better supportirgipant choices of
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sustainable accommodations, but also in swaying day to day occupant behaviours towards

sustainability.

Conclusion

The a@rrent section presents occapt perceptions on what the sustainable accommodation
affords once they have moved intbdir new residences. It is found to be common for occupants
to evaluate how the buildings fulfil their initial expectats captured in thir selection criteria,

and this evaluation yields generally positive appreciation of the sustainable accommodadtions.
addition to evaluating their selection criteriaccupants also start associating new dimensions to
the sustainable ecommodations. Thbuilding becomes a place feocialization where occupants
may feel free, at home and healthy. Additionally, the n@sidents may also start associating the
novelty and the modern aesthetic qualities of the accommodations with the quncd
sustainabilly and may engage in sustalria behaviours they did not perform in their previous
home. While this likely constitutes positive contribution of the sustainable accommodation to
the sustainability of occupant behaviours, the study aldghlights potentid detrimental
outcomes. Whereprivacy, commonly expected to be ensured by the accommodation, is
diminished significamg, occupants may consider moving out to other, potentially less sustainable
accommodations. While this may not haveedt effect on thesustainability of the sustaable
accommodation, it may have an overall less sustainable outcome if the occuparngstonawnore
resource intensive accommodation, or if due to massive departures, the sustainable
accommodation becomes enomically unsustaiable. While this later findg may be of
moderate relevance for the architecture of sustainable accommodations, it need to be
highlighted for universities and other sustainable accommodation providers who are concerned

with environmental and economisustainability of sustainableccommodations.

For providing a onglimpse overview of the previously presented findinBTabte5. Selection
criteria and higHevel affordances p@ites the criteria occupantsuse for selecting the
sustanable accommodations also called expected affordances, next to thdéighaffordances
the building is perceived to provide to occupants, highlighting those affordances thabeaet as
comparedto initial selection critea and those that were foundotbe potentially significant for

sustainability of occupant behaviours.
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Table5. Selection criteria and highvel affordances

Selection criteria

comfort

novelty
aesthetics

safety

security

privacy

proximity

lights

exp. of open days
ecofriendliness

=4 =4 -8 48 -8 _-9_9_-92_-2._-2°

* affordances may relate taistainability of ocupant behaviours

Highlevel affordances

=4 =8 -8 8 -4 -8 -8 _9_a_°2_-°

comfort
novelty
aesthetics
safety
security
privacy*
sustainability*
socialization
home

health
freedom

affordance with boldvere not among the selection criteria of occupants
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4.3.2Detailed affordances and sustainable behaviours

4.3.2.1. Light use behaviours
The analysis of occupant interviews reveals light use behaviours as ea cebegory of
envirormentally significant behaours performed in the studied sustainable accommodations.
The data further suggest the light use behaviours are likely specific to each location in the
accommodation, with occupants reasoning differently cowhand why they use atural and
artificial lights in the room, kitchen and living areas or bathrooms of the accommodations.

Therefore, the present section presents light use behaviours by locations of the accommodations.
Light use in rooms

Daylight visuatomfort

Occupant inteviews reveal preferencef natural lights in the room during the day.

62l eyS¥ttvd aX (GKS gAyR2ga NB OSNEB I NHSS 6KAC

out and that allows to see into the Manchester city sky view, it allowsd twatural light,
and uhmmm, its nice for yoaswd t |yR AGa I+ yAOS (GKAy3 (2
OFNIAFAOALIE O tAIKGE G £ dzyGAf 1T 2N yXé

z A -

OWIF O1 X551 0 adddL ySGHSNI KIF FS (K of AYRaA R2gy NBI

the sunlightinan@ dza G ¢ 2 NJ& oA GK GKI GX

Jack® phrasingt X aRO ¥ 2] 6 A (i donveyKthati sindedhé lights are perceived by him
to be suitable for work, he chooses to use natural lights for his mundane acti{figgre5).
However, 6r Jack to perceivehe room as bright enouglof work, the design must cater to his

need for enough natural lights.

When design results in rooms where occupants perceive the natural light to be meagre, quite
expectedly, they resort to artificidight use, which may be quitentensive as shown by Mar2 y Q &
and{ A 2 ye€onis below.

bal NA2yX/ /0 aX a2 AT (KSa&athaDRagzpeBpleYwbuldSisell KS gAYy R?2

less lights maybe you know because you get up in the morning and stamhid K S f A I KG X
your lightswibeonalldayunti @ 2dz af SSLJ §KS S@SyAay3a Xé

6{A2yS¥al o aX.SAy3d GKS gAYyGSNI AG Aa 2OSNDOFai
my room is often shaded by trees which means it gets quite dark. This means my lights are

oftey G dzN}y SR 2y dddé

This conburs a pattern, wherethe extent to which the designed physical environment is

perceived by the occupant to support their need of daylighy sway sustainability of light use
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behaviour. While it can be stated that windows are eor
features that allow nairal light to penetra¢ into the rooms,
other design features such as shading from adjacent structures
(or trees) are also identified bycoupants asffectingperceived
light levels and potentially sustainability of light use aeiour.
Furthermore, theparticipants who iderify poor daylight levels
in their room and speak of more intensive artificial light use
mostly live on the ground flr, while participants who praise

light condition seem to be residents of higher floor ra®m

Hence floor level maylso be a design feata that in tandem Figure 5. Bright rooms  promptir

with the design of the windows may be influential in hoslvayllght e

naturally bright rooms are perceived by opants, potentially affecting sustainability of light use.
Additionally, Harry below, furtr identifies the staggekdesign of the buildgs as a feature that
prevents blocking out sunlight and the white walls of the rooms as a feature that helps gerceiv

the rooms as brighter.

Ol F NNBX551 0 a&aéSIFIKTE f20a 27F se kddIn dvayftheyd K (i
staggNB R (KS HAAMBAWHOSEQaEI KSe |NB y20G I ff
GKIFIG 3IAgSa e2dz a2YS SEG Npaicularly ik you dref ot they &
higher blocks, because of this kind of staggered desidmchvotherwise would be dttked
by the otherbbckl Yy R &2 dz ¢2dzf Ry Qi KI @S tA3IKGA O2YA
AlQa GKS I|Y2dzyi 2 @&s afdifeiekcé andymake Kute tHeRvally areY |
GKAGSE
Thus it can be argued that the exteridb which the design of theoom windows and adicent
features is perceived to support occupant need of daylight ralsp bea keyaspectin how

sustainably occupds use lights during the day.

Visual privacy

The occupant recounts of light use in theonas surfaced an intrigugnphenomenon that mape
significant for sustainability of light use and may be very specific to rooms of student
accommodations. Some tife residents seem to be very sensitive and protective of their privacy
in their rooms giverthat this is the only spce in the accommodatn that affords privacy. Hence
when they perceive their privacy is diminished, they react by closing the blindsugltitthis re
establishes privagyit has a detrimental effect on the visual comfort of dgiili To regain that,

occpants resort to artittial light use during the day.
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OW2KyZXal 0o aaXL GKAYy1l @ LINR 6 £ GKFGZ @&2dz

know, we are living in one room for our whole lif
a2 F2NJ 2dz2NJ 6 K2t S £ A FS
fA1S AY I y2N¥I s@dyzarS Ry Qi
work in your bedroom where you sleep, thislls ‘
your personal space in one spot and people
see straight in so you know if | would set in &
proper house and someone was walking past and
g2dzf R aAd Ay GKS f 2dzf
muclE L R2y Qi 1y2¢ AdQa
next to thefront door, everybody walks past and |
R2y Qi NBlIfte tA1S GKS (ARSI
LQY R2Ay3 2y Y& O2YLlziSNE
L GKAY1X AT -A5imetérs oif Ewold ¥ A ji
0S TFAYSI G(GKSe g2dz Ry Qiig
OKIYGO deak y3 a2YSOKAyYy3 (K
was writing or anything, but at that distance they!
can see and that, that is annoying but yeah, oncFigure?7. Lights orblinds closed. CC.

Ay FyR

S G KI

f STl eSIFIK L ¢g2dZ RyQi
GKS OdzNIit Aya FyR aghii

Other occupants echo the same experience and have a
similarly environmentally taxing behaviour pattern (see
Figure7, Figure8.)

6, @Sax/ /06 aXL 2 dia apendtie
curtain peoplecan & Ay X ¢
Figure8.Lights on blinds closed. MH.

0{A2yS¥al 0 aeSFKzX GK. ... _... __...._.080 L fta&
1SSL) 6GKS 6fAyRa KIfF Of2343SR 06SOldzasS LIS2L)X S OF

during the night | probably keep it up sometimes just because there are less people out, or
during the daymaybe,| do not know, it depends on how | feel | suppose if | feel like
having a bit of privacy | keep it down but if | am fine with people seeing me then | keep it
dzLJd ¢

In these cases, the occupants concern with privacy is again fundamentally linkedvwintiows

that allow visibility from and into the rooms. However, the windows are not the only features that
are involved with catering for perceived privacy. John first mentions the distance of pathways that
are thought to be too near the room windows,gh herecollects not having had the same privacy
related experience when living on higher floor the preceding year. Hence floor level may also be
significant in how occupants perceive the design of the accommodation supports their need for
privacy.
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@oty¥al v aL fAGBSR YdzOK KAIKSNI tlFad &SFNI Iy
kept the window much more open, the blinds much more open, and relied less on the

f AIKGaDE

t I NI AOA LI yia ngphdicy BoRogrisialsKrefl@bs this pnenomeon and find the

floor level may behe aspecthat enables them to feel private even with the blinds open.

61 NNBX5510 aLQ@S Iftglrea tAGSR 2y TFt22N
2dzil aA RS X KaMiXow K@MNEll skeinto 10 2 F [AISQQIDISOUX FK S @
NBIffe aSs8s AyiG2 YAYS odzi GKS&@ OFy | oAf
S KI @S ofAyRa AF LIS2LX S FNBXI AT LIS2LI S

may have prigcy oncerns on the lower levels K I @S yifedii SRS Soye i K I G

N.

Harry above, potentially also due to good perceived privacy in their room, confirms using natural

lights for work during the day.

61 I NNEBE LTS GFFOAY I S| & dthemdrning wilch is redllgagcanNi & A Y
never hae my blinds down during the day which is really nice to get a lot of naturatfight

In conclusion, the recounts infer that the way design of the sustainable accommodations is

perceived by occupants to supgoprivacy need in the rooms maie significant dr the

sustainably of light use behaviour in the same spaces.

Discomfort glare

Privacy is not the only occupant need which, if not supported

design, may prompt occupants to close the blinds. When stugd
experience glare discomfort,hey also closeghe blinds and may
start using the artificial lights. Closing the blinds may even hap
despite the expressed preference of occupants towards wor
with natural lights, suggesting that glare discomfort naserride
the benefits of a roomthat caters forgood perceived daylight =%

Figure9. Blinds closedue toglare.
levels.

6bl Re&FXalo aX AdG Aa sAGK I NBF&az2y odGKI

anditQa 06SOFdzaS L (GKAYy{]l Al KdzZNIia vYe SeéeSa
using the lights but then, you know, usingK S f A3 Kda ¢KSy AdQa

X
RI &

6{A2yS¥Xal 0 aL LINBFSNI G2 KI@S (GKS DpetalsgRa
natural lights are better for helping me see things but | kind of have work next to the
GAYR2g8 0SOlFdzaSRE8K| IRAZgKENBaYeAld Aa 1AYR

Oy 2LSYy dzLJ (§KS 6AyR2¢ | YR Uedadsa aft@ dwof it
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O2YSa NRIKIG R2éy> AlG A& KFENRSNI 2 4SS (GKS aONBS
downjustbet dza S Al adG2Lla GKS adzy O2YAy3 AyXé

{A2ySQa OFrasS NB@oSIKfa GKIFd 0SaARSa UKS gAYR2¢ @KAOK

daylight into the room, other components of the design such as furniture arrargge@the desk

next to thewindow, may jantly be related to how the occupants perceive the design supports

their need for visual comfort and eventually sway the sustainabilitheir tight use behaviours in

the rooms. Additionally, the use of the blackdlinds to control glaréFigure9) further indicates

that there are no other design features integrated into the sustainable accommodation that may

ensure glare control without having to close off.

Thermal comfort sola heatgain
Firally, thermd comfort of occupats when impacted by solar heat gains further drove occupants

to adopt the same mechanism of closing off with blinds and using artificial light during the day.

6aiOKI SKKt R®ub ¢oles straight to myindowin the maning and lactually
had an expgence, was it two days ago, the radiator was off in my room, the sun came
through my window and becausd it | was trapped behind the curtain as soon as | pulled
the curtain all the heat came in my room atas oiling Ike that andit was like you codl
2dzaid adlyR Ay GKS gAYyR29 YR AG gl a 2dad A ¢
GAYR26a& 6SNB 02AfAy3a K20GXE
bl R&IFIXal o aX AG Aada gAGK | NBFraz2y O6GKFG L R2yQ
anR  bdcdusd think it dzNI1 & Y&  Wds$had main réagom and sometimes it was
too hot so | end up sweating so | just rather close the curtain and just open the windows
dzy GAf GKS yAIKG gAft O02YS | yR Urdw, sidgitheg K& L | Y d:
lightswhemh 1 Qa Rl &l AFKZRYd & y 2
Conclusion
Participant recounts of light use behaviour suggest that occupants of sustainable
accommodatios seem to use light more sustainably when they perceive the design of the
accommodations suppb their needs.Perceived atural brightness oftheir rooms seems to
directly relate to how much occupants rely on natural lights or artificial light, hence imngact
environmental sustainability of their actions. Additionally, very specifically to rodregstainable
accommodatiors, perceived desigsupport for visual privacy emerges as a code that may impact
sustainability of light use during the day since ocolfind 6 K2 R2y QG FAYR GKSANI NB 2
close the blinds and start using artificial lighFinally, glre discomfot and thermal comfa (as
impacted by solar gaifgonstitute further occupant needs that designs may need to cater for in

order to pranote more sustainable light use behaviour.
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This suggests that in order to promote sustailealight use pterns by design, the design
features of sustainable accommodations may have to be considered with occupant need focused
lenses. While the room windows seem to be central design featuresatloat the interchange of

light between occupantooms, occuparg and the eterior, the interviev snippets included in this
section suggest that multiple design features may together contribute to how far occupants

perceive the design of the accommodaticgpport their needs.

Windows Natural light use

+ Staggered design
+ Wall colour

+ Floor level Comfort ¢ Blind use
Daylight

Glare

. Solar gains Artificial light use

+ Furniture
+ Blinds

Figurell. Occupantight use behaviours in the rooms

Figurell. representsvisually the conceptal understanding built based on the collected occupant
data. It represents the way Windows as catesign features grouped with adjacent design
features may be perceived to be supportive of occupant need¥istfial Privacand Comfort.

Here Comfort incorprates visual comfort of daylight, discomfort glare and thermal comfort as
influenced by solar gai Finally, the red arrows represent occupants perceiving their needs as
not wellsupported by design and thelikely lesssustainable bhaviours via artiiial light use.
Conversely, the green arrows are path taken by occupants when their need arevpeerteibe
supported by the design features of the sustainable accommodations, and they decide to use

natural ights during he day.
Lightuse in the bathroms

Comfort and Ease of use

The bathrooms of the studied accommodations are integrat
within occupants private living quarters and usually do not hay ;
windows towards the exterior, artificial lights being treole
source @ light. Whilethis is already m@ energy intensive than
using natural lights, occupants also raised concerns regarding
controlsof the artificial lights, potentially increasing artificial lig

use.

Figurel2. Bathroom lights on

Ol F NNBX551 0 a4t 2aAdweRdyvayinKs agAuOKSa AY
my mind, soif the door opensk A & gl & GKS € A 3K Idlightishvikch BK A
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0SKAYR (KS R22NJ X AdQa NBlIffeé Fyyz2eiay3a G2 3I2 | N
1y26 odzi dddé

The above lines illustrate participants ke towards he light swith of the bathroom ad even

though they acknowledge that it ia relatively minor issue, they repeatedly stress on its

uncomfortable nature. Furthermore, the participant reveals that the bathroom is equipped with a

secondary ligh source abovethe mirror, which is well appreéated since it makes the

uncomfortable adbns of going around the door and finding the light switch unnecessary.

However, the additional light source is left on continuously by some occupants so they cgn enjo

the comfort of having thelights on when entdng the space, comfort which is cumberserto

achieve using the main bathroom light switch.

Ol F NNBX551 0 X AYyaARS (GKS o6l 0GKNR2Y (GKSNB Aa | f
GKAOK Aa yAO®Sad 2yaditeRoy@ilind ke switch X a2 | f24 27F
people they just use theghts above the mirror, ahm, which is nice but | know a few
people that just leave that mirror light on all the time just for when they go in there have
fAIKGAX «a

Harly also tries ¢ identify reasons behind the engy wasteful light use in the bathroomsjch as

being lazy, forgetful or intentionally leaving the lights on to increase comfort.

61 F NNBEX5510 a{2 LS2LKFS 3ISi trie ghedght (6 KS& I NB
on, a they justéave itonintention f £ @ X 62dzald T2NJ o KEFKIG&SEd @2 Ay 0
Leaving bathroom lights on is echoed by other occupants as well. For instance, Sione mentions

that he used to leave the lights on in the bathroom by mistgkobably réerring to the fact that
he forgds to turn it off when he leaves the bathwom.

6{A2yS¥Xal 0 a5dNAy3I (KS yA3IKIG Y& fA3IKdGa FNB Yza
a2YStAayYSa L tSIFH@S GKS o0lFGKNR2Y fA3IKG 2y o0& YAial
Felix, on theother hand, lkeeps bathroomlights on intentiorlly during the night in order to
support his comfort guide lights can afford.
6CStAEXal v aXxXL gAftt SIF@S ve G2AatSGa €1 YL 2y 0o
midnight all you need is, you know, somidance ligih & X & 2urnlit ongakd i $
SySNHe al @gAay3 Fa ¢StfXé
C S f redoumdtisuggests that this particular choice of action of leaving some bathroom lights on
for longer periods even when the space is not used might also have something tahdthevi
belief that bathroomlights are less imnsive and therefore more efficién® | F NNE Qa NBO2dzy d |
mentions mirror lights that are usually less intensive than main lights. Hence this might be an

occurrence of psychological discounting since occupases deviceshat they beleve are less
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resour@ intensive therefore it is acceglble to leave them on even when the space is not used.
Still, the primary trigger seems to be the satisfaction of comfort need: either of not having to do
the effort of finding the right svitch either d having lights reaity available when waking up
during the night.

While participants acknowledge the energy wasteful character of the action in discussion and
express dissatisfaction towards it, they confirm that the major reasehind the @ergy intensie
behaviour is theuncomfortable location and the cdusing functioning of the main light switch,

with which the participant cannot become familiar, not even after half a year.

O1 I NNEX551 0 aXIKYZI ¢ KAghtlon cortitsiopsly) aSnoyens yod A y 3
arewastingr £ f G KF G L2 ¢ S NJd®with theAfaciiiiat tHe)N@itehliscatmile (i
gl &X & YR
61 I NNBEX551 0 aX GKS ¢gle& GKS agAiiokKSa KI @S
and the bathroom on same pahenhich is whythe light isswitches there, savhen you
come inthroughthe dock & Y I 1 Sa aSyasS (2 KI@S GKS A
bathroom you have the switch behind the door, and the kind of, in my mind they have it
wrong, | always end up swhing the batlhoom light onwhen | want the rom light on
because, so we have gl Yy St > (g2 &agAGOK LI yStf (GKSNB.
room than this is my window over my bad, we have one light that shines above the bad
and then one light thatust shines abee the door bthe bathroom, yeah L R2y Qi
why these two light or the lights on the switch on the left so towards the door that turns
on in the room which in my mind that should turn on in the bathroom because specially
L QY (K & thid batHn isklpsesto the door whereQY y 2 ¢ o0dzi Al &K:3:
room closest the door and then for the area further away... the switches further away. |
f A0S KSNBX aAyOS {SLISYOSN) unmn |YyR L &ada
know how butthen | guesén their minds it mat have made sense to ok, we aeaching
them from the door than it would make sense to push which is closest to the, slightly
Of 2a4SNJ gA0GK | OSYdGAYSUGUNB G2 GKS R2mdtw 0 dzi
YSX¢
Besides expresing the uncomfortale location and theperceived lack of logic or ease of use of
the main bathroom light switch and linking that to the unsustainable light use in the bathrooms,
Harry parallels his views with that of designensl aecognizeshat there muwst be a gap between
his way of thinkingand the architects way of thinking on the use of the bathroom light switch.
¢KdzaZ | I NNEBE ARSYUGAFASAE (GKS NBlFaz2y 27F tA3IKG
mental models a how the batmoom lights aight to be used andi KS 2 OO dzLImbde@d Y

on how the bathroom light switch can be used.

Inconclusiond dzA G Ayl oAt AGe 2F 200dzLdr yiaQ fA3IKEG dza &

comfortable and easy to use they penoe the lightcontrols to ke. Additionally, thecomfort need
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of havng minimal light level ensured by the environment during the night also seems to

contribute to using lights more intensively.

Control

Occupants also discuss automatic light controls @u& becomingricreasingly ammon in the
bathrooms of sustainable @ommodations. Since these devices turn off lights when a space is
vacated thesemay be considered very useful in reducing light energy waste caused by lights that
have been forgotten on. élvever, thesadevices remog occupant agency anmay not be in line

with their preferencegFigurel2, Figurel3).

(Michael@PPQl X ¢ KSNB KI @S 06S§
sensors though in many of the bathrooms the
accommalation these sensors have diffetetime
zones so my bathroom light will take up to
YAyYydziS&a G2 GdzNY 2 ToFiX thel
bathroom would be probably preferable for mos
jdAGS | f2G 2F LIS2LI SX§

Additionally, since the lightsutn off after no movement is
detected for a gign period of time, they also gendma fix
amount of waste each time the spaces are used, and t
200dzLI yia R2y QG KIF@S | ye fAIKGA Y

they wish to do so. Figure13. Bathroom lights on

0 al NNE X sdmetimesdt daks really lod G2 3I2 2FF fcaubeSofthe G KAY ] GKI

movement of thesteam or whatever and iiakes really long to go off and | sometimes |

FY €A1S LXSIrasS 32 2FF FlLaidSNIoSOlFdzaS LQY y2id dza
Hence, enabling occupants to control the lights ynturther reduce artificial light use in

bathrooms.

Conclusion

The recount 6 light use patterns irbathrooms of student accommodations suggest that when
occupants perceive the light system including its controls, is supportive of their needs for comfort,
control and ese of use, light use behavioursaaynbe more sustainable as st by the green
arrows a Figurel4. Conversely, when these needs are not veelpported by their environment

the light use pattern seem to be merenergy intasive and therefore less sustairlapindicated

by the red arrows oifrigurel4.
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Light system
+ switch layout Turning lights off
+ switch location
+ light sources
+ automatic
controls

Leaving lights on

Figurel4. Light use in the bathrooms
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Light use in kitchen and living areas

Visual comfort of daght

In the cantext of kitchens and living roomsesidents express satisfaction with the large wiwdo
that allow views onto the surrounding areas and naturally bright up the space.

OWF O1 ¥I56@& We2 oFftfa GKIG A ovBSIWNdodesydmeardza & 3f | & a
you can just see over Laon; really nice view and the sun light illuminateée whole
NR2YoE

0 WI R Sy X ghey have targe openings, windows everywhere, which makeshyaki t

why do we need to be with the lights on so that is aibflyence IKA Yy 1 | 3FAYy XX a2 ez
know you gothe sun coming in all the time so that makes me nanhtao turn the lights

2y 0SOldzaS GKSNBE Aa y2 ySSRX¢

In addition to the satisfaction good natal light levels provide, the above participant recounts

shows how the peceived comfort of daylight in theommunal areas, just as in the rooms as

presented inil KS I 6 2 @ SightiuSelidl o> YA IKG € SIR (2 NBRdAzZOSR | NI
throughout da/light hours.

Controlling lights

Although thekitchens and living rooms are equipped wit
generous glass outer walls and are peieced to be
sufficiently bright to enable occupants to comfortably us
GKS aL)l OS o0& NBteAy3ad 2ynsH
from the same accommodation further revedhat the
same areas are always lit artificially simoetion sensors
turn on lightson the slightest movement. The lack ¢..
Y I ydzl f O2yiNRfa NBY2@OSa

over turning the lights off whed K S &  Redl iy, &siivel
illustrated by Figure 15. Occupants carwell-identify the
redundant use of artificial light and the waste it m3
generate.

(Harry@DDH  aL R2y Qi  dza dzl f
because by the time | Wwa up there s usually
enough natural light s R2y Qi K
0dzNY SR 2y I | KMekitcheh larid {he
fA3TKGa GdzNy 2y dzyySOSa
sense and it is realgnnoying because | think tha
the idea was that it's energyfe¥ A OA Sy i X

XAG YI{$3

WFRSYX551 0 aX2y$S hakayd3could

save a lot of energy is if the autoth@ lights in the figure 15. Automatic lights on in brig
building, the light would be on during the day just becatkitchen during the day
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AlGQa adyasa 2dMNI Y29SYSyl 6KSY (KI G @ioungai v &
kitchen enough natural light are ping in@ SG G KS f A3KGd&a I NBhakihs f f
FoAfAGE G2 Gdz2NYy AlG 2FFXE

Occupants formulate additional critiques to movement sersased light controls in the
communal areas even when those \weepaired withmanual controls as well. Some paipants
believe that although sensors could prevemnecessary light use due to lights left on, it also has
the shortcoming of encouraging residents not to actively pay attention to turning off the lights

when spaces a& vacated.

OW2KyXal 0 af2i®af REZAAGSOI dzaS L JhisSunding allli Y ¢
night, but at the same time leaves you not feeling like you need to switch off the lights
LIKe&aAOltte o0SOFdza$S O K®e bubbed dza 20 RITFIF &2 da ¢
botheratR y2 2yS R2Sa SAGKSNI x2dzaid tSI @3S GKSY
Occupant esponsibility of switching lights off although might seem unimportant from a practical
perspective, since movement sensmntrolled lights will turn off aér the spaceis vacated.
However, occupants s mention that although the lights turn off automedlly in the kitchens
and living areas when there is no movement in the space, they require a significantly longer time
span for switching off. This also ares that notturning them off immediately aftevacating the

living and kitchen areas still resultsunnecessary energy consumption:

61 F NNBX551 0 GXLQY y2@ adNB K2¢ t2y3 odzi |

oal NA2y X/ /0 aXiKS 1 dnitoled Sybmaticalld Kuil they larblBor |

longerduration so when you cook they take longetum off so maybe they take half an

hour-np YAydziSa G2 GdzNYy 2FFXé¢
Additionally, not all the spaces in the accommodations are equipped with movement sensor
controlled lights While the communal areas of th@ccommodations make use of automatic
movement sasorsfor controlling lights, the rooms and some of the bathrooms only have manual
light controls. However, if occupants start relying on automatic controlsoinesspaces ah
develop the habit of not turningff lights when vacating those spaces, the dims arises
whether that habit may also spread to other spaces where automatic light controls are missing,

potentially leading to more energy waste.

In contrastwith the abowe case, in the accommodations wlethe automatic light system is
complemented wih marual controls, occupants may be more accepting and may feel more

comfortable.
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(Wayne@PP® G X¢KS fA3IKG&a X FNB |dziz2zYlwhénQau X GKSNB A
forget to turn on/off the light they W go off automatically, it is no big deal berse dter
Al oAttt 332 2FFOL GKAY]l AGQA dzaaASTFdA = AGQa y20 Ay
The above examples show that the dual light controls allow caxctgto appreiate the beneficial
effect of lidit turning off automatically when the room is s@ted while they also enjoy the

benefits of controlling it manually in case they wish to.

In conclusion, the occupant recounts suggest that lack of control ¢tverlights nay be
detrimental to occupant satfaction and could also lead to increased ari#filight use during the

day even when natural light is abundant. While automatic lights may alleviate the cognitive effort
of having to remember to turn offdhts once apace is vacated, it only seemshe appreciated

by occupants when some form of@gart control accompanies automatic controls in the design

of the sustainable accommodations.

Comfort of activiymatching lights in kitchens and living rooms

Additiondly, it seems that having only aaatic

controlled lights without manual control is ho
endorsed by residents neither during the day but n
during the evening. This is especially so when the |
of manual control over the movemensensored

lights creats an uncomfortable environment fo

performing the desired activities in the spaceFigurel6. Group dinnein thekitchen.
Everually, lack of comfort leads residents to resto
their comfort by circumventing the system. T
0St2¢ NB O2 dzy i NEFt SO C g a aKI G
providing marual control ad more options over the
light andits intensity would lead to more sustainabl
nocturnal light use behaviours in the communal are

of the accommodations.

WFO1%551 0 4GXLy 2dzNJf @by, 4KA3 hail sdi @8 yonderful S

have lights that turn on based on movemef ©XPeriences with my lovely flatmates ¥

di . X0 X 3 | 5 A surpiise birthday party, Halloween party]
andin my opiniox u a 0 drunk night, so much fun. In the kitchen w
comesto watching a film or something yoy have a good TV and sofa, we spend leis

have to sort oShut in all over the sensors s} time in the kitchen ad chatting, it is a great
you keep it dark because there jisst no | Wt I GEiR@MHD

A36A00K gKAOK A& @S NFigurgl RARchees sgttinglofEveniighag® NB Y 2 SR
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them in say switches it would be fanore sustainhle because it would subsequertgigve
Y2NBE SySNHeé&X¢ YR aXaBYSYRYSB&GQA(GYyAQSyasd
lightsoffand chillouk y G KS REFENJ X Fad 6SANR Fa Ad &2 dzy
O1 I NNEX551 0 aXAy (GKS $dail8 yirk of Bhan we iouldslie ile A ¥
toseeali KS yAIKIfAIKGE 2F [ 2y Bedsprif wé waint togdS K I
0Kl Goé

Although the circumventing actoseems more sustainable and energy efficient than the inaction

of leaving the lights on,reecdotal eviénce suggests that it also carigafety concerns when the

tape is left on the sensorna a person stumbles over objects lying around in the dark room.
Furthermore, students report subverting the system only in cases when the comfortable
enaciment of theiractivities is hindered by theverly strong artificial lights. In other caseshen
occupants do not want to use the living rooms for activities thatessitate lower light levels
(Figurelb, Figurel?) , but for something more mundaneush as preparing dinner or just being in

the space,K S& R2y Qi &SSY (2 LISNOSAGPS (GKSANI O2YTF2N
sensor circumventig practices. This also applies for daytime actisitieDespite tRir
acknowledgment of the artifial lights being wasteful during the day, occupantsxdbrecount of

diminished comfort nor do they take action to cover the motion sensors.

(Harry@DDHXYX if you walk in there and you do want to cook someghbecause it

comes on instantly and youkno 6 f A3Kda FFINB Sttt LIyodOSR

Oy 0221 6KIFIUGSOSN) é2dz ¢lyd XFff GKS | LILX

are goingin, in the evening to get some water or even dutimg day, everuring the day

there is a lot oflight coming in and then when you are going into Kieehen for some

gl OSN) FEf GKS F2dzNJ t AIKGA Ay 2dzNJ {AGOKSYyY
Figurel5. also argues that during the day occupants bt resortto taping the sensors and the

artificial lights in the kitchen stay on even on brighatyd.

This suggests that the driver ofdlsustainability supportive behaviour of sensor taping to turn
lights off may be comforitnore specificallhow ocaipants perceie the space allows comfortable
enactment of previously mentioned activities. When tepace does not allow activity specific
comfortable light levels, light use is more unsustainable since lights are on unnecessarily and
unwantedly. Conversg] when occupnts take action to restablish heir comfort light use
becomes more sustainable. Tihig, the comfort need supportive qualitf the design seems to be

a key to how sustainably the artificial lights are used. Although sdvesed light cotrols are
increasingly common in sustainablecaenmodations, their usage does not unequivocally serv

sustainability or occupant comfort. Tlwwntention of the study is that sustainable light systems
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should ensure comfortable enactment of activities whidperating sutinably and without

necessitatingpotentially hazardous system circumventgthat ensure comfort

Conclusion

Occupant recounts reveal that kitchen and living areas of the accommodations are stages for a
multitude of activities spreadg aadoss the dayand night. Duringthe day, where ocupants
perceive the space to provide comfortablevéds of daylight, they are likely to rely on natural
lights rather than artificial lights, making use more sustainable. However, design that deny
occupantscontrol overthe lights may preent sustainabldight use while leading to occupant
dissatisfactiorand discomfort. Furthermore, common nigtitne social activities performed in the
space also necessitate reduced light levels. Where occupants perceive dbeifort is

significantly dimmished by the dsign of the light system, they take circumventing m@as that

\ Comfort Natural light use
. Daylight

Activity
matching light Turning light off

Light system

+ light control

Control Artificial light use

Figurel8. Occupant light use Wmviour in kitchen and living areas

have a direct impact on energy use and may also be hazardous. Hence, sustainability of occupant
light use behaviour seems to be related to howdacupants prceive the kitcha and living aras

cater for their needs such as visual comfort of/light, control, and comfort of activity matching

light levels. Figurel8. plots the relationships between design featuresthe acconmodations,

the occupant perceptios of supported or unsupported needs and the ensuingi®nmentally

relevant light use behaviours.

4.3.2.2. Heating and ventilation practices
Heating and ventilation praéices emerge as a core category of environméptaignificat
behaviours performed in the stlied sustainable accommodations. This section covbes
practices that are performed in the rooms of the accommodations, where the occupant
interviews generatedhe most relevant data. Furthermore, the heajirand ventilion practices
appear intertwinedin occupant recounts since windows are often also dude regulate
temperature and airing the rooms has implications on temperature, therefore will be discussed

together within present section.
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Heating, coolig and ventildon in occupant rooms

Thermal corfort

Occupant recounts suggests that heating and Watbn behaviours seem to be resulting from
how occupants perceive their environment complies with theirrthal comfort needs. Not too
unexpectedly, the rmst common p#ern is that when occupants peroe their rooms as cold
they turn on the radiators irorder to reestablish their thermal comfort, inevitably increasing

energy use.

Oal NEXtd KDY alXveFySdditherd!ijus dlose the window andi iradiator)
on..£

OWIF O1 X551 0 350G G2/ JLINBY G f @ K2 3G A yily cold i) NP +

AGONI RAFG2ND NBaALRYRa ljdadlte FyR AdQa 32
However, paradoxically occupants may also be heavily using radiators when their thermal comfort
is diminishedrom the other side of the thermaspectrum. Rooms perceived overly hot, besides
reduh y3 200dzLdr yiaQ GKSNX¥YIE O2 Yoveudklipkactiogs\ il kolder | f 2
periods and as such constitute unsustainable heating behaviours Bfmecificall, the interviews
reveal that whenthe radiators heat up the room too suddenly or theoms are too hot,
200dzLJ y1aQ SELISNRAS YN ari &téniplvtb festokreitiaiOtiey dpaihe |

window to cool the room.

6 { A 2y SX5ifGitlig) toocwdrm ydz R2y Qi NBI f f & jusii épanythe | 0
windowg

The issue is not that occupammegulate the temperature by opening the windows. The prabls
that occupants also leave the radiator running while the window is open to maintain abesir
temperature. When prompting on the reasomghy occupants leave the window open while the

heateris on, the answer is the following:
(Susan@MHIX @ Sa ¥ B5DQ&zAaS @2dzNJ NB2Y Aa 3ISGaAy3a (3
(Nadya@MHPX A 1 Q& 0 SOl dza S thefwindow,L YEFBE RTOE OUF &
This unsusinable way of maintaining thermal comfort in theoms might have turned into a

widespread pattern since it imentioned by several respondents.

O6CStAEYXal 0 aX¢KS GSYLISNI G dsdSturioy heihda@r yoliR 2 Y
cannot feel anythinginless you turn it to a maximum, but it will be vaot if you do that.

So normally, I will just open my windswrhile turning it on, and | will shut it down when |
32 (2 0SRY 20KSNBAa&AS L gAft 0S OSNB K2aX
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(YWes@CCl X L { U &1 ugelit B¥hinimunbut still too warm- depends on the timel
useital f S@SEt mXxX022f 08 NBY2QS Gf XEKAlY A | BLIS 2 yIXK S
The phenomena of heating and ventilating simultaneously may be a highly yemegteful
pattern from a sustainability persmtive especially that occupants often mention thermal
discomfort caused by high temperatures experienced in tre@ms.
6! yYReEXtg&VYStiXYSa Al o0GKS NeB2YL 3SiGa G222 K24 X
OW2KyXal 0 aX hy$isprébablfkeSheay it getg vely dvarmdz®spially
during the night, it can be quite difficult tof SSLJ X ¢
High temperatures in sustainable buildings areomewhat known phenomenon. While it can
originate from various reasons, it is commonly believed¢cur wherthe heating is not properly
calibrated or the building is not equipped with adequatentiation. The present study finds an
additional potential &planation. It seems that occupants who experience thermal discomfort of
overly hot rooms residen the upperlevels of the accommodations whibccupants who moved
to lower floors of the accommaations are satisfied with the thermal environment of thedwoms
and report to experience thermal comfort. This suggests that there might be a link befiloeen
level and thermal discomfort of overly horooms and that occupants on upper floors may be
more likely to experience their rooms as too hot. For instadan here below compares his
previous thermal comfort experiences while living on upper fldorkis presehexperience from

the ground floorof the same accommodation:

OW2KyXal 0 & Xors) h gets dehjwi&rin, especially during the night; it be
dZA S RAFFAOdA G G2 afSSLIXE YR daX (the KSNBIF A& y2¢
temperature)-t K 1 Q2 2y ® i RX ¢
In conclusion, occupantecounts suggest that the sustainability of heatingagiices may be
related to how occupants perceive their plga environment support their thermal comfort
needs. When the rooms are perceived by occupast$oo cold otoo hot it is likely they willry
to regain their thermal comfort by behaviours thate energy intensive and as such detrimental
to sustainabity. While starting radiators is a common practice to heat up rooms perceived as too
cold, opening the windove while the heating i®sn seemsto be a common practice to mitigate
overheated rooms ircold periods. The latter is of major concern due to prewedeof rooms
perceived as too hot in sustainable accommodations and in the view of this staglydeny
benefits of efforts invested in creatg efficient thermal envelopes specific to sustainatml@ding

and thus undermine the very sustainability of thesommodations.
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Ease of use of heating controls
An additional explanation to unsustainaliieating pracices may be that users struggletivihe

control mechanisms available to them.

0 %A | XX ¢/ Ko8ater is a bit confusinglevel 5 it is too much, buin level 3 and 4 it's
y2i Sy2dAaAKXé

0aiOKI St XtitkvSONNRXIKST O2y i NBif 1&urnR ényaQével B2 NJ

will go to levé5 on all numbers so | only have to turn it on for 3@aminutes to heat the

NE2Y |yR (GKIGQaS SyRrRAMAKX &2 NA il KBS & (KNI GOSN
Some occupantseem to have minimal interactiongith heat catrols, andthey rely on a dfault

setting.

0 WA f f Meéafing is @ways onand alwagsy Y| EA YdzY X¢

0al NEB Xt tyeah) and tKat is (the room mehot) because of the heating, because

the heating is always, | mean it was always sethadzia p X
Jad Qa NBO2dzyii 0Sft tnes con&id goatactkindthstheyedhiiol Df the heating
systens in sustainable accommodations. His case underlines npttbalpotential implications of
controls that are not clearly intelligible on occupantisfaction bu also on occupant health and
well-being.

OWF O1%X¥551 0 aXxgStt (GKS F¥@YIEIKNILG BMNRY QIiK XNEB2-

dza S (G KS | KY XdgtKel radiatars bedausellnéver had to do at home because

my parents had a thermostahing, so it vas cold (smile) and |1 gotill GssK S NI & dzt &
lately, because | do know now, you picB#® S G KAy 3a dzlJs AGQa 0SSy

Finally, in some fortunateases the interaction with the radiator seems to be smooth:

OW2KyXal 0 d&XL rY¥sSusty bxistarlardyin Ré dedradbms sowyoan turn

iKSY 2y IyR 2FFs AlGQa Sl adooopé
Allin-all, the acounts above suggest that perceived ease of use of heatmirals may be
significant for the sustainability of heating practices but also for oantiveltbeing and health.
While some occupantsay adapt to the contrasystem and learn to use those tib their needs
others may not invest the effort and use thadiators at a default and potentially highly energy
demanding setting. Therefore, dgsi of sustaiable accommodations may need todmme more
aware of ease of use aspects of heating controlsdoupant rooms in order to support a wider

range of occupats in interacting sustainably with the heating systems available to them.
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Comfort of god air qualiy

Similarly, to the perceived #mal environment,

occupants report experiencing differentragualities in
their rooms. Some occupants are satisfied with t

perceived air quality.

6al NAR2yX/ /6 aXeé&2dz KI @
out which leeps it quitevertilated which is good so

it's quite fresh | would say. Yeah that's ... so far Figurel9. Trickle vents on wines. DDH.
322R @

Occupant satisfaction with air quality is sometimes supported by the trickle v@fitgire19.)

installed on the windws ensuring constant stream of fresh air:

(F O1 X551 0 AaX¢KS |ANJI ljdzl £ A G @ sthight thhdughtuhder 32 2 R

iKS sAYR26 yR AGQ&8 NRIKG 6KSNB @2dz at SSLI |

(Harry@DDH G X |, SIFKXZ (KIFIGQa 06SSy NBI ihb@road?2 2R |
GKFGQa 2y GKS MNAWRXGFTL 2FY GKSS 4fAydRR 6 X Al R?2
I A NX ®E

However, there were also participants dissatisfied with the air quality in their rooms.

(Yves@C@)X G KS ANJ Aa y2iG FTNBaKX &

Often occupants dissatisfl with the air quality in their rooms also @merated obstacles to

airing their room properly, such as tffiged louvers in front of the windows.

(John@MH} X I y 2 1 KSNJ af A 3 Ki$ that wHeryyyeopeh sha wirl&vithierdzNIS
are grills sothatmeA & A (difigult Br$h€Ivind to come iand cool the room down...
a

Others felt that the design of thbuilding which was described @s box due to its perceived air

tightness, could beesponsible for the experienced bad air quality.

(Susan@MH) X b 2 = ATNES &yK2 X+ & 2 dz O ag yngeitionkd t&dyBu befdtd & K |
this kind of building it seem&tS& {1 SSL) GKS KSIFd AyX a2 @gKSy
thatthereisa huge differédS > &S&a> AG Q& tA1S | OSMBEERXAT

While perceived air quality may seemly relevant for ventilation practices, it may also be linked

to sustainability of heating practices. It can be theorised that in rooms where uaility) is

perceived as less good occupants may resort momguieatly to ventilating the rooms by opening

the windows, which may also result in heating energy waste. déwipant interviews provide
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data that underlines this assumption and suggests thaeéutlheating with open windows may

sometimes be triggered by oapants perciing the air as less fresh.

(Johr@MH)d& Xwant to have fresh air coming in so let my windolittke bit open just for
0KS @SyuaAtlGAzy IyR GKSy Gdz2Ny G§KS NI RAI Gz

Oal NA2WKX/ /daadak f £ &8 2LISYy (GKS GAYR2gesFdimn IGAY

feel the selregulating vent dosn't really always do its job, so the room feels a bit-non

airy and stuffy. | keep the heating on to make sure the room doesn't get too cold and it

adlea gl NYz ¢Sttt |G tSrad Ay GKS O2f RSNJI L
WI 01 Qat beNdv(enidss further ground for assumindnat perceived air quality may be
related to sustainability ofieating practices. In this case the occupant reports good air quality and

turns radidgors off when opening the window.

OWF O1 %551 0 itg X fe&lE 212 RNJOIBdalt fdza S A th@ugh WDdeiy A y 3
0KS gAYR26 YR AGQa SNMEK L QK KNRiI &2 da daNiyS S
0KSYy L 2Ly GKS GAYR2gXE

Wl 01 Qa &y Ke cansidedzilaimed at reducing temperature in the roonictvimay be a

one off, quick action,and may v I Y2 RSN} S SySNHe& {(2tfd hy

aimed at ensuring good air quality constantly, which may be a continuous situatiwmaddws

kept open while heating is on hypothetically resuifim signifiant energy waste.

Hence, it can beheorized thatcomfort of perceived good air quality alloweddly the design of
sustainable accommodatiormay be pivotal in how sustainably studenact when trying to
achieve good ventilation and thermal coonff in their rooms. When the perceived air quia is
good, occupants may open the windows briefly to deseetemperature in the room. In contrast,
in environments where students feel the asrstill,ésuffocating as some phrase it, they may keep

the windows open egn when they are using the radiatalso generating energy waste.

Ease of use of ventilatiolevices

While the ventilation devices were perceived positively in

N — —' -

providing fresh air, the less straightforward control over the

B ——— e —

devices raisesome concera from residents. Some participant|

have difficulties operating the trickle vents: Figure20.Trickle vents in DDH.

(Jack@DDH) X Ly S @ SrNikezhgv8 Qis ort dfidke grill sort of thing under the
window and | only just recently found what that was, because it teghing a breze even
though the temperature iSIB | t t @ f2¢ &2 L (K2dzaAKG ualy Y
pullitoffarR Of 2 arfilFiguré20.X ¢
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Others may not even know of their existence, oiés
the preence of a trickle vents on the wiow (see

Figure2l).

Interviewer: & Lwas thinking is there a
ventilation device, ventilation system on t
GAYR2064KE

oal NA2y X/ /0O ab2X y2I 4
0KS GAYR26ad¢ Figure21. Trickle vents in CC. Closed and Open
The sustainabiity impact of occuparg not usingrickle vents or missing correct use may be less
apparent. Fbwever, considering that trickle vents are intended to keep the air fresh while

minimizing heat loss, and occupants may use the windows to get &ieshsteadof using trickle

ventssince theyR2 y Qi NBO23y AT S K2g (2 dza Sty Gighé& he&tSy (1 & =

waste. Hence the extent to which the ventilation devices allow ease of use to occupants may be

significant in how sustainably occamts will peform their ventilationpractices.

Conclusion

Occupant recounts disclose that heating and veatibh practices may be intertwined, and their
sustainability may be related to how occupants perceive the accommodations support their need
for thermal comfort aad good perceived airwglity. Whee the design of the accommodation
results in environments #t hardly afford occupant comfort, resident heating and ventilation
behaviour may be more energy intensive or even energy wasteful in the casatiidi@ext to

windows kept open.

Additionally, perceived ease of use of heating and ventilation devices gy relate to
sustainability of occupant behaviours. Recounts reveal that where use of a heating device is
cumbersome or unclear, occupants mayeu$ at the hghest setting constiting signifcant
overuse. Furthermore, overuse may lead to overheatedcsg potentially prompting occupants

to open the windows causing heating energy waste. Finally, where ventilation devices, trickle
vents in this cas, do not aford ease of use or maye unidentfiable to occupants, they may open

the windows to get freshinor to moderate temperatures, which is considered to have a higher

heating energy toll than using trickle vents correctly.

The relationships beteen heating ad ventilation devicesghe occupat needs they may have to
support to aid sustainable esand the resulting sustainable or unsustainable behaviours are

summarized in the below imadEigure22.).
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Heating and

ventilation syst.

+ Radiators

+ Valves and
thermostats
+ windows

+ trickle vents
+ floor level

Comfort
Thermal
Air quality

Ease of use

Figure22.Heding and ventilation behaviours in rooms.
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4.3.2.3. Cooking and sharegsource use
Using the kitchen for cooking individually or in socially in groups, is revealed as a common
practice within the accommodations. Thisay be envionmentally significant since the ame
occupants decide to prepare their meals in the kitchehs,less readynade food they may order
and the less packaging, be it paper, cardboard or plastic they may pile tujp meention the
environmental cost of the lome delivery process. Cooking sdlyi may also constitute an
environmentally beneficial patteshas it may imply more efficient resource use via energy for
cooking and lighting shared by the group. Thereforés #ection presents the resultelated to

kitchen use and cooking in sustabie student accommodations.

Comfort

Residents of the studée sustainable universi

accommodations share appreciation towards t
kitchens available to them. They highlight t
stunning views the large kiten windows &ord
during the day and night, #hnatural brightness of
the kitchens, the welplaced artifical lights and the

excelleit equipment. All these together, the vie

the visual comfort of daylight, the comfort oFigure23. Comfortdle kitchen. DDH

appliances perceived as fit ftite activitymake the kitchens an attractivdgzre for spending time

in and potentially cooking, individuglbr in group(Figure23).
WIF O1%¥551 0 aXAiQa NBlIffe yaAOSz t2pStesx NBIffe
facing out ae just windows, literayl just glas and the sun light illuminates the whole
room and honestly you walk in there and you can seacatiss London yocan see the

London Eye in the distance and the Shard really nice view and even at nigh is really nice,
yodz Ol y &SS idkd kndvazhed B comes koytooking we all kind of thought

1AGOKSY &2dz Oy 0221 6KFGSHSNI e2dz 61 yi XIff
place for the day honést @ ANB K Q&

02 | &y S¥ tinterestingdwé used to cook together, ... one day a person would cook,
thenextday someon€t &S g2dzf R 0221 X «a

Occupants also highlight some of the shortcomings of kitchen and living areas thatedwne

their comfort. The thermalcomfort concerns are the first one mentioned:

al NAR2Y X/ /0 XL GKAY] |ohér OfatbrbecddeidgetRquiteNR 6 | 0 f &
cold there because it's quite big and in the winter it might be a bit chilli to b&iNGB X €
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While Marion@ accountdoes not explicitly discuss avoiding the kitchen due to its uncomfortably
low temperatureshe does project ath unpleasantly ad environment for the winter months,

which may potentially prompt him to avoid the space.

Socalization
Socializing is key ned for occupants moving to their new accommodations as exemplified by

Andy below, who arrives to the accommadigas and tries® know people around him.

0! yYR&Xttvy GXAYy GKS ¢
just went to differentparties, made friends,aj to
know other people, made acquaintances, it we
all good, basically, the first week, the first coup
of weeks wergust about part & &

02 &y SXtltthink it's & Xice, you know it

brings people togethedoesn't iX € ]
While socializing within the miti-tenant student
apartment may also depend on the social relationshi
occupants already have with each other, theggnce of
kitchers that are perceived to be comfortable i
accommodating social activities can be fairly assumoed
facilitate group evats. Michal below, although may not
join all events his recounts tell of being accustomed
having potentially frequen social events n the

accommodating kitchen:

Michael@PPQa X L G KAY {1 Ff K
OKAY1AYy3a RYY oRY GKES 1§
R S I NX whendtlizi have flat parties in there

dzyt S8a (GKS& INB Ay oXi!

Figure24. Groupdining area and the kitchen.C(
l YR@ Q& NBeWedldayfal whitethé rday not be using the kitchen ofagartment, he does

join social events in other kitclhe of occupants of theasne buildhg, who are in his social

network.

61 yREXttvO ax28tt FANEBG (KS 1A0O0KSKd, 61 a
If 6K2dAKZ L R2y Qi NXobd thing todmvé a goédScomfdrtabld K S y
kitthen whereydz Ol y & A (i liing Ran/aréaQyou haz MIBable, workspace to

R2 &2dzNJ 0221 Ay3s GKIFG 614 322 RKOKSWSH A YS3
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Suzan highlights the building and the view frome tkitchens and that she prepares dinner
together with her cohabitants. In hecase the kchens also seem to be a place of knowledge

exchange, besides social gatherings and cooking.

6{dd I yXaQa laXySa 6dzAf RAyar GKS dmimy@t®ry A& YT A
Ad FYFTAYy3IsS FTKYX | KRG&aSay o a Kbrikd prefud@ ey 50 OX
RAYYSNX & aL Y Syezgz2eéeiyd 0221AyIAXeKSYy L 02271 |y
my goodness W i avySftfta a2 3F22RX &2 ¢Stfood, yoy | 62 dzi Odz
know, all of us cooks, sometimes we talhoat fashion, we talk adut traveling, you

1y262 | 0O02dz2LX S 2F GKAy3da ¢S OFy RAaOdzaasz ¢KAOK
actually ny roommate | told you, two of them are international stateeso in general you

are talking about one, two, th@> F 2 dzNE dF AIGHSEBcaixiedtrXahoutk loOof

GKAY3IEaX a

Similarly, Matt confirms the social nature the kitchens may have:

(MattX t t v Umost of the time | tend to make my own meals batasionally we do

aKI NB YSIfaXx ¢S dehatfoveQi ndal vibigidavgKgbodd | y
Hence socialization may be conceptualized as a significant occupant need which if supported by
the design of kitchens and communal areas of the accommodstiog act as a stage for social
gatherings, for partyig, for cooking togethertthat potertially has beneficial environmental

outcomes via shared resource use these activities imply.

Attractivenessand Novelty
Some occupants while expressing their conteetrhwith the kitchen of the accommodation, also
highlight that the reason ofeecting he accommodation in the first place was the fact that the

building was new and that it has a nicattractivekitchen.

61 F NNBEX551 0 aXAd 6 &o dhobsekhis Spoffié dc@nyimotiatidR)SIOA & A 2y 6
really likedthe fact that it was a tandnew bdzA f RAy 33 &SI KX 4SS gSNB GKS
YR 6S KIFE@S | NBIftea yAO0S 10ASI00 k&yS 20N S\B/(YSLNESSa ¢
I NOKAGSOGdzNE & yRI  REGR IAYXLINBEKENEXG2 06S Ay ||y
82dzNJ A0 dzRAS&aXad

Harry aso reportsthe use of the kitchen for cooking as a social activity.

0l I NNE X 5 5 leah, definRBely (we cook togetherespecially that one of my
flatmates is really good in the kitchen preparing dinner and we just go intottheekiand
6S 0221 X¢
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Wha this al® means that the attractiveness and novelty of the kitchens may prompt @etap
to use the space for group oking practices potentially easing the environmental impact of the

accommodation.

Conclusion

Student recountsof mundane activities neeal kitctken and living areas of the mulbccupancy
apartments as focus points of meal preparation practices and ofig®vents where student
socialize. The design of the kitchens incorporating size, layout, windows and ligjsiegns,
furniture and eqiipment, may at as facilitators of these activities when they are perceived by
participants to be comfortable, to allowocialization and are found attractive via their novelty
and aesthetics. Since the group activities, be it aoplor just spending tim together have a

character of shared resource use these may also be considered as environmentally beneficial.

Comfort

View and
Kitchen lights .
e : S p—— Cooking and

+ layout comfort shared resource
+ windows Spaciousness use

+ furniture
+ equipment Individual
Socialization resource use

Attractiveness
Novelty
Aesthetics

Figure25. Cooking and shared resource use

Figure 25. is the graphical representation of how the kitchen design may relate ofepezd
occupant needs ah the potentially resulting environmentally significant occupant behaviours.
The environmently more detrimental occupat action of using resources individuallgnd
potentiallyincreased waste generatigare linked to occupant rezls of comfort, social&ion and
attractiveness with dashed red lines since the occupant recounts do not discusbewtllee
missing design sygort of these needs is a strong enough deterrent to moderate use of kitchen

and living areas for cooking and gpoactivities.
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4.3.2.4. Wastemanagementind recycling

Ease of use recognizability and guidance
One of the many aspectsf ahe recycling facilitieghat seem to support or hinder recycling
practices are thevisual signsnforming and guiding occupants on how &dequately separate

waste and asuch making recycling easy.

When looking at the bins in the student flats, studgnsuch as Jaden, report mibstacles in
recycling because the signs on the bins are clear and enable separation of waste correctly. They
also report people fromheir socid network are picking up recycling and weaving that into their

fabric of daily halts.

0 WF RSy X551 0kndivXrecycihg, théalis a
OAd aArldy 2y 2dz2NJ oAya al eaA: - NB Oe Of
320 O2YvLlRali omiyaa XxOz2iy JSKASHEG T |

evelyone, so dot of people are choosing to do that
gl e X¢g

having started to recycle since they moved into their ne

accommodatiorat PPQseeFigure26.). Figure26. Waste bins guidg recycling.

At the same time, other participants like Harry, talk about the rbegcfacilities from the
basement of their accommodation. He complains that the signage of the bins are urdfaim
therefore it does no help remgnize their function, making recycling difficult. Later, he also
reports his flat stopped recycling, sinces liohabitants do not believe anyone could tell the

difference what bins were meant to hold which type of wastéhe bagment.

(Harry X551 0 RBY QO ply 263>
because they are all just same bins

that have the exact same labe
(iKSe R2yQli adtby

Although there are signoon the wall

applied with the potential intention to

guide occupants on where to dischwhat
type of waste, onFigure 27., it is well Figure27.Scatered, uniform receptaclesaking recyclig unclear.
visible that the bins are scattered and hence it is not clelickvlabel matches which bin. When

Harry mentioned that the binshave the exact same laldglhe probably meanto highlight this
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particular shorcoming of the waste management facilities. Given the labels are not guiding in this
case since the bins areadtered, the colour of the bins could be another guidance on how to
adequately separate waste. However, as vl visible, the binsll have he same colour, as also
revealed by Harry when sayinthey are all just same biasTherefore, recycling isepceived as
cumbersome and difficult due to the lack of recognizability of the destination of the waste and

lackof visual guidance.

The aboveexamples illustrate well the importance for the bins to be perceived as easy to use via

visuals guiding sustaable behaviours, in order for sustainable waste separation to happen.

Furthermore, these stories are alsdliieg of the importanceof ensurirg ease of use by providing
clear visuals along a penvironmental procesghat happens in several stages. Bawing
recycling easy and hang the recycle bins stand out in the flat is not enough if in later stages of
the waste management procssit is na clear where residents should deposit the separated
waste and hence the recycling is perceived to be lesy.€Bisus, each stage should sopp
occupant needs of ease of use by providing clear and easy to follow guidare®v to separate
wastecorrectly. Figure28. depicts the waste management offacility where several visualgnals

and guidance is likely to help occupants recycle more easily.

- - -

Figure28. Colour coded androuped receptcles supporting recycling
Ease of use interaction with the bins

Another aspect which sees to shap waste separation and

recycling practices is the occupant perception of how easy it i
interact and use th bins. When occupants report depositing t
waste physically cumbersome, it seems to act as a barrier .
correct recycling and waste amagement.n thiscase, occupants
discuss waste disposal shafts outside the building. Although [t

shafts are well diffrentiated by separate colours and separafe= .
Figure29. Wasteshafts PPQ

openings potentially aiding separation and recycling, occupa

report not to recycle due todifficulties in y § SNI OGAy 3 S6AGK GKS FI OAf

recount reveals that the waste bags do notifiito the shaftsFigure29. shows the shafts as PPQ.
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(MichaSf Xt t 'é reay¥t Ay 3 & OKS Yobiside, K&Q BS yAXDSNE AyiSNBa
t

O2yOSLIi 2F KIFI@Ay3a akKlFda d2 | OF N LIN] R26y 0S
because the shafts get full and they overflow and then you obviously have to like have
overflowed binsinaR A (i Qa 2c&&awlX oAG 2F | O

Ance Qetount reveals that the issue with the waste shafts is that the lid does not open entirely,

making discating the waste bags difficult.

6! YREXttvO aXb2id NBFff&XAT dloedtKlike/pbthel o0 SOl dza S |
recycling itemsni the recgle bin but when you go downstairs to throw them first of all
GKSe KIF@S tA1S T2 dzNJfaurAbifisithef &eNdotlieill3, | mefary'thep | 34 X (1 K2 & ¢
R2Yy QG NBFffe g2N]lZ o0SOFfzh 6 X & B tieRoB PpaysL dAGSyYy 2 LIS
outsice and that area where the bins usually are and you jtistow the bin bags
GKSNBEXAGQa y20 tAQ S NBOeOftAy3a AidQa ff GNI AKX

The above examples depict the importance of perceived ease of use of interaction witmghe b

Even though dicarding waste is peraaid easyn terms of where to put which type of waste, the

interaction itself is still perceived difficult, potentiallyading occupants not to discard waste in

the right place and hence not to recycle. Furthemmothe lack ofperceivedease ofuse of

interacting with the bins, besides interfering with correct waste separation and recycling practices

seems to als promote littering since occupants report abandoning the waste bags next to the

shafts.

When prompted on potenal solutions ¢ the issie above acupants reveal preference to have
the waste shafts in the kitchen that transports the rubbish down, so theyaet need to come

down with the bags and discard them outside the building.

0! yYReEXttvoaXxXz2y$S dydaig the réy8ingdirs yo fitthénd pidpérly to
KIS NBOeOfAy3a oAya RANBOGEE FNRY GKS ({AGOKSy |
haoS G2 GNI} @St G2 3ISG GKS oAy o6F3& 2dziR22NE a2
them in front of you havéo do actuallynothing,youcan ® G dz t f @ NBEO& Of SXgKe& & 2¢
to go through all the trouble and not to throw your bin bag in any bin you Knfl NS X ¢

In conclusion, perceived ease of interacting with waste management facilities seems to be

conducive of coect waste sepration axd recyclng. Where facilities are perceived to be

cumbersome to interact with, occupants may abandon recycling deggis¢ efforts to provide

visual signals that would otherwise aid and guide them to recycle correctly.

Comfort;, proximity of thebins
Recyling may also be helped or hampered by theomfort of performing the action. In the

present analysis comfort was assateid with the perceived proximity of the receptaclesTo
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exemplify, some residents report not to recycle wharthieir bedroomsince ttey find the recycle

bins, which are in the kitchen, to be very distant.

OW2KY X551 0 aX &SI KX mydeskShdy} JAY:
G§KSNBE INB GKAy3&a fA 1||$whaﬂ|the3 i K
LINEO6fSY A&z | KYZto rotil® dothareddzyl S

becauisethe ki OKSy A& a2 0Of2as
glrt1Ay3 Fgle L R2yQl NBI
waste on my bed and carry out later, so the easiest thing
to just dump it in thebin by your feet but yes{iiQa 3 :
gl aldSotktyddt XA T GKSNBE 41l & \Y G6KAOK K
section for recycling staff, yeah | would use that definitely=— -
than you knowcarry that to main bin once a week but the

A&y Qi smafl amountastaff to get through but it doeFigure3o. Paper waste while
hl LILISY X é working

Oal GUXt mprdomd@INg 6 6f & R2y QG NBOe Ot ST odzi A
GKAy3as gKAES Ay Yé&za SIi2@2NSNB Ok ¥ Qiy SIBOR YOS

In other cases, however, students mpgoing for some distance to dispose of wastereotly.

o WI O1 X 5 5ubtjumpindh Lift outside of my flat, go to the ground floor, come out

YR GKS 0Aya FNB {KSINGX OBNEE ORaySHSHEA Sly (K XD
This raises the question what is comfortaliigear in recycling. It may welbe that the
differentiating factoris not the physical distance but other situational factors. John above is in his
room, working at his desk.eRycling a sheet of paper by usiagecycle bin in another area of the
apartment means interrupting work, breadg focus, performing th recyclig, then returning and
refocusing on work. This may just be too much of an effort. Instead John uses the Igeasta
bin in his room which alles him more comfort and uninterrupted work. It may also well be that,
if occumnts are in the comforand privag of their rooms, even if they are not working, they may
find it uncomfortable to leave their private spacerecycle. On the other hand, Jaacounts of
gumpinge into the elevator and going downstairs to dispose of t®adhis might be a défent
fromw2 Ky Qa OFasS aiyoS WOl R2Sa-deyhanding acgvayyfor (i 2
recycling. FurthermoreJack may already be outside a very private contexhesis not giving up

privacy.

Thus, the perceived comfbof the proximity or décation ofthe bins may be significant in how
sustainably occupants manage the waste. This also means that in sustaatiommodations
having recycle bins in student roomsaynaid occupants in their recycling behaviour and improve

on overall waste manageent.
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Hygene( cleanliness of the bins

The studied cases show that wherever it is unhygienic to

dispose of the wastearrectly, students may stop recycling

and not recycling becomes the common way of managi_;lg
waste in the multiresident flats. The casef@ partigpant
who is swayed to take this path of action stands out he;e.
The occupant reports ti®ng initial intentions to recycle o
already having had the habit of recycling from home. T
notice the bins get dirty easily and themake repeated
efforts to clean hose, but finally give up on recycling due

hygiene concerns. Hence, the perceivedcklat hygiene of a Figure 31. Unhygienic bins deterril
. .. . . .. recycling.

sushinabilityserving device completely deters participant.
from performing a preenvironmental behaviour despiteaglier positive habits rad strongpro-

environmental attitudes.

61 I NNEX551 0GCNRY GKS &0l NI pu &f pMtlh@itBimsinA y LIS 2 LI S

GKFG oAy @SNE |jdzi O] t & Xy enallizéefy filthyito idalila biRA NI & = A

iningtoii X L Of Sk thiBgRnmii shandrculiclelnfeNdtimes which is utterly

RAA3dzAGAY 3 (NEAY Ithalimint NSjERIDBEQ il KA 3 BRXMI2I ¥ & Y2 NBXE
Figure 31. shows the problematic bins, with the smalilack, lidcovered opemgs for rdéuse

waste and large openings for recyclables.

In conclusion, the present study argues that perceived hygiémssing the recycle and waste bins

may be a significant contributdo how sustainably occupants manage theaste.

Conclusion

Overal recyclig and waste management in student accommodations is reflected by occupant
recounts to be a complex and mu#tage process potentially sensitive to several aspects of how
occupairts perceive key qualities of the waste maeratent facilities. Whendkilitiesare perceived
easy to use due to recognizability aided by good visual guidance, and ease of interactidmgecyc
behaviours seem to be more prevalent. Additionally, perceivenhfort of the proximity and
location of thebins may also sway sugtability of waste management practices. Finally, how far
occupants perceive the facilities to support their need fogibeype may also be a significant factor

in sustainability of waste siposal behavioursFigure32. summarizes therelationships inferred.
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Waste
management
facilities.
+ waste bins
+ recycle bins
+ location
+ visual signifiers

Figure32. Recycling behaviour

Comfort
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Recycling
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Recognizability
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4.3.2.5. Vertical transport
Stdr use and elevator use are mundane and frequent within the accommodations and may
impact the energy consumptionf the building. The me often cccupants use the stairs, the least

often they use the elevators and hence the least electricity the buildiag nse

Comfort
The occupant recounts reveal that when the accommodations are equipped with both stairs and

elevators, residents tendat prefer aking the elevators.

6 WI O X 5l5ive @t thé geemth floor but there are eight floors up so mean | never
reale G118 GKS adl ANB X
The same occupant does not only take the elevator for ascending in the buildinglsoufor

descending.

(Jack@DDH} ®jasthjump in the lift outside of my flat, go to the ground floor come out
YR GKS oA&a I NB (GKSNBX
While taking the elevators, whether ascending or descending, could be acceptable in case of Jack
as he lives on theeventh floor, he also emtions that using the elevator instead of the stairs is

the norm in the accommodation, regardless of floor level.

A

(Jack®b | VodzX o6& FyR fI NAS SOSNe2yS GF1Sa GKS fATFaX
This assumption is supported by the recounts of occupantstiodr accommodations, énce it

may be a general, placgedependent pattern:

oal NAR2yKAY 02 XiKS aS$02yR Biv@taEthelelovanly 24 JI2Ay 3

al NA2y Q& | 002dzyd TFdzNIKSNI adzllll2 NI a GKS FaadzyLiiazy
accommodations, independw of the floor level where they reside, mainly rely on the elevators.

The main reason behiralvoidingthe stairs is eported to be the physical comfosrlevators afford

by savingeffort required for walkig the stairs, thus theamfort of effortlessly getting from one

floor to another With other words, taking the elevator is perceived to be physicallyeeasid

less strenuous than walking the stairs, which is not a surprising result.
0 al NRA 2y KK justicondenient you knownaybe if lwas on the first floor, | would

1S GKS adrFrANR o0dzi GKS &aSO2yR Tf22theXd L 2dzad
elevator climbing up is always elevator, alwsys
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Marion goes on revealing that many people @ake elevator even ifitey resideon lower floors,
GKAOK SOK2Sa WFHO1Qa NBO2dzyiad ¢KS YIAYy NBI a

affords toth physically and in terms of waiting time.

0 al N 2 ytKirhk/stairs a@re popular from the firfbor and I've seen petgfrom the
first floor take the elevator as well as a few times and | mean | don't want to complain but
people do take the elevat even from the first; third floor fourth floor you expect them to
take the elevator unless someorwimn a rush yeah | think giventhe choice majority of
the people will take the elevator because it's little effort press the button you go down if
you're in a rush maybe let me just take the elevator it's quicker or maybe just take the
adl ANBXE
Neverthdess, seconds later theame partDA LI yi a2 T4 Sy a | dways take@e 2 dzy
elevatdNJand he reveals that although usually he takes the eleyaonetimes he also takes the

stairs:

dal NA2y#zabzb f X GF 1S GKS St S Gtaits2dédcexding i &S
maybe half th £ & X
Shereveals that although taking the elevator is more convenient and comfortable, occasionally he
does take the stirs especially when he descends in the buildifidnis latter is an interesting
finding if we comp NB A ¢ A (nKpre¥¢hed htibv@. AhOUQIR baeth participants report
excessive elevator use, the one who lives on the sedloud reports to take tle siirs for
descending compared with the other participant from the seventh floor who only uses t
elevator, irrespectig of whettrer he travels up or down. This could mean that there might be a
relationship between the floor level student reside and g&devator use. The higher occupants
reside in the building the more likely it may be they wivays choose the elevatanstead d the
stairs even for descending. Conversely, the lower they reside, the more likely they will also choose

the stairs for decerding.

Marion continues revealing that in fashedoes sometimes take the stairs:

7 ~ s A

(Marion@ / Dthink out of 10imes Iwil G F 1S @K St 802N 4aS @

and that first floor residents may be using stairs more commonly:

(Marion@CC§ L (i K Aafelpopéldr frofn ik first floor and I've seen people from the
first floor take the elevator & ¢St | a | FSg GAYSas¢

Overall, he recounts above imply that staircase use may be significantly reduced by perceiving
their use as more effortful and less comfible than the use of their electricity intensive

alternative, the lifts. The lower floor lexls may facilitate use fostairs b some extent since

127



occupants may perceive the effort implied to use them as acceptable. However even lower level
residents seento be heavy elevator users and take the stairs mainly to desaemdich is

potentially percéved as significantly e comforiable than climbing the stairs.

Waiting times perceived uncomfortably long also seem to tip the balance in the favour of stair

use

(Marion@CCxx X dzadzl t f & @¢Keé L R2ydd G11S GKS g G2 NI

St
elevator button and if it does ot come inmediately then | take the stairs.a YR
a Xnless someone is in a rush yeah | think it given the choice majority of the pébple
GFr1S GKS St S@Fi2NXE
Which means that staircase use may become the more attractive optiwan they are perceived

as the fater mode of vertical transport.

Finally, besides the comfort of lower effort and faster transport, convenience of location enay b
anf RRAGAZ2YFE O2YLRYSYyd 2F O2YTFT2NI GKI Gxpnse 6S &aA3IyA
that having stais in a moe approachable location may prompt occupants to use those more

frequently.

6 WI R Sy %6 ibthere wauld be stairs that wheredd R 2dza i o6+ f 1 ad NI AIKG
J2Ay3 AGNI AIKEG dzXiGi2 GKSKEBBW@SNIKI B ari@2 dzf RG o S H S
conwenient to take the stairs if you have to (go arouad)

LYy WFRSyYyQa I O002YY2RIGA2ya (KS A& latcdsdediviainlroutd y 3  dzLJ G 2

that may be found cumbersome for occupants to take. Conversely, thateles are easier to

acess makinghose the first choice of occupants. It can be argued that stairs located more

conveniently then elevators may prompt occupaischose the stairs more often, at least for

reaching the lower floors.

Health
al NA 2 y @s for NeKirtg &2 stairsnstead d the elevators also reveal the scenario when
occupants return from sport related activities and want to avoid cognitive dissmng@king the

elevator would create.

0 al NRA 2y Just thak | omlXtake the staircase whéme gone or come backoim the
gy 0SOFdzasS L R2ydd tA1S 21le& LUY 2dzaid O2YAy3a ¥

Hence, stair use may be perceivedaalealthy activity while elevator use as a less healthy mode
of vertical transport, potentily explaining why Mario choosesstairs over elevators wheshe

returns from the gym. Suzan below also associates stair use with health, and although a stair user
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out of necessity not out of choice, her association enforces that stair use is perceiacleadth

conducive actiity.

(Suzg X a | OthaokXthere is no lift because | would getf&¢ I W RGO KA & Aa
(referring to climbing stairsy you justconvinceyoMB St F G KF G A GQ&a 3I22F
X¢

Therefore, it may be assumed that pendag stairs as health pportive \ertical transport devices

may facilitate their use as an alternative to elevators, concomitantly moderating the

environmentaltoll of elewators.

Attractiveness
Finally, some participants argue that making stairs more etitra may potentially say, at lest

lower level, residents to use them more frequently.

0 LA | X 2rid @nd dipper floor people don't use the stairs, stefy could makehat
more interesting would be coold.
While this is a completely hypothetical argent, it may well be V& that having stairs that are

perceived attractive my prompt occupants to explore and use the stairs.

Conclusion
Occupants of sustainable accomdations seem to rely heavily on elevators instead of stairs,
which is consideredot generate higher energyise and herefore is more environmentally

detrimental. While higher level residents seem to be permanent users of elevators lower level

Comfort
Effort

Waiting time
Convenient
Staircases location
+ elevators
+ floor level
+ location

Stair use

Attractiveness
Elevator use

Healthiness

Figure33. Stair use in sustainable accommodations.
residents¢ up to second floor may occasionally use the stairs. Stair use seems to become a
viable alternative to eleator usewhen the comfort associated to using stacompetes with that
of elevator use. Based on occupant recouotsmfort seems to mean the perived effort needed

to take the stairs, the conveniently short time to complete thertical transport and te
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convenence of the location of the stairs. Whetagcases are perceived to provide comfortable
use along the meaning mentioned aboveccupants mg be more likely to use the stairs.
Additionally, some results indicate that atttiveness of staircasemay also #Hract more
frequent stair use. Finally, @&t use may be associated to health believes of occupants. Hence
staircases that convey healthla¢ed images or messages may be perceived by occupants as a
healthier option and pssibly prompt more prealent use.Figure33. depicts how the stairs with

the related and sometimes competing design features, together anegoperceived by occupants

to support their needs for comfort, health and attrastness, potenglly tilting behavours

between stair use or elevator use.
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4.4.Conclusiort emergence of the FNB map
The present study set out to fill the literature gap anddarstand how sustainable
accommodations may afford sustainable occupant behavidkirsugh the leses of ccupant
perceptions. By relying on data gathered and analysed with Grounded Theory, it arrives to a set of
inferences that may constitute a consistemiswer to the question it set out to respond to, and

points towards newly constaied theoreticd undersanding.

More specifically, the occupant recounts of living in sustainable accommodations reveal a set of
behaviour patterns, some of whicimay be supportive of sustainability while others may be
detrimental. The sustainability ohé underlying ocupant ehavioursseems to be swayed by
various occupant perceptions linked to the sustainable building. These perceptions are concerned
with occupant needsmore precisely with how occupant needs are perceived to be supported or
hindered ty the sustainale buildhg (highlevel affordances), and its design features (detailed
affordances). Hence, the need supportive quality of the sustainable accommodationtsand i

relationship with the sustainability of occupant behaviour becomes apparent.

When the sustainble acconmodation s perceived by future and present occupants to match
their multifaceted expectations and needs (hilglvel affordances) such as privacy,esafand
security, novelty or modern appearance and are believed to be sustaicialel¢o their navelty

and modern agpearance, occupants may choose to live in the sustainable accommodations and
may report becoming more sustainable. Conversely, when thealibgs are perceived not to
support needs such as privacy, anecdotal evidence stgghat residats may ake a less
sustainable decisiorand leave their accommodationsand move to other potentially less
sustainable residences. Therefore, ensurihgttthe sustainable accommodation is perceived to
afford, and support occupanbeeds identified n this study, night be vital for encouraging
occupants to make the sustainable choice of moving into and living in sustainable

accommodations and to ensuring@d occupancy rates in sustainable accommodations.

On a more granular levemuch closer to builing features,a similar pattern emerged from the
analytic process. When occupants perceive the building features support needs such as comfort,
control, privay ease of use or hygiene, their environmentally significant behaviours sulajha

use, heatig andventilation, or waste management seem to be more sustainable. Conversely,
when the same needs are less well supported by the design, occupant recowetsl tess
sustainable light use, heating and ventilation, and waste managemedtices to namebut a

few. Thesb-da SOGA2Yya 2F adanododn 5SGFATSR FFF2NRE YOS

this conclusion, discuss and visualize individually the design features (F) found potentially
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significant in swaying sustainable actiprthe occupant needs (N) those faets may have to
support in order to promote sustainable use, and the resulting environmentally significant
behaviours (B) of occupants. Overlaying the visual representations of features, occupant needs
and relevant behviours the below (FNB) map resu(&igure 35), strongly suggesting that the
perceived support of occupant needs might also be crucial on a detailed level to enable and

promote sustainable occupant behaviours in the sustainabtemmodations

At the first glance, the FNB magfFigure 35) also seems to indicate via the level of inter
connectedness of the labels, the occupargedsthat are most imprtant to be supported by
design in order to enable sustainable use. As suatymsnt comfort is connected to most design
featuresand to the most occupant behaviours, signalling it is pivotal to supporting sustainable

behaviours bydesigh. This may iniéllly entice designers to focus first and foremost on the

Features (F) Needs (N) Behaviour (B)

Using natural
lights

Recycling
Privacy
Heating correctly
Control
Turning off lights
Comfort
Taking stairs

Ease of use
Cooking and

sharing resources
Hygiene . —
Using artificial

lights
Attractiveness

Heating with loss
Health
No recycling
Socialization
Using elevator

Figure34.0ccupanfeatureNeedBehavour (FNB) map ‘ Individual
resource use

support of the most wedconnected needs by design. However, the caserivbpy and light use
advises strongly against overlooking less swetinected needs from the FNB maks previously
shown inthe section on privacy and light use in rooms, although occupants favour négiral
and enjoy the comfort of good daylight whichay prompt reduced artificial light use, when

privacy is perceived missing occupants sacrifice natigla to restore privacy, and use artificial

132



light during the day. This means that all expected duostaility advantages of designing a
comfortably brght room may be annulled by -8upported privacy in bedrooms, potentially
explaining part of the padox of unsustainable us of technically sustainable buildings.
Therefore, this study advocates for siltaneous design support for all occupant needs be t

FNB table when designing for sustainable occupant behaviour. While this might be considered a
signficant additional chaktnge for architecture, the contention of the researcher based on their
earlier cesign experience is that since architectural desgyalready equipped with methods to
cater for a plethora of hard and soft requirements and regulajoihmay also accommade a

structured support for occupant needs within reasonable effort.

In condusion, the overarching theoreticalnderstanding deeloped from the data is that the
sustainability of occupant behaviours may be shaped by how far tlidihg in this case th
sustainable accommodation, and its architectural elements and design featuieeperceived by
occupants to be supportive of ogoant needs. This was found relevant for both: behaviours
governed by highevel affordancesuch assdecting or leaving susinable accommodationsand
behaviours involving specific building elementsl deaturesq governed by perceived support of
occupar needs or detailed affordances; constituting two pillars for the developed theoretical
understanding However, the latter goup, the interactions with more granular building features,
are the ones of aatral concern for this thesis, given its clearer andre direct connection to the
sustainaliity of the sustainable accommodation and is therefore furthreregigated in upconmg

chapters.
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5. Occupan@uirveySudy

5.1.Introduction

The present study aims twerify quantitatively the theoretical understading developed
qualitatively from the Occuparhterview Sudy, in order to complement and increaseetivaldity

of the findngs The analysis afccupantinterviews inferred a map aflesign features that might

be related tospecific environmentally sigiity’ i 06 SKI @A 2 dzNBE (G KNR dzZ3K (K
needs such asomfort, control, privacy, ease ase and hygiene The gquantitative study seeks
statisticd support for the most slient relationshis (Figure 36.) between the fulfilment of
NEaARSYyGaQ ySSRa | yR Sy @A NRthev®nfribltiig to@dwaid R S N.

the first research question of the thesis:

How do occupants of sustaitde student accommodations perceive the building affords

environmentally sustainable behaviours and building interactions?

Features (F) Needs (N) Behaviour (B)

Using natural

/ lights
7 Privacy Recycling
Windows <
| windous S i
j’ Control N Heating correctly
Occupant Sensors 4 W
N\ )‘, N . .
Nia Comfort A Turning off lights
. ] 7 7‘\‘"
Heating & //J{/ \.\
Ventilation syst. I \{ \ Using artificial
,j,’ Ease of use \ lights
Recycling facilities S AN
N : ‘ Heating with loss
= Hygiene \

No recycling
Figure36. Inferencesrbm occupantinterviews

Those theorised need support - behaviour relationshipswhich are found to be statisticaly

signficantby the present studywill constitute the core focus of the thesis

The chapter will continue with the Methodology section detailing the methodological

considerationsthe design of the queginnaire,sampling anddata collection and data analysis.
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This will be followed by thd&kesultsection providing a&omprehensivegresentation of theresults

of the statidical tests.Findly, the Conclugn sectionwill end this chapter.
5.2.Methodology

5.2.1Methodological considerations
In order to statistically explore theNBf I G A2y aKAL] 0 $dedsS&Ey thehBaA RSy (1aQ
environmentally significant behaviours in the inveat@d acommodations, th research

considered a range of data gathering methods that coulthé aim.

Online occupantsurveying was identified as theedl data gathering method sincé allows
capturing occupant perceptions of their environment and repm behaviours perfamed in
highly private, homdike environmentshardlyaccessibléo other data gathering methods such as
observations. Furthermoresurveys allow prompting for reasing on certain actions, which
observations or energy use measurememanmt provide. Additionally, online surveybecame
the method of choice lao due to the resource limitations the Pm&searchfaced.Finally, online
surveys can be made accessible ddarge number of occupants increasing thalidity of the

findings.

Gollection of secondarglata, such as energy use measurement or water usesoreaents, was
also considered. However, the sites only had aggregated datauitging block or by floor leve
and not at the granularity required by the study (i.e. at room levelithermore, the opeators of
investigated sites handled all energy usedavater use data with confidentiality and resisted

invitations to share anyype of consumption data.

5.2.2Desiging the questionnaire
The final questionnairealso included in the Agendix 10.5 of this thesis,consisted of 55
questions grouped in five main sections. The first four sections focused on handartificial
light use in sident rooms; natural and artificial light use in the livisugd kitchen areas; heathg
and ventilation practices in student rooms; and waste management practices in student rooms,
kitchensand communal areasf the studied acommodations. The final sectiggrompted for
demographic data on age, gender, geographic origin, paaccy details such as @sidency

duration, and floor level and room orientation.

9FOK 2F GKS TFANRG F2dzNJ ASO0A 2y dndobdBvivohddeStat T2 NJ & (0 dzR
qualities, the related environmental and energy relevant behaviours and reagowintose

behaviours.The rationa¢ behindselecting the includetdehaviours is thie frequentrecurrencein
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the interviews ofthe Occupantnterview Study.This naturally mearthat not all inferences of the
interview study could beverified. However, th decision had to be made in order to control the

size of the questionnaire.

The questions of the questionita were formulated by systematally reviewing student recounts
from the interviewsand phrasingquedions and answersn the manner ofthose recounts. Each

section of the questionnaire that focused on perceptions and behaviours contained:

1 Questions captung the perceptions associatetd the physical environment such as
brightness of aoom, or perceivedemperature. These qu&tions generated ordinal data
from five points, Likerscale questionsE.g.Q3_1 to Q3_5 of the Occupant Survey from
the Apperdix.

1 Questions prompting for sméfic behaviours such as duration of using artifidights or
frequency ofrecycling. Thesguestions generated ratio/interval datahere possible E.g.
See Q7 or Q11 of the Occupant Survey from the Appendix.

I Questions ér capturing reasoning for penfming behaviours of interest. These questions

generded nominal datakE.g. 8e Q6 or Q9 of ta Occupant Survey from the Appendix.

The questions capturing occupant perceptiasfsindoor environmental qualiies (IEQ)of their
residencewere developed using two considerationBhe primary basevas theway ocapants
explained in the interviews how they perceivd their residence in terms ofbrightness
temperature or air quality.Second,a review of the most widely esl standardisedsurveys
concernad, among otherswith perceptionsof IEQ was undertakenand their common use of

analysis.

Perception related questionsonm directly linked tolEQ such as the questions capturing visual
privacy or the cleanliness of waste managemefdcilities were constructedfrom occupant
interviews andgererated 5-point, ordinal data, that would allow correlational explorationsThese
questions asked respandents to mark how far they agreed or disagreed wé&hpredefined
statement with the middle choice beingeutral. Or to mark how they assessedsaecificaspet
of a design feaire ona pre-defined scalevith a neutral middle lsoice. Theaspects prompted fqr
such as cleanliness of a lmWnease of use dd design featurehad beenidentified inthe Occupant

Interview Study

The questions aessiig susainability of behavious were phrased in a manner that would

quantify the use of a resourgsuch as light or heatg, and would allow gneration ofratio data.
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In thee cases,the questionnaire capturedime duration of resource useHowever, some
environmentdly significant behaviours were not as straightfand to capture andmake
compamble. For instance, sustainability of waste managent could not be measured inntie.
Instead questions were designetb capture frequency and correatss ofwaste management

which combinegdserve as an indicatdor sustairability ofwaste managemenractions

Finally, the questions capturing reasonings behaviours were constructeilom the interview
responsesThese appeamn the arvey as ®lectable responsedo a question allowing multiple
choicesbr aSR 2y GKS NXaS| Niékafmbddotidon nag Bedaffodnedefo G K I
multiple reasons.Since reasons for actions wem@nsidered un-comparable conceptsthe

questionsintended to geneate nominal data

In line wth best practices applicable feurvey studiegvan Teijlingen & Hundley, 2008 pilot
study was performedd test the clarity and relevance of the questions, and the duratiotakihg

the survey.Participants in the pilot study were sampledfrom the four sites of interest. A
professor of Environmental Psychobgy has also been asked tprovide feedback on the
questionnaire. The provided expert and respent feedbackwere incomporated in the final
versionacross sixérations of improvementsincreasing the internal validity of the questionnaire.
Finally,the online questionnaire was litiand made available through the Bristol Online Survey

tool (www.onlinesurveys.ac.gk
5.2.3Sampling and data collection

Pilot study

Residents of the studied accommodations wameited to provide feedback orhe preliminary
questionnaire.They were mntacted through social media groups of the accommodatians
through emailalready provided in the intefew studywith their consentfor being contated for
further studies Interested participants were asked to complete the preliminary questionnetire
to provide feedback on the wording and clarity of the quassi and on the necessary time to
complete the survey.The respondents signallethat, for instance selfregulating ventation
devices areot commonly known tostudentsand theterm ctrickle venté may be more commonly
used They also suggestethat including imagesof trickle ventswould easeidentifying those
Consequently two example hks showing pictures of tricklevents from the stdied
accommodationsvere added to the survey at QZBpperdix 10.5). Similarly the orighal wording
to descrbe light sources in the room was changed from the use of initilLIO W Asihde Ghe
pilot participants felt theuse of ¥ I Y LJQ AddNdDaly qiiedtidns aning to graspduration of
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light-usewere changed from an initiaylopen-endedresponseform to a set of predefineaptions.
Finally when pilot participats LINE @A RS R 02 Y W&sbly SimplifgaBeKchoicés; | got
confused in terms of middiigh ard middleft 2 6 F 2 NJ Adiffiduii to §igGr& aut wha they

would beé, the responsechoices were rephrased

The survey was updated with each feedk and theupdated surveys were sent out to those
participants who had not responded by ehime of the refinement The final form of the

questbnnaire received respondent comments such@g KS ljdzSadA2ya GKI G

T2

and to the point and very easy 2 dzy RSNA (| Y R ang@®imaivisaditis compl@télyS NJID :

fine, dS & yake(too lord ¢signalling thathe survey achieved an pppriate level of claritand

relevance andthat the completion timeis acceptable forespondents

Survey

Due to themoderate participation welsurveys can be expected yeeld (Manfredaet al., 2008)
commonly used methods to increase participation ratesre goplied (Nulty, 20@; Pedersen &
Nielsen, 2016)First, the email invitations includeda cover letter explaining the goal and the
nature of thesurvey,highlightd the organizing institution and the funding of the researeind
stressed the mportance of each participant vile reassuring participant anonymitggecond, a
lottery, offering thepossilility to win one ofthe three prizes of £100, £60 respectively £48s
organized. The prize draw was highlighted both in the email invitations artie social media
posts.Thirdly, to make accessing the survey easy, a direct link to the onlireyswasincluded in
the email invitationThe survey was designed to remaiccessible for several weeks to allow time
for residents to complete itAdditionally, the number of invites ath reminders was limited to
avoid annoying and deterring participantsnally, the online questionnaire consisted i&levant,
easy to followand clear questionavith few open ended questionsyhich becamevisiblein small
groups, while grogress bar stwed where the respondents were in completing the survey, in

line with literature on best practices of designing online surv@ryman, 2012)

The accommodation providerd each site were asked to reach out and invite all residents of the
designated buildings tcomplete the online survey. Téiwas intended toensure all occupants
had an equal chance to partieie. The Accommodatiorproviderswere asked to sendrainitial
email invitation and one follovap email reminder two weeks after the first emaidowever,on

the largest site, email invitations could not be sent by the university neither by the
accommodatn provider. Therefore,the moderators of thesocial media grgn wall of the

accommodatiorwere asked to allow the researcher to post invitations
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The sde participation criterion was d be current resident of the studied sustainable
accommodations. Theuestionnaire was accessible online from mhthrch to midApril 2017.
The responses were verified withggect to place of residence and contact detaifparticipants.
Duplicate entrieriginating from participants giving identical name or email addeeskertries
from residents living outside the studies accommtbiolas were excluded from the analysis. In
total N=222 responses were consideredTable6. Sample details¢ shows the final number of

participants included in the stycby gudied site, genderand geographic origin.

Consideringhie maximum 2429 capacity of the buildings, the participation rate can be estimated

to be 913% at wore. The exact particigtion rate 5 not known for two reasons. First, an

unknown number of@oms $ood unoccupied at the time of the survey. Second, atltrgest site

with a capacity of 1367 beds, the occupants could only be recruited viaottial snedia group

wall of the acommodation.However, it is unknown how many residents were memberthef

social media group and how many members were readers ef gnoup posts. Hence, the
estimated9.13%represents the worstase scenario with the reglarticipation rate likely being

higher. Nevetheless,9.13%is at lower end of what is commonly obsedvwith online surveys

(Manfreda et al., 2008; Nulty, 2008)Pasible explanations could be the ova&rveyirg of

a0dzRSyGa FyR GKFG GKS adzaNBSe ¢4l de ingtautionsLEOINF 2 NY SR |y
instance, the researcher observed in the social megtiaup of the largest site, thait was

common and frequent fo commercial advertisers to gain membkeis ard run multiple non

academicsurveys and polls, potentially leading to memad Q T 0 A 3dzST g KAOK Ay (0 dzNJ
reduced the willingness to partia@pe in the present survey, paally explaining the modest

regponse rate.

Even if the response ratgas krown, it may not be adequate in assessing the representativeness
of the colected data given random sampling cannot be claimed. Furthermore, wisl¢hitorized

the occupant sampgl is homogenous, no strong tfa can be made as to whether there are
systemdic differences between respondents and nmspondents, which is a key iicdtor in
identifying potential norresponsebias (Krejcj 2010 in Fulton, 2IB) that may plague external

validity of a studyRogelberg and Stanton 200YFulton,2018).

The final questionnaire can be found in the Apperthx5 of the thesis. Questionsf the survey

are refered to assQx K SNB I T & $ NISB the&Sids®nndmber.
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Table6. Sampledetails.

Site Accommodations No of Estimated Gerder distribution Origin
size participants worst-case
response
rate
Mountain 5 buildings 69 14.49% 46 females 55 UK
Halls 476 beds 23 males 14 Overseas
Daniel Defoe = 3 buildings 46 12.%5% | 32females 29 UK
Hall 355 beds 13males; 1 undisclosel 17 Overseas
Peel Park 8 building 81 5.92% 60 females 71 UK
Quarter 1367 beds 21 males 10 Overseas
Crome Cort 1 building 26 11.5% 12 females 1 UK
231 beds 14 males 25 Overseas
Total 17 building 222 9.13% 150females 156 UK
2429 beds 71 males 66 Overseas

1 undisclosed

5.2.4Data analysis

The primary aim ofte analysis was to find statistical support for theatminships between

NB & A R Seysiian ne yhghd and environmentally significant behaviours on therptas
suggested by the earli€dccupantnterviewSudy. A secondary focus wésreveal the frequacy

2T NBALRYRSY(GaQ NBIrapprigdh heBavioarS Rheyefare, dlesclive Mad & S € -
inferential statistics were employed for analysing the datdhwiBVI SPSS v23.0h& cross
sectional data underwent data reduction where essary and was analgd using descriptive
statistics, means comparisons, eway analysis of variance, cefation analysis and exploratory

multiple regression analysis.

On thefigures of this chapter design features are coloured yellow, occupant needslueavhile
behavious are green when they are sustainable behaviours, raddvhen unsustainable. Where
correlations are presented, connecting grey lines signify positive ladives while connecting red

lines signify negative correlations.
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5.3.Results

The survey dataanalysis performed with descriptive and inferential statists provides
quantitative support for many of themost prevalentrelationships betweerdesign fulfilmem of

resident needs and environmentally relevant behaviaiegt had beeninferred bythe Occupant
Interview StudyTheanalysidollowsthe structure ofthe questionnairaeporting on e following

environmentally significant behaviours

1. Natural and artiicial light use in student rooms;

2. Natural and artificialight use in the living areas/kitchens;
3. Heating and ventilating practices in student rooms;
4

Waste management practices in rogirkitchens and communal spaces of student residences.

Each behaviousecton is further dividedin sub-sectionsfocusingon specificoccupant needshat

werefound tobe related to the respective behaviour.

5.3.1Light use betniour in student rooms
The studat interviews inferred that artificial light use and natural light usehavours in the
rooms are related to how far Privacy and Comfort of residents is supportedebglesign of the

rooms(Figure37).

Features (F) Needs (N) Behaviour (B)

M  Using natural
lights

~
7
Windows <
\

SN\

Using artificial
lights

Figure37.Room light use related Feat-NeedBehaviour map as inferrddom the occupantinterviews.
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The oncept of Privacy focused on Visual Privé@$_4)in the rooms and was measured by how
far studens felt they can be seen through the window. The conm&dedimensions of Comfort
were dscomfort glarg(Q3_1), perceivedoverheating due to solar gain®3_2, natural light levels
for work(Q3_3)and brightress of the roorfQ3_5) Sincethe occupant intenews study inferred
that changes in perceived fulfilmeonnh needs may swagustainabiliy of occupant behaviourthe
measues d occupant needs are regarded @he independent variablesand the measure®f
sustainabiliy of behaviours are regarded abke dependent variableghrough ths sudy.
Therefore, the measures Q@ 1 to Q3_5 are the independenvariables of this sectionThe
dependent variable consisted ofdlselfreported time duration the lights were used ihd room
during daylight hourgQ7). In addition, the amount of tim the blinds were kept closed during
daylight hours was also measdréQ5) since the behaviour emerged to be prevalent from the
occupant interview analysis. The floor level of the rooif@3) was also included in the aryals
given that the researcher caidered it a factor with explanatorgotential. Finally, since theass
sectional analysis can only infer correlations and not canisatin order to get a sense of potential
causes for befwviours the researcher includegliestions that allowed occupant® tresson their

behaviourgQ6, Q9)

Results of correlation analysis

~

The findings indicate that where the design of sustainable reslénc a I G A & FA Saof2 0Od
visual privacy (bw far students in the rooms thk they can be seen through theindows) and

visual comfort (brightess and natural light levels for worklaytime artificial light use is lower.

The relationship biveen visual privacy in the roosnand artificial light usés swggested to be
mediated by blinduse Blind use shows significant cola&ons with both privacy and overheating

due to solar gains. FirgJ the floor level further nuances the relationshipstiveen measures and
suggests thathigher floor levels mighafford better visual privacy and ighter rooms for work

possibly resultig in less blind use and artificial light seeFigure38).

Visual Privacyas in how &r students in the rooms thinkhey can be seen through theindows,

shows asignificantnegativeO2 NNBf I GA 2y AGK RIFEBAGAYS | NIATFA(
(Field,2016)" F.246, p=0.000, meaning that the more private occupants feel the less they use the
artificial lights in the room. Howevgvisual privacy is also significantly amahjativelycorrelated

with blind B S -.40%, p=0.000, while blind use is dirgctorrehted with artificial light use as
6Stft tSINER2YyQa NI doyns LIndnnnd ¢KS O2NNBf I
higher blind use and more extensitaénd use also exhibits more d#itial light use. Furthermore,

70.7% of respotents onfirmed they close the blind to restore their privadyable7. Frequency
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table for Reasons of closing blinds during the élapd 54.1% affirm they use the lighincethe

blinds are closedTable8. Frequency tale for Reasons of using lights during the day.

Visual Canfort, in terms of harness natural light for workyasvs thestrongest direct correlation
with artificial light use. The more residents report to be able to read a book without the lights on
the less number of hours theyza S G KS | NJi-83%,p=0.800.tSimiafyItkigh@rIoornsr’
are correlated with lesshil3 K (i 2435=0.001MNearly 40%39.2% of respondents reason
daytime artificial light use with the insufficient light leseeéven with open blindsiTable 8.
Frequency tale for Reasons of using lights during the dalipterestingly, glare does not correlate
with blind use nor with artificial light use, despiteetifiact that interviews had suggesteeitain
students close the blinds to prevent discomfort glare &2#3% of respondents state in the
guestionnaire they close blinds to reduce glaileable7. Frequency table for Reasons of closing

blinds during the day.

Thermal Comfort more specifically perceived solar gain overheating, also shows correlations with

blind use but not with light use. The moreaupants feel the sun overheats thheboms blinduse

GSyRa G2 atAdakidte Ay ONDB Hsawkg justifieddwittp toyiig td.Jeducknno @ / f 2 &
overheating by 9.9% of respondenifBable7. Frequency table for Reasons of closing blinds during

the dayé.

Finally, theFloor levelshows significant correlations with priwacblind use, and light use. As

FE22N) f S@Sta AYyONBIAS @AaadzZ t LINAGlI O8 dedrda2 AYLINROSA
.201, p=0.003 just as artificial light use-.t=34, p=0.047. Furthermore, the higher the floor level

the stronger the perceB Ry I { dzNJ f  f.538 K=iD.042 anNihasstravdesthe reported

overheating =185, p=0.006.
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Positivecorrelation

- Negative correlation

.~ ™ Floor level
| Comfort -

r=-.201** r=-.134*

7

r=.380**

Privacy
VisualPrivacy

N -

Figure38. Correlations of Needs-loor level Blind use & Light us&p<0.05; ** p<0.01.

Table7. Frequency table for Reasons of closing blinds during the day.

Reasons foclosing blinds
Reason selected No. of Responses %
People can see into my room 157 70.7%
The sun causeglare 54 24.3%
The sun overhda my room 22 9.9%
Other reasons 36 16.2%

Note: Multiple selections were allowed
Table8. Frequency tdle for Reasons of using lights during the day.

Reasons fousing lights
Reasorselected No. of Responses %
The blinds arelosed and the room is dark 120 54.1%
The room is dark even with the blinds ope 87 39.2%
The lights are insufficient at the worlgze 88 39.6%
Other reasons 6 2.7%

Note: Multiple selections werlowed

5.3.1.1. Results of mean comparisons by Floor level
Data analysis also investigated the relationship of Floor levels, Needs, Blind use and Light use

behaviours by comparing means of gpsuby floor level.
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The plot of mean Visugirivacy by Floor level suggests that Privacy improves as Floor level
increases However, the increase is only noticeable after th& floor. The Overheating,
associated by respondents to solar gain, also inegasith the Floor level. Finally, answers
suggest that the higher the floor level the better the perceived natural lightitions for work
(Figure38.). Similarly, the plot of mean Blinge and mean Lighise by Floor level hidlghts a

decrease in Blind use and Light use as Floor level incréégese40.).

4.00
3.00
|
2.00 an [ ST s oy
an
/- pwns®® .

0.00 T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11
Measured values: Predicted values:

Privacy [0-Worst,4-Best] Floor level = = = Privacy
Natural Lights for Work [0-Best,4-Worst] = = = Natural Lightgor Work
Solar Overheating [0-Worst,4-Best] Solar Overheating

Figure39. Means of Privacy, Overheating and Natural light level for work by Floor level.
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2.00

1.00

0.00 T T T T T T T T T T 1
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Measured values: Predicted values:
Blinds closed (hours) Floor level e o o Blinds closed

Lights on (hours) e e o |ightson
Figure40. Means of Blind use and Light use by Fleeel.
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5.3.1.2. Results of the multiple linear regressionlgsis
To understand how the independent variables together predict the dependent variables multiple
linear regressions have been calculated. The Wafig sections present the resulting multiple

linearregression models of Blind use and Light use.

Blind wse
In the initial model a set of predictors were entered based on the following criteria:
9 variables suggested by theccupantinterview analysis: Pracy, Glare and Overheating
due to solar gains;
9 variables considered potential predictors by the reseanchdoor level;

1 variables that had significant correlations with Blind use: Privacy, Overheating, Natural

light for work and Floor level.

The initiallycalculated multiple linear regressions showed that all predictors were significant
(p>.05). For futter refining the model the statistically insignificant predictors were removed in
order to reduce model noise. The process was repeated until all réngaipredictors were

statistically significant.

The final multiple linear regression calculated prediataytime Blind Use in hours based on
Privacy and Floor level. A significant regression was found (F (2, 215) = 21.819, p<.000), with R
=.169 meaningthat 16.9% of blind use varianceasplained by this modgliTable9. Blind use

multiple linrear regressiol). Blind usedecreass by 0.3 hours asldor levels increaseand
decreass by 1.07 hours as perceived privacy improves. Privacy is codedpoimtLikertscale

from O-High privacy and-Raor privacy and-loor lewel is thefloor number on which participants

live with a minimum value of 0 and rmaximum value of 11. Both Privacy and Floor level is a

significant predictor of Blind use.

Table9. Blind use multiple lirear regression.

Blind use- Multiple linear regression

Variable B SEB ] p

Constant 8.616 0.457 .000
Privacy -1.070 0.203 -.335 .000
Floor level -0.300 0.108 =177 .000

R=.411R=.169,p<.000, N=218.

B - unstandardized coefficient for the linear regression equation; SBBI Yy Rl NR 9 NI |
standardized rgression coefficientp -probability value.

Light use

In the initial calculations a set of predictors were entered based on the follosvitegia:
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1 variables suggested by the student interviews: Brightnel&sd Bse;
9 variables considered potential prexddrs by the researcher: Floor level;
9 variables that had statistically significant correlations with Light use: Brightness, Natural

light for work, Blind use, Privacy, and Floor level.

The calculated multipldinear regression showed that not all predicd were statistically
significant (p>.05). For further refining the model and in order to reduce noise the insignificant

predictors were gadually removed. The process was repeated until all remaining poggioere

statistically significant.

Needs
Lemmmmmmmmm s N Floor level
" Comfort | \./

I =177

l,_:::::::::::::::_—\l B||nduse

: Vi IPri ! /\’/
: IsualFrivacy j j =335

1

Figure41. Multiple Linear Regression for predictiBtind use and Light USecstandardized coefficients

The fnal multiple linear regression model predicts daytime Ligke in hours based on Comfort
(perceived natural light levels for work) and Blind y&€able 10. Light use- multiple linear
regressiore and Figure4l). A significant regression was found (F (2, 219) = 31.526, p<v@€),

R =.224 explaining 22.4% vamae in light use Light use hours increase by 1.02 hours as
perceived light levels for work deaee by one unit, and increase by 0.31 hours for each hour of
Blind use. Light levels for work is coded on 5 point Likeate from 6Good light levels and-Poor
light levels and Blind use is measured in hours. Both Light levels and Blind use welsignifi

predictors of Light use.
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Tablel0. Light use multiple linear regression.

Light use- Multiple linear regression

Variable B SEB i p

Constant 2.560 0.508 .000
Light level for work 1.023 0.216 .289 .000
Blind use 0.317 0.061 317 .000

R=.473 R= .224p<.000, N=218.
B - unstandardized coefficient for the linear regression equation; SEBiI I y R NR 9 NI
standardzedregression coefficieny) - probability value.

5.3.1.3.  Discussion and Conclusion
The studies suggest thap to 22%of the variancein artificial light use in student roomsay be
explained by how far needs suchsualprivacy andvisualcomfort are supportedby the built
environment. Residents use artificial lights across the day for variog®ges; however it can be

argued that the extent of light use can be mitigated by design to a significant degree.

Visual privacyAltman, 1975)is of outstanding importance in student accommodatisiree the

room is often the only pvate space occupants have. Therefore, residents are highly protective of
privacy and employ various coping strategies to restorAinole, 2005) In the studied cases,
residents closed the blinds to feel more private and subsequenthetlion the lights. Efforts to
regan LINA @ O8 0dzZNRSya 2 00dzLJ y (Akm@n, 1IrkGandile theé RCR &f | y |
natural light might also be detrimental to healtiwveltbeing and performancéAn et al., 2016;

Stone, 1999) However, what is relevant fromnaenvironmentaly significant behaviour
perspective and what the study reveals is that theshsualprivacy the design affords the more
energy intensig consequencedhe coping mechanisms have. Therefore, considenigyal
privacy in student rooms is crucial when designing sustainable buildings that promote less energy
intensive behawurs while suppoiing health, weltbeing and performance. Even more, since in

the investigated buildings 69% of residents felt their privacy was compromised.

Regarding visual comfort, the main finding is not that lower levels of natural light for averk
associated wh more intensive artificial light useéhat is obvwous. Insteadthe findings underline

the importance of considering this specific aspect of visual comfort in the context of student
bedrooms. Especially that student bedrooms aretifurictional space acommodating various
activities, including work. s, design the caters for visual comfort for work in student
bedrooms also promotes more energy considerate behaviours. Given that less thaf@zg8te

27. Perceived brightness of the roagjof the students reported to have insufficient natural light
for work, it can be concluded that the studied aoemodations wee fairly supportive of student

needs, however there is still room for improvement.

149



The floor leel of student roons showed significant relationships with student needs and blind
use and lightuse behaviours. This phenomena can be interpcets a demonsation on how a
design feature, in the present case floor level, might positively affiscial pivacy and availdb
natural light levels for work leading to more environmentally beneficiifiaial and natural light
use patterns. The intpretation of student interviews suggested further design features that
could help improvevisual privacy andeduce blind userad light use. Adequate distance between
adjacent buildings, wetlesigned peddsian paths in the context of sightlines into d&nt rooms,

use of appropriate vegetation in front of the windows, wdbsigned shading devices that can
moderate visibility wihout excessively reducing natural lights, dual blind systems that incorporate
black-out blinds and translucent blinds, interidlesign and ftniture arrangements that is aware

of sightlines, to name but a few.

The right solutions to pitect visual privay and ensure natural light level for work should be
based on careful consideiah of the context of interest. Whileisual privacy is importat in all
student rooms, special attention should be given to rooms located on the loweisfkince based
on the findings of the present research they are more proneisoal privacy issuehian rooms
on the upper floors. Here it is impamt to mentionthat, based on participant narratives, the
buildings that were higher than five floors didtrhave any surronding buildings close enough to
compromisevisual privacy. Were the surroundingilzlings built excessively close to the studied

accommodationsyisual privacy issues could have occurred on upper floors as well.
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5.3.2Light use behavioun ikitchen and livig areas
Light use behaviours in the kitchen and living areas of the student flate suggested by the
interviews to be driven byhe type of cottrol occupants had over lights and the visual comfort the

space affordgFigure43).

Features (F) Needs (N) Behaviour (B)

Using natural
lights

=
/

-

ﬁ-\
\
N - ]
/
Occupant Sensors <W}\
1,77
Z

; Using artificial
S lights

Figure43. Kitchen light use related FeatdeedBehaviour map as inferréidom occupaninterviews.

Kitchen and living areas in the flaié the studiel accommodations are accommodated by same
space therefore the study of light use in the kitchen areas ovpsgavith the study of light use in
living areas. In the present study, control is ma&ad by prompting for the type of light control
strategy availale in the kitchen aredQ12) while visual comfortsi measured by the perceived
brightness of the spac@10). These two measures constitute the independent variablethisf
section The outome variable, i.e. related environmentally sificeant behaviar, is measured
through the seHreported amount of ime artificial kitchen lights are on during daylightune
(Q11_1) Floor leve(Q50)relationship with light use is also explored sincevdisrelated to room
light use in the previous sgan. Finally, reasons for using the lights in the kitchen dutiegday

is also prompted fo(Q13)

5.3.2.1. Results of the angdis
In some of the accommodiains, the kitchen was not equipped with manual lightitsty, and

subsequently occupants had no agencyrothe light use. Therefore, their data was excluded
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Figure44. Correhtions of NeedsKitchenight use. * p<.05; ** p<.D.

from the analgis of relationship between brightness and lights ugelJST NI yQa NXK2 41 &
calculatedon the remaining N=170 responses to explore the afometio@ed relationship. The

results revealed sighifOl y i O2 NNBf I GA2ya 0SG6SSPL7,RRAKGEYSaa | yR
suggesting that as brightness of the kitchercr@ases light use decreasedodt level and

perceptions of brightness or light use oslations were calculated however, these wereak and

not statistically significant.

There were three types of light controls in the kitchens/living areas of the studied
accommodations:Passive InfreRed (PIR sensoronly with no manual control, manual only
control, and dual contrio(manual and RR). In order to grasp the relanship of light controls and
light use a comparison of the means was performed usingwane ANOVA. The resuli$ablell.
Kichen light use by Control typg Oneway ANOVA. suggest that light controls define

significantly different groups in terms of light use.

Tablell. Kichen light use by Control tygeOneway ANOVA.

ANOVA Table Kitchen lightuse by Control type
Sum of §uares df Mean Square F Sig.
Between Groups (Combined) 178.491 2 89.245 4775 .009
Within Groups 4093.347 219 18.691
Total 4271.838 221

Comparison of means suggests that fully automatic controls have the highégtial light use
while dualcontrol lightsystems are the least energy intensive, presenting on average 2 hours less

light use during daylight hours (s€gure45.) than the fully automatic case.
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Kitchen light control type

Figure45. Mean light ue by Control type.

The difference between the most energy intensive (fully automatic) &wbt energy intensive

(dual controls) groups was found to be statistically significant at p=.006.

Tablel?2. Light use by Control typeluley's HSD.

Multiple Comg- NA a2y a 2F YAGOKSYy [A3IKG dza$s

Mean Difference

Kitchen lightcontrols Kitchen light controls (hours) Std. Error Sig.
Manual only 1.62 97136 .220
Fully automatic

Dual control 217 .70348 .006
Fdly automatic -1.62 97136 .220

Manual only
Dual control .55 .84826 791
Fully automatic 217 .70348 .006

Dual control
Manual only -55 .84826 791

When asked for the reasons of having the kitchen lights on during the day, spsnsuggest
lack of control 3.9%, insufficient lighlevels 34.2%, other flatmates use the lig®.7% and

other reasons 6.% (se&€Tablel3. Reasons for using the kitcheghts during the day).
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Tablel3. Reasons for using the kitcheghlis during the day.

Reasons for using kitchen lights
Reason selected No. of Responses %
Other flatmates 117 52.7%
Insufficient light leels 76 34.2%
Lack of control 53 23.9%
Other reasons 14 6.3%

Note: Multiple selections were allowed

77% (171esponses) of occupants also report wanting to switch off or dim the lights while in the
kitchen during thesvening(Q14) They reason thisxpectation with various activigs performed

in the kitchen during the evening as follo(315)

Tablel4. Evening time activities requiring reduced lighting.

Evening activities in kitchen necesattng low or no lights
Activity No. of Responses %
Flat partyng 108 48.6%
Hanging out with friends 94 42.3%
Watching movies 56 25.2%
Playing \deo games 38 17.1%

Note: Multiple selections were allowed

However, when occupants do not have control over the lights they resort ¢toiroiventing the
automatic system Thirty-one occupants, that is 60% of the 52 respondents who had no control
over thelights, reported to tape the sensors in order to have thatsgoff during evening hours
(Q17) Residents also reported the frequency difeir reduced light levelequiing evening

activities(Q16) as follows:

Tablel5. Frequeng of evening activities that require redudeghting.

Frequency of activities No. of Responses %
Less than twice a month 59 26.6%
2-4 times a month 67 30.2%
5-9 timesa month 49 22.1%
More than 10 times a month 31 14.0%
Total 206
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5.3.2.2. Discussion and Cdnsion
The results of the correlational analysis supports the inferences of the interview studies by
revealing statistically significan¢lationshipsbetween artificiallight use in living/kitchen areas of
student accommodations and visual comfort, the, pereived brightness of the space.
Furthermore, the comparison of the three types of control conditions over light use (fully
automatiq manual, and automatic and maal) in the living/kitchen areas yields statistically
significant group difference®ased orthe analysis, it can be argued that the kitchen light use can
be moderated by the way the design considers the perceived brightifabge space and the type

of control over the lights.

In terms of visual comfort, the brighter residents perceilie kitchens, the shorter the reported
artificial light use hours are. Therefore, the perceived brightness of the space is suggested to be
an important factor contributingto the light use behaviours in the living rooms of sustainable
accommodations. Ovella the designs of the studied residences were found to be rather
considerate of this factor since about 75% of residents reported to hagéttkitchens without

the lights on.

Control over the lights was another significant factor that was linked toimhayartificial light use

in the kitchen areas. The results revealed that in some of the sustainable accommodations the
implemented light cotrol strategies were fully aut6 G A OX NBAGNRAOGAY I NX
limiting choice over light use. However,rihg theinterviews, residents often expressed desire to
turn the lights off during the day. Earlier studies also indicate that occupamtfempto have
manual control ovethe lights even when automatic light control systems are in p{Acgemoet

al., 2014; Escuyer & Fontoynont, 2001; Galasiu & Veitch, 2G@6)hermore, the lack of control

over the indoor environment may generate lower comfort and satisfactewels (Frontczak &
Wargocki, 2011) From an environmental perspective, the comparison of mean light use values
underlines that the lack of occupaagencyover the lights resw$ in longer light use hourshis
happens because the lights are controlled by occupant sensors and turn on every time occupants
enter the space, however, the system is not sophisticated enough to adjust to the changing
naturd light conditions. On the dter side, when the kitchens aeguipped with dual controls and

residents can exert agency over lights, the accompanying behaviour is less energy intensive.

Considering and providing agency over the lights in the living raomdskichens of sustainable
accommodations is not only imptant during the day. These areas are stages for diverse activities
during the evening as well. Residents reported in their interviews to use these spaces for

preparing meals, reading and learningpcial gatherings, and for grforming various leisure
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activities. Preference for reduced light levels that would better support these activities was also
reported. The quantitative study further supports with descriptive data the popularity and
frequency of leiaure activities that rguire dimmed or nolights (seeTable 15. Frequeng of
evening activities that require reducdighting). Furthermore, the data showkat wherecontrol
systems are restrictev of occupah control, systems are circumvented by 60% of residents in
order to support the evening activities being performed. In the present case the circumventing
behaviour leads to lower energy use however,ading to articipant recounts, it comproimes

comfort.

Activities in communal kitchen/living areas could all benefit from “defligned illumination
beyond the simple light switch or basic fully automatic controls. In the scenarios where occupants

would only want lover light levels in support dheir evenirg activities dimmable lights might

Ffft2¢ TFT2NJ f Saada SySNHegd2NRdza fA3IKG dzasS 6KAES AyONBL!

could also reduce the energy intensity of light use since needappropriae lighting would be
better supprted duringthe night and day alike. It is, therefore, the contention of this study that
understanding and responding by design to lighting needs raised by occupant comfort and control
expectations may be conduewf more sistainable light use behaviouns the kitchen and living

areas of sustainable residences.
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5.3.3Heating behaviours in the rooms
The student interviews suggested a number of factors that may predict heating behaviours in the
studied accommodationsComfort interms of Thermal comfort and Reeived airquality and
/| 2y iNRBEt SYSNHSR |a | 1S& FFOG2NJ RNAGAy3a 21
investigates and discusses only the relationship of comfort and heating practices. Control was not

induded in the surveystudy due to space litations ofthe questionnaire.

Features (F) Needs (N) Behaviour (B)

Heating correctly

Heating with loss

Figure46. Heating related FeaturdleedBehaviour map inferreftom occupantinterviews.

The quantitative study aimed to understand how four comfort componenperceived room
temperature (Q18) air humidity (Q22) airflow (Q23)and air freshneg€24)- may serve as a
predictors of heating behavioursand were regarded therefore as tliedependent variablesThe
heating practicesregarded as outcome variablesere investigated by prompting faturation of
radiator us€Q19)and for radiator setting$Q20) The study also explored how heating with open
windows (Q26) which was a prevatg behaviour in the occupant interviews, relates to overall
heating duration andntensity. In addition, the sty promptedfor reasons of performing the

behaviour of heating with open window®27)

Results of the correlational analysis
Heating duration ad heating intensity shows statistically significant correlations with two

comporents of comfort, namely percead temperatue and air humidity. The colder the rooms
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p=.001) and radiafdd aSddAy3a o Tompn LI dant0d |1 SFGAYI GAYS
significantly correlated suggesting those who use hieatersfor longer also use them at higher

settings (r=.605, p=.000). Furthermore, heating with open windows shows significaniations

with both heating time (r=.262, p=.000) and radiator settings (r=.180, p=.011). Perceived air flow

and air freshness in thebom were not correlated with any of the measured dimension of the

heating practices, and none of the measured comfort congris were correlated with the

duration of heating with open windows. Finally, floor level showed an inverse correlation with

heating duration, suggestingesidents living on higher floors use the radiators for shorter times

(r=.164, p=.021)

positivecorrelation
Neeads - Negative correlation
Radiator

/ Setting

Heating with
open windows

Heating
duration

\ ’
\ d
B /

Figure48. Correlationdor Comfort needs and Heating practicgs<0.05; **p<0.01, N=200.

5.3.3.1. Results of the explorative multiple linear regression analysis
In order to assess how the discussed factors together may predict heating duration and heater
settings, multiple linear regression models werngilbusing al comfort measues, heating with
open window measure, and floor level as predictors. As a refinement to the models, the factors

that were not statistically significant (@35) were gradually removed from the models.
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Figure49. Multiple linear regrssions fopredictingHeatingpractices) -Standardized coefficients.

Eventually, the calculatl multiple linear regressions predict:

I Heating time based on perceived temperature, air humidity and the time windows are open
while heating is on; and

I Radiator setting based on perceived temgire and the time windows arepen while
heating is on.

For heating time, a significant regression was found (F (3, 207) = 12.460, p<.000), witmfan R
.153 meaning that 15.3% of the variance in heating time is explained by this mdeating time
increases by 1.39 hours as pexe temperature decreases, wre perceived temperature was
coded on 5 point Likerscale from &Very hot to 4Very cold; by 1.70 hours as the air is perceived
more dry, where air humidity was coded on 5 pdiiitertscale from 6very humid to 4very dry;
and by 0.48 hours for every bo the window is open while the heating is on (s€able 16.

Heating time- Multiple linear regressioi.

Tablel6. Heating time Multiple linear regression.

Heating time- Multiple linear regression
Variable B SEB i p
Constant 2.173 1.387 119
Temperature 1.392 439 .207 .002
Humidity 1.705 .536 .208 .002
Window Open & heating On AT78 134 .228 .000
R=.391,R= .153p<.000, N=211

B - unstandardized coefficient for the linear magsion equation; SEB{ G I y Rl NR 9 NIN&
standardized regression coefficieipt:probability value.
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For radiator settings, a significant regression was fou(@ @09 ) = 17.102, p<.00®ith an R of

.141, explaining 14.1%f the variation in heating settingsRadiator setting was coded fromQ@ff

to 6-Max setting, perceived temperature was coded on 5 point Likeale from &Very hot to 4

Very cold and theimne windows are open while ghheating is on is expressed in hours. The model
suggests that students who perceive the room as the coldest use the radiator at a higher setting
by 2.5 units than those who feel their rooms are very warm. Moreover, keepingvihdows

open while the heatigis on also predicts higher radiator settings (S&blel7. Multiple lirear

regression Radiator setting.

Tablel7. Multiple lirear regression Radiator setting.

Radiator setting- Multiple linear regression
Variable B SEB i p
Constant 1.552 .288 .000
Temperature .640 125 .328 .000
Window Open & 118 .039 .193 .003
heating On
R=.375R=.141,p<.000, N=212.

B - unstandardized coefficient for the linear regression equation; SEBi I y Rl NR 9 -NIN&
standadized regrssion coefficientp -probability value.
Students were also prompted to reason why they engaged in keeping the windows open while the
heating was on. Surprisingly, more than half of the students (113 responses, which is 50.9%)
reason their aton with poor air quality (stuffiness). A further 238 name overheating due to
radiators as the main reason, while 18.0% keep the windpen by habit (sedable 18. Reasons

for heating with open windows.

Table 18. Reasons for heating with open windows.

Reasons for opening windows while heater is on
Reason No. of Responses %
The air is stuffy with closed windows 113 50.9%
The radiator cases overheating 53 23.9%
Habit of keeping the window open 40 18.0%
Other reasons 11 5.0%

Note: Multiple selections were allowed
Although correlations between perceived air quality and heating with open window practices was
not statistically signifignt in the present data set, the most popular reasoningdubg residents
to explain heating with open windows called for further invgations. Responses were divided in
two groups depending on whether respondents marked the stuffy air as a reason dor th

maladaptive behaviour of heating with open windows. ANQ&&ts were used to compare:
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1 the mean of perceived air freshnelsstween the two groups;

I the mean of heating time while the window is open between the two groups.

The ANOVA test indicates the gpsuhave statistically significantly different mean values
(F(1,218)=27.157, p=.000) for perceived air freshness. The meeaptien of air freshness for
the group who reasons the energy detrimental heating behaviour with air stuffiness is
significantly nore indicative of stuffy air (sed@able 19. Mean comparison of perceived air

freshness).

Tablel9. Mean comparison of perceived air fhegss.

Air Freshness perception Group means by reasoning
Reasoning N | % of Total N| Mean * | Std. Deviation| Std.Error of Mean
0 109 49.3% 1.82 .894 .086
If 1 close the window the air 112 50.7% 219 1.070 101
stuffy
Total 221 100.0% 2.00 1.002 .067
*Air freshness is measured on 5 point Liledle: 6Very Fresh air,-A/ery Stuffy air
Table20. ANOVA test for air freshness.
ANOVA Table Air Freshness perceptioby Reasoning with stuffy air
Sum of Squares df Mean Squae F Sig.

Between Groups 7.603 1 7.603 7.802 .006

Within Groups 213.393 219 974

Total 220.995 220

Futhermore, the ANOVA test indicates the groups have statistically significantly different mean
values (F(1,218)=27.157, p=.000) for heatingetimith open windows as well. The group
reasoning its action with poor air quality heats with open windowsaforost 2 hours(3.24h ¢

1.31h) more on average (seBable21. Mean comparison of heatinwith open windows.

Table21. Mean comparison of heatinwith open windows.

Duration of Heating with open windows Group means by reasoning
Mean Std. Error of
Reasoning N | % of Total (hours) | Std. Devition Mean
0 108 49.1% 1.31 2.253 217
If | close the window the air is stuffy| 112 | 50.9% 3.24 3.163 299
Total 220 | 100.0% 2.29 2914 .196
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Table22. ANOVA test for heating time with open windows.

ANOVA Table Heaing with open windav by Reasoning with stuffy air

Sum of Squares df Mean Square F Sig.
Between Groups 205.974 1 205.974 27.157| .000
Within Groups 1653.408 218 7.584
Total 1859382 219

5.3.3.2.

The statistical analysis suppsthat heating pratices in student rooms do relate to two main
aspects of Comfort needs: Perceived temperature and Perceived air quality. Both of these aspects
are correlated with two @mensions of heating practices: heagirtime and radiator setting.
Cmagdering the corredtional results in conjunction with the interview analysis, it can be argued
that heating practices can be swayed towards more sustainable directions by designrsolutio

that ensure satisfactory thermal gimonment and air quality.

Themal comfort has a mpater importance for residents than any of the other indoor
environment related comfort dimensions and has the biggest impact on satisfgétiontczak &
Wargocki, 2011)In the present study perceived temperature also emerged as the strongest
predictor of how heating practices unfold in student rooms. The tesafl the statistical analysis
further revealed what components of éing practices rel® to thermal comfort. The higher the
perceived temperature the lower the reported heating hours and the lower the reported heating
settings in student rooms. Descriy¢ data shows that in the studied @&ssless than half of the

studert population (43.7%jperceived the temperature neither hot nor cold, while 28.8% reported

Discussion and conclusion

to have hot environments and 27.5% reported to have cold rooms.

Perceived air quality was anothénportant factor relating to the energy use during heating
practicesin student rooms.The study focused on three aspects of perceived air quality: humidity,
¢ KS rcepyfdn foR airAbamiddBwasS I £ SR

negdively correlated with the heating hours and the heating intensityheldrier the air was

FTNBaKySaa
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FANFE20

perceived by respondents the more time they kept their radiator on using higher settings.

Beyond examining relationships between opant needs and overall heatinglaviour the study
also aimed to further understand the energy wastdbehaviour of heahg with open windows.
Earlier studies mention heating with open windows as a behaviour observed in student
accommodations, employedotregulate the thermal environmeén(Clearet al, 2015) The
qualitative analysis of student interviews suggektae behaviour might alsbe driven by poor
air quality. bwever, the correlational analysis did not find any relationsfepveen perceived air

quality and the behaviour in question. Nevertheless, when respondents were asked to hame the
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reasons behind th energy intensive behauio of focus, more than 50% reped the air was
stuffy with closed windows. Furthermore, the sameup was found to keethe window open
while heating for significantly longer time, by almost two hours on average, than the remgain
part of the responderg. Understanding the drives of &kng with open windows is especially
important for the design bsustainable accommodains since two thirds of all residents of the

studied accommodations report to perform the action.

It has be@ acknowledged that indoognvironmental qualities may drivoccupant comfort and
satisfaction, and may influence healthelvbeing and performance=fforts to regain comfort may
impose further strain on occupants. Sustainable buildings are generallyctexpbey common
sense to povide more comfortable indoor eimonments. However, the literature on the topic of
indoor environmental qualities in susdinable buildings iequivocal. Some studies bring support
for how buildings with green certificatggomote higher environmeral satisfactionLeder et al.,
2016). Others contrast this perspective and advocate that green certified buildings provide no
less or more satisfactionn regard to the indoor mvironmen@l quality than their more
conventional equivalents(Altomonte & Schiavon, 2013Jhe present study gathered data on the
perceived thermal comfort ah air quality afforded bysustainally designed student residences
and also presents the energy relevant behavioural implicationsesidents mitigating their
discomfort. In the studiedustainable environments more than 56% of respondents perceived
their rooms either as hot eitheas cold,about 37% felt the air was either humid either dry, and
35% felt their room had stuffy air in geral. In an attempt to restore comfort residents who
perceive the rooms as cold repdneatingmore intensively overall. Wie those who experience
the air asstuffy with closed windows, open the window while the heating is on for longer periods,

wasting ggnificant heating energy.
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5.3.4Waste management practicasstudent flats and communal areas
Theoccupantinterviews suggestt the needs that governecycling & comfort, in the sense of

physical proximity of bins, perceived as ease of use, and hygiene.

Features (F) Needs (N) Behaviour (B)

Recycling

No recycling

Figure50. Waste managementlated FeatureNeedBehavion map as inferredrom occupantinterviews.

Therefore, Comfortsi measuredhrough the presence of recycle bins in the roof@28) Ease of
useis measured through visualffitrences between waste bins from the kitchen areastfdent
flats (Q29)and through the perceived ease of use when iatging with the recycle ins (Q30)
while Hygiene is measured by the perceived cleanliness of using the recyc{®8i)sThese are
considered the independent variable$ this sectionbased on logic described in earlier sections.
The behaviours of intesst the dependentvarialdes, are the frequency of recycling in rooms
(Q35_1) and the combined frequencfQ35_2)and correctness ofecycling practices in the

kitchen(Q36)

5.3.4.1. Results
The comparison of means frequencies for recycling show that students redide in rooms
equippal with reg/cle bins recycle significantly more often in their room (F(1,220)=28.694,
p=0.000) than those whibut a recycle bin in their room.
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Table23. ANOVA test for Recycling frequency by presence ®frbinoms.

ANOVA Recyeclg frequercy by Presence of recycle bin in the rooms

Sum of Squares df Mean Square F Sig.
Between Groups 32.235 1 32.235 28.694 .000
Within Groups 247.152 220 1.123
Total 279.387 221

Table24. Mean of recycling frequeaes in tke room.

Mean recycling frequency in rooms by Presence of recycle bin in the room
Recycle bin ithe room N | % of Total N| Mean * | Std. Deviation| Std. Error of Mean
No 175 78.8% 1.72 1.102 .083
Yes 47 21.2% 0.79 .883 129
Total 222 100.0% 1.52 1124 .075

* Recycling frequency in room: [O=always, 1=0often, 2=occasionally, 3=never]
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Figure51. Correlations for Ease of use and HygjemelRecyclindpehaviours* p<0.05; ** p<0.01.

Going forward,the analysis shows significant correlationstween recycling practices in the

kitchens and ease of useeasures. The moreisually different the wate bins ae, the better the
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When asked for reasoning their waste management behaviours, 43f#&spondents reported

to recycle because it was easy while 16.7% reported not to recycle because tlvech@sessy.

The visual iferencesthe most correlated with recycling behaviours are:
O ' Irdounys LI danno
O IT'dPHHMZI LI danamo

1
1
1
1

{ATS 2F o0Aiya
[KIFLS 2F oAya

z

[ 2t 2dzNJ 2 F (=002 A y &
/] 2t 2dzNJ 2F GKS AyadadglrfttSR 63 o0 TompT =

O IdumMp =

while some visual featuredid not show significantorrelations with recycling behaviour:
+Addz-f AyaidNHzOlGA2yad o6 TdomMmoX LI dmMamMO
{ATS FTYR &akKh LS 27

1
1

Comfort

]

1

1

1 q q

1 Recycle bins in
1

| rooms

1

\

Ease of use

Visual
differences

- -

Hygiene

Bin use
cleanliness

—_—— - —— -

-

iKS 2L8yAy3Ia

Recyclindgrequency
and correctness

Figure52. Multiple linear regression for predicting recyclingstandardized coefficients.
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In order to assess how the discussed factors together predict recyclirayioein in the kitchen a
multiple linear regression was calculated based on visual differences, ease of use of bins and
hygiene. A significant regression was found (F (3, 206) 93,602.000), with R=.192 explaining
19.2%of variance inrecycling freqency and correctnesReycling mproves by 3.4% for each
additional visual difference, where the minimum number of visual differences was 0 and the
maximum was 5; and decreases by 7% for each drop in perceived ease of use, where the later is
measured ora 5 point Likerscde (0-Very eag, 4¢ Very complicated); and drops with a further
6.7% for each decrease in perceived cleanliness, where cleanliness of bin use is measured on a
point Likertscale (BVery clean, 4/ery dirty) (seelable25. Multiple linear regressionRecycling
behaviour.).

Table25. Multiple linear regressionRecycling behaviour.

Recycling behaviour Multip le linear regressin
Variable B SB j p
Constant .688 0.508 .000
Visual differences .034 0.011 .204 .002
Ease of use -.070 0.021 -214 .001
Dirtiness of bins -.067 .020 -.223 .001
R=.438R=.192p<.000, N=210.

B - unstandardized coefficient fothe linear regression quation; £B-{ G I Y Rl NR 9 Nk
standardized regression coefficiemt: probability value.

When students take out the wastéhe frequency of their separation behaviour is signifidgant
correlated with how many vislalifferences the outsidewaste bnsiy O2 NLJ22 NI 4§ S T oH
N=180. The differences that were the most correlated with waste separation frequency were:

1 OA&adzZ f AyadaNdzOGA2ya o6 TPHpHIT LI dnamo

f ANRdzLIAY3I 2F p=lOBl) 0Ayad o T odmdpnz

f the colour ofthe bins(I' dmnn X LI dnpno

while somevisualfeatures did not show any correlation with separating frequency:
1 aAl S 2F GKS oAya o IonndX LI dpnoo
f aKILS 27 -0KP=86)ya o T
f aATS YR akKFLIS 2F (GKS 2LSyAy3Ia 6 I'onnusz |

Respondents who reported to separateftéh or Always (N=141) deed their behaviour was

facilitated by the below design features:
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Table26. Design Features aiding waste separation.

% of those who Often or

Design feature aiding waste separation No. ofResponses Alwaysrecycle
Visual instructios 106 75.2%
Bin colour 56 39.7%
Grouping of the bins 18 12.8%
Bin size 9 6.4%
hLlSyAy3aQ aial S FyR akl 2 1.4%

Note: Multiple selections were allowed

5.3.4.2. Discussion andonclusion
The present study advocates that recyclinqida waste management in staénale
acoommodations is a mukstage process where occupant behaviours may be swayed by the

design of the waste management facilities into more or less sustainable dimecti

In the rooms, the availability of a recycle binghmi be sufficient to promp more frequent
recycling according to the survey analysis, while the interviews offered explanation to the
phenomena suggesting residents find it uncomfortable having toelgleir room to recycle

paper waste generated on spot.

In the kitchen areas, aignificart part of variation in recycling is predicted by visual cues
incorporated in the recycling facilities, by perceived ease of use and by perceived cleanliness.
While it has been long established that cues in the designgidde appropriate use (Noran

2013), such as recycling (Duffy and Verges, 2009), the present study specifies that the size, shape
and colour of the bins and the colour of the installed bag are assaciaith better recycling
practices, while visual ingictions and the size andhape d the bin openings were not found to
correlate with recycling behaviours in the kitchen. Visual instructions were mentioned in the
interviews as being supportive of ngding, however the statistical analysis of behaviaarshe
kitchen area did nbsupport this relationship. Furthermore, recycling in kitchen is significantly
correlated with perceived ease of bin use. Finally, recycling in kitchens is significantiai@sso

with cleanliness of using the bins. Cleanline$sbin use is a rarely disssedfactor in the
literature despite its capacity to deter strong recycling intentions as seen fromoticepant
interviews. Earlier empirical studies of caddy use and fa@dte management practices also
support the importanceof bin cleanlinesgMetcalfe et al., 2012 The present study argues that
perceived cleanliness of bin use is pivotal for recycling behaviours overall and not only for

environmentally friendly food was management practices.
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Thedisposal of the waste and waste bags ie final sage of wate management and recycling
process over which residents still have agency. In this stage, waste separation is still essential for
appropriate recycling. The studsuggests that the design of st management facilities may
support sepaation behaviour byappropriate use of visual cues such as visual instructions, bin

colours and spatial arrangements, that is grouping of the bins.

In conclusion, recycling and wasteanagement is a mulstage praeess unfolding in several
spaces and areas sustdnable acommodations. However, the prenvironmental behaviour of
residents in each of the recycling stages may be facilitated by a separate and specific set of desigr
features supportive of student need®©verall, the design of recycling and teamanagenent
facilities can promote preenvironmental behaviour in sustainable student accommodations when
AlG FdzZ FAEta NBaARSydaQ O2YF2NIxX SIasS 2F dasS |

5.3.50verall Conckion
The results of the quesinnaire study bring statistical supportrfthe inferences othe occupant
AYGSNBASga NBIFNRAYyI GKS NBEFGA2YAaKALI 0SG6S¢
and environmentally relevant behaviours. The statidtianalysis revealed that theupport of
NBaARSy(iaQ y§®Reaaedwith thiek ehyiranféntly sOdpbrtivebehaviour. The
higher the support the more prevalent the environmental behaviour. Conversely, the lower the

support the less pronouradl the environmently supportve conduct.
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6. Architect Interview Stly

6.1.Introducion
The owrall aim of the Architect Interview Study is to develop understanding on ways sustainable

occupant behaviours may appear on architectural agendas in dietext of sustainable

accommodation dsign, and thus answer the second reseajuaéstion ofthis thess:

How do architects of sustainable student accommodations intend to support sustainable

occupant behaviours and building interactions by their designs?

This study is driven significantly bBye looming literature gap on how sustalna architedure

may $ape sustainable occupant behaviours and building interactions as presented in the
Literature review chapter of this thesis. It was found that an increpsiumber of sustainable
building perbrmance studies argue that since sustaitedtuildingsoften uncerperform, these do

not necessarily promote sustainable occupant behaviours. Furthermore, the same studies allude
that a significant reason behind the laof sustainable behaviour support sdistainable buildings

is the gap betweenhe projected or desigred-for behaviour, and actual occupant behaviour,
Y2NB aLISOAFAOIffe (GKS INOKAGSOlIQa YAaodz2yoOoSL
eventually leadig to unintended and unsustainable us&/hile this claim may well be valid, the
very same gidies onlyfocus on occupant perceptions while the architect intentions are missing
from their accounts. Indeed, the occupant perspective is indispensable to uaddrthe reasons
behind environmentajl relevant occupant behaviours, howeveretiresent tresis argus that
architect perspectives are crucial if the reduction of the architemtupant gap is the goal.
Furthermore, the present thesis argues that withounderstanding architect intentions, ¢h
designed and actual behaviour gap claswuestiondle if notunreasonable and invalid. Hence,

the main rationale behind the present study is to reduce the knowledge gap and to explore first
hand architect intentiors on supporting sustainable occupabehaviours when designing

sustainable acaonmodations.

The necesity of understanding architectural intentions to support sustainable occupant
behaviour is further underlined by the overall theoretical framework infognthis thesis. As
such, the Theory foAffordances in its design disciplinadopted form - PerceivedAffordances-
5dZA38aG GKEG 6KSY FNDKAGSOGAQ AydSy (defigies Yl
conceptual modei overlap with theduser concefual modek on the ésystem imagé sustainable
buildings are likely to be useasintended Hence, understanding and developing knowledge on

I NJO K AddoBcépiual fodel - investigated in this study via their design intems¢ is a crucial
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step in understanithg how sustainable accommodation desigaysupport sistainableoccupant

behaviour.

Finally, this study relies heavily on the theoretical understanding developed from the Occupant

investigations performed and includéal thisthesis in chaptersd.Occupant Interview 8ty | y R
66.0ccupanturveySudyé ® Ly GKS YSyUGA2y SR SYLA N#tahbbility 8 G dzZRA Sa s A
of occupam behaviour is related to how occupaniserceive the design of he sustainable

accommodtion caters for their needs, also captured in the newly developed Fedleext

behaviour table. Therefore, the present study investigates ésearch question by prinndy

looking at how architects employ dgsisolutionswith the intention to support ocupant needs

or sustainable occupant behaviours.

This chapter continues with a Methodological section, describing the sampling procedure, the
data gathering protocol rad the data analysis. The ensuing Resséigion preents the nmajor
findings of the atdy. Finally, the Conclusion section shows how the present study answers its

research question and how it contributes to the overall researdhisfThesis.

6.2.Methodology

The present study usekhematicAnalysis toanalyse he data generated vianierviews performed

with architects of sustainable accommodations.

6.2.1Sampling and Participants
The key criterion for participating in the studysvto be an architect imlved in the design of any
of the four suginable stulent resicences where occupant tia had previously been collected.
Potential participants were contacted directly by email, however, the number of electronic
invitations was linted to two. The invitattn emails described the topic and the poge of the
study, claifying that it aimed todzy RSNE GF YR | NOKAGSOGAQ 2@OSNIF € | LILINRL
accommodations, how architects intend to support sustainable occupant behavimu design
and how theycollaborate with other stakeholders to géheir idea through.ln cases when the
invitation had been accepted, the researcher provided further details on the study in form of the
information sheets. Out of the foearchitecture sudious invited for partipating in the study,
three responded fawurably to the invitaion while the fourth stidio was not willing to participate.
The participating architects were the designers of Mountain Halls (MH), Daniel Defoe Hall (DDH),
and CromeCourt (CC) respectivelfthe architect from DDH and CC were botle froject

directors whle the MH architect ws a collaborating architect with BREEAM assessor

qualifications. All three participants included in the study had delivered multiple student
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acommodations projects, bdt with and without sustainability certifates, ensumg a broad

experience and accumaied knowledge on the topic.

Finally, in order to ensure the anonymity of all participants, their names were replaced with
pseudonyms that aresed together with the abteviation of the site designed by the paipant,

before each gotation. ExamplefKrsX 5 51 0 & X €

6.2.2Data gathering protocol
Faceto-face, indepth, semid 0 NHzOG dzZNBR Ay i SNWASsa 6SNB dza SR
design intetions and considerationsThe interviews were guided by a schedéeauring all
important topics were explored ith each of the participants. The main topics of the interview

schedule were the following:

Overall design approach to sustainable student anomdations
Knowledge of sident-occupants
Design features supportg sustainality

Congderations of indoor evironmental quality and associated control systems

= = =4 4 -

Considerations of occupaiuilding interactions in the design

While the schedules were simil between the interviewsthese also included sigpecific
questionsdevelopal based orthe findings of theDaupant Interview Study and based on specific
building characteristics learned during the site visits before or during the architect interviéws.
tailored interview shedules with more sitespecific questionsrere meant b make theinterviews

more relevant for the architects and help the better flow of ideas.

i A = 4

LY 2NRSNJ (2 aeyOKNRYAT S sAlGK FNDKAGSOGaQ o
questions were compp SR A G K O2y aARSNIWARY HHaldaysk Atkidsw L . !
2016) which B e of the most wellestablished and widelysed conceptual models for the
building design and constction process in the UK. This means that the schedule started with
questions on decisions related to brief andnceptual design, progressed through gtiens on
decision rehted to final design,d conclude with questions on decisions concerning theduoaer

and potential post occupancy evaluations. This approach to think and discuss the project in the
time sequece of its execution was meant to help hitects to ©njure upmemories, potentially

revealing their design intentions throughout the whole @gsprocess.

The interviews were performed in October, November and December 2016. Each interview lasted

for about one hour. Two architects were interwed in their offices and the third architectwas

173



interviewed in the studied accommodation they had iged. Both types of environments
afforded comfortable, relaxed and undisturbed discussions with the architd@¢is. interviews

were tape recorded with ta written consent of @rticipants and transdped wordby-word.

Besides the interview discussions,etiparticipating architects had been asked before the
interview to bring relevant project documentations with timeto the interview. The relevant
project documentations could hae been floor plans an8D renders, elements of the planning
permission documeittions, building handover documentations or any other material found to be
relevant and supportive of the inteiew discussions. The complementary datasvepected b

aid theinterview process by Hping architects to better remember the project and taiaunlate
important decisions taken on the project. It also helped the researcher in better understanding
the discussed buildings and its properties ancetrelated design decions. All participants
responded positively to this invitation and brought wars types of complementary data to the
interview. Although these data, mainly project documentations, provetida great aid during
the interviews, thepatrticipating archite¢s could not hand ovethe materials due to reasons
pertinent to confidentiality Nevertheless, the researcher took notes on important aspects of the

presented material and used it as complemey elements of the data analysis.

Besias the archtectural project documentationsthe interview data was also complemented
with building olservations from site visits and walkthroughs. The researcher was offered a
walkthrough in the company of the dritect in CC out of courtesy of the accomdation
provider and d the architect. In DDihe accommodation provider also offered a walkthrough of
the accommodations. In MH the accommodations were visited personally by the researcher and
external observatios were performed. The visits allowed thesearcher to garner frst hand
impressions ad experiences on the studied buildings and to visuallguieent each site though
photographs. These materials have also been used in the overall data analysis asisgpport

components of the interview transcript
6.2.3Data andysis

Theay-driven and datadriven coding

The present study adopted the theoretical undemding developed from Occupant studies
LINSaSyadSR Ay (GKS OKFLIISNI an o h Ok Seie L2yTi SINGMES 60 K S
namely that therdsa relatbnship betveen the design featuiseof sustainable buildings, occupant

perceptions of howdr those design features support occupant needs and the sustainability of

occupant behaviours.
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More specificall, the present study aimed to reveal howchitectural design itientions mayfit

with the aforementioned theoretical understanding of howlesign of sustainable
accommodations may support and promote sustainable occupant behaviours. Hence it aimed to
identify in the architect interviews potgial casesand situatons where architects »@lain the
integration of a specific design feature arftetpurpose it may have served, with special interest

to cases when the purpose may have been to support an @tupeed or to enable or support

sustainalte occupantbehaviours

This approach impleé that the coding framework, namely the FeatuXeedBehaviour
framework, was predefined from the outset of the analysis, dictating adimpn, deductive, or
theory-driven coding and analysis approach. While ahedriven @ding wasthe main coding
procedue, the researcher remained open for patterns in the didiat might be related or might
expand the theondriven codes and thus might be relevant for better understagdihe
underlying mechanisms and the biggmntext inwhich arditects intend to desig features, to
support occupant needs and/or to supporustainable occupant behaviours and building
interactions. Therefore, the analysis although guided, was not sac#g confined to the theory

driven codimg, but it also allowednductive, datadrivencoding.

Thematic Analysis was selected as a suitable datlysis method for the present study since it
allows the simultaneous application and mixing of-thjpvn andbottom-up approache¢Braun &
Clarke,2006; DeCu#Gunby et al., 2011; Fereday & Md@ochrane, Q06). In the context of the
present study, this means that allowed the identifications of theordriven codes lustered n
Features, Needs, or Behaviours, while it also enabled the resea@darttify datadriven codes
which might explain broadecircumstances of the theosgriven codes. Since it suited the
objective of the study well, this type ofyhrid, codebooke based Thematic Analysi¢Braun &
Clarke, 2006; Dauir-Gunby et al., 2011has been selected and adopted data analysis method
for the presentstudy.

The detailed explanation of hovhé selectedmethod wasapplied is presented hereafter. Thus
the following section shows how th@&odebook was compiledbase on the chosen theoretical
framework, and how the da-driven codes were developed fromehraw data. Furthermore, the
section desdbes how the codes wee assessed, compared, paired, merged, separated or
discarded to eventually elevate them to finalyerarching themes that were thought to best
capture thephenomena of architects intending ®upport sustainable occupant behavioursdan

needs viahe desigrfeatures of the sustainable accommodations.
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Theorydriven coding for Features, Needs and Behewio

Following the word by word transcription of architdoterviews the researcher familiaridewith

the data by reading and seadingthe transcrpts and t&ing notes on ideas that appeared to be
relevant for the phenomena of interest. This was follovisdcoding the interviews, where within
each interview, he researcher marked the design featuor multiple design features the
archited discussedis Featurda ' YR AYOGSNIINBGISR G(GKS | NDKAGSOGAQ 62NR
have been purposed for to idéify potential occurrences of occupant needs, labelledNasds or
sustainable behaviours, lalbed Behaviours. Coding for design Feasuaed intended Behaviars
followed a slightly different process than coding for occupant Needs. Design features appear
architect recounts in an explicit manner therefore tigkentification of Features is straighrward

and fits well with the chosen tedown approah. Behawurs intended to be supported by
architects were also expressed fairly explicitly by architectd their coding was therefore
relatively straightforward.On the other hand, occupant Needs entled to be supported by
architects by thedesigned fatures wee referred to sometimes explicitly, other times more
implicitly. Thus, Need identification altesies between straightforward labelling and

interpretation of architect recounts.

The followinginterview extract and the description dfs coding pocedure llustrates how the
theory-driven coding was performed with mixing explicit coding with interptiggidentification

of the relevant text segments.

(Krigk 551 0 axedzad o6 SAycés themdelBes, irgto mzkeSsayiithe Staird LI

much more @cessibled 2 (2 O2YyaARSNE 21 A0GQa F GlFff o6dzZAf RA:
up to your rooms easy from, SG Qa al ez LRAYyG ! G2 L#AYyG . FyR
80304 Al2 dASAGRS FAZOAAEE R |cHRBStNIthéowe G KSy 2 dza
agl @ allFlANE a2 @2dz (y26 ONRARY3I | o6AG 2F O2f 2dzNJ A

The Features mentioned by the architecthe above quotation are théstairs and was coded as

ostair€. The accompanying Behaviouretlrchitect mentioned to support by theast design $

ostair uise€ and this was coded astair useand dmake them less reliant on, Btsay use the lifés

wascoded astelevator usé. In terms of occupant Needs, tlaove extract provides both explicit

and implicit fragments. For instance, arguts expligtly mention the occupant Needs that the

stair design intended to support when they séyst being abled use the spacé&sdtry to make

the stairs much more acssiblé, oréyou can getuptoyour ®oYd Sl a& FNRBY>X fSéQa al &3z
point BE. These ecounts wee coded asbavailabilitye, caccessibility, and dease of usé In

contrast, the recountX A (n@d A IKit & yAOSNI gl & X o6msEhean I oAl 2F
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interpreted as the architechtending to apply colour on the stairs thake stairsmore appeding

to occupants and was consequently codedatractiveness

To ensure the line of thinkingehind the implicit coding is clear two more exampées provided
hereafter. For instance, vém architects mention to desigadecentsize kitcheng, the word
odecent is interpreted as associating the size of the kitchen to a dimension which was beteved
be comfortable for occupants, hence aiming to sugpigbe Comfortneed of occupants. Similg,
where the architect explains the remsbehind the use of e trees by sayindt will be lovely to
live in a tower among the treésthe researcher intengts this as intention to support the

occupant need foAestheticand Attractiveness

This coehg process explained above was perform@deach arcitect interview transcript one
by-one, and eventually led to the development of individual tables with éhcelumns, each
column holding one of the predefined des: Feature, Need, or Behavicas viddle in Table44.
Creating the Architect FNB tabté the Appendix However, architects did not emtion in every
case both the occupd Needs and Behaviours the designed features were meargupport. In
instances where architects dlinot mention the intention to support sustainable behaviours by
the specific design feature(s), the Behaviour cell {eftsblank (for instance see row & dTable
44. Creating the Architect FNB tablirEom the Appendi®. Similarly, where architect recounts did
not refer to any occupant needs while discugsthe purpose of aesign feature, the cell in the

Need column remained void.

The talles createl this way capture individual occurrence$ each arcitect disaissing design
features of sustainable accommodations and how those features may have been idtémde
support occupnt needs or sustainable occupant behaviours. Additionally, iritiaé row of each
table the Need and the Behaviourlomn countshow manydesign features architects mentioned
and in how many cases there was an associated intentionufgpat occupant neds or
behaviours. This allows grasping how consistent architenfions were with the chosen

theoretical framework.

After compling one ndependent FNB table for each interview transcript, the analysis proceeded
towards merging the idependent tablesrito an overall Architect FNB table (s@able 47.
Architect FNB Tabli& the Appendix to obtain an overall view of how the interviewed architects

together considered suport of occupant needs and behaviours via their designs.
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Datadriven coding for the wider cmaxt of architecturbintentions and decimns

Besideghe identification of theorydriven codes describing Features, Needs and/or Behaviours,
the researcher alsaentified situations or patterns in the data which were not directly related to
the predefired codes of featuresneeds or behavioursub describedthe wider context of
architect design intentions. This was believed to be important to better understdmed t
circumstances under which the features were designed and how those circumstances might have
shaped architect itentions to support ocgpant needsand sustaiable occupant behaviours. To
identify these situations, the analysis adopted the more explogativottomup approach of

Thematic Analysis and developed the codes from the data itself.

The dita-driven coding pocess started with iddifying segrents in e&h interview transcript

separately, that appeared to be relevant for understanding bigger faRchish @A y 3 | NOKAGSOGaQ F
intentions. It was assumed that a single comment in the data mgudies telling aseoccurring

patterns inthe same iterview transcript, or comments which all architects shared. After coding

the interviews, the preliminaryades were assessed, compared, grouped leading towards higher

level codes. These hightavel odes were then furter grouped and organizkinto nascet sub

themes and themes.

To better illustrate how the process of datiiven coding was applied in thegment study, take

for instance the following example from one architect interview. The dateated that the
respective architect providd cycle huls in studet residences to promote the more sustainable
occupant practice of commuting which is cyclinge Binchitect also mentioned that the design of
the hub intended to be available, attractive,deasy to use. Theycle hub in this caseagcoded

as the Featue, the practice of cycling was coded as the Behaviour whiledthailability,
OAttractiveness, and cEase of usewere coded as the Needs based on the theory driven coding

process explaineih the previous sdt A Zgble4s. Creating the Architect FNB tablab

Nevertheless, the datdriven coding revealed that architects attended lectures and engaged in

comprehensive studies o2 OOdzLJ Yy aQ &LISOA T A difesyl&s@iich h tudm SK I OA 2 dzNBE =
helped them in understanding how to effectively design for promoting cycling practices in

university accommodations. This provided a broader understanding¢gtarye behind how the

occumnt needs and behaviours have been suppdty the design feature of cycle hulas visible

from dTable45. Datadriven coding Eof the Appendix.
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Furthermore, the same architect also revealed the Hardf persuading certification bodies and
planning de@rtments © accept uniqgue and innovag solutions for the design of the cycle hub

also captured iniTable46. Datadriven coding Z of the Appemlix.

Hence, the datalriven codesapturethe circumsances thragh which the architect designed for
occupant needs and beliours via specific features. Thisopided a deeper, more
comprehensive and more nuanced understanding of architect design intenéind decisions. By
applying the same da-driven codng proces for all architect interview transcripts and after
assessig, comparing, merging or collapsirtgetcodes, the following two themes emerged which
were thought to best capture the larger contex 2 ¥ | NOKA (SOl aQ cipshti Sy i

needsand sustanable behaviour:

1. Knowledge on student accommodations arglotcupants

2. Architect agency

The tabés dTable 45. Datadriven coding E and dTable 46. Datadriven coding Z from the

Appendixexemplify codes and the themes the codes contributed

Mixing datadriven odes with theondriven codes

Although the themesconsisting of datR NA Sy O2 RS & O LJi dgNiiBm & NOK
broader persgctive, they can almost always be linked to a specific feateed-behaviour
occurrence identifd using the theondriven codes. This is because architects, while expigin

the widerdforcest or the context shaping and driving thententions, also disuss specific design
features that may have been affected by those forces. Therefore, the-dfatan codes and
themes wae matched to the codes indicated by the theory whdiscussing the spdic FN-B

occurrence.

Finally, ten mainthemes havebeen idetiified, concentrating around a specific occupant

behaviour intended to be supported by the ardts.

Thethemes and tle story of each main theme is presented in the cengive Result sedn of

this chapter.
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6.3.Results

This sectia presents he resultsof the architect interview analysis, developed with the mixed use
of top-down and bottomup appioaches of Thematic Analig. The topdlown analysis results show
how architects consider suppoirig environmentally relevant occupant behaurs and @cupant
needs via architectural elements and design featuresusftainable student accommodations. On
the other hand, the bottormup analysis results present what is the larger cantan which
architeds develop and implement their intention® support acupant neds and sustainable
occupant behaviours. While the analysis used both inductive and deductiveages, the
principal gproach was deductive by p@efining the coding &imework of FeaturédNeed
Behaviours (FNB) at the outset of thadysis. Tk larger ontext of the FNB intentions revealed
by the bottomup approach was secondary in this analyskgs hierarchy is followe through by
the reporting of the results as weNVhile architect intetions to support sustainable occupant
behaviours andoccupant meds will constitute the main story, the larger context of those

intentions will be infused intthe main story of the rsults.

Additionally, the results reveal that arééct considerationsand intentions can be captured into
an Artitect FNB able compaable to the FNB table developed from occupant interviews in
Chapterd nOccupant Interview Studyand corroborated quaritatively by Chapteth pOccupant
survey Studg.

The section is structed around the major themes developed frothe analys using the
predefined FNB coding framework. Each of the main themes capture in a sepactien a
specifc sustainable occupatiehaviour or behaviour group architects intend to support by design
features. Each behaviodocused suksection is further gructured around behaviourelated
occupant needs architects mean to support. The design features deptoyagpport those needs

and behaviours are then included in the story of each discussed occugaat and sustainable

i oA =

u»

behaviour. Finallythe larger ontext ing KA OK | NOKAG1SOGaQ AydSylaArazya

revealed by the bottorrup coding, is woven ithe story of the respdive sustainable behaviours.

The following architectprojected sustainble occupant behaviours are the major themthe

present study s structured around:

1. Increase awareness 7. Natural light use and reduced littering
2. Gardening 8. Sustainablelight-systems use

3. Sustainable comating 9. Susainable heating and vengtion

4. Sustainable vertical transportation 10. Sustanable waste management and
5. (Qooking and reducing waste recycling

6. Reduced resource use

180



6.3.1Increase awareness

While designing sstainable $udent resdences, architects

frequently resort to design features that act as symbols of
sustainability. These features ameant to convey to occugnts
and visitors alike the high environmental commént of the
building. Although raising awaeness is nb a sustanable
occupant behaviour in itself, it can be argued that raising |
awareness may eventually lead to more sustaindimdaviours
and hence ittan be considered as being an intention to prom

more sustainable behaviours afitestyles.

The archiect recourls exemplify how recognisability ancFigure53. Green wall. CC.
attractiveness of the employed design features is being considered duringndasd concludes

that raising awareness @&ustainability was the intended tcomes.

Recognisability

In an attempt to signal the eceptional environmental
commitment of the building, Frank integrates extensive green
in the design. More specifically, ghaccommodation displaya |

living green wad] green areas around the buildingnd adult pine |
trees specifically brougtin for the sake of he project SeeFigure |
53. andFigure54.

(Frark@CC) " | just think that the fact that w you see
the building, the greensg | f f L GKAY] X
0 KAY 1 acudly asdY o 2 f X thikRit gives that B
aSyasS GKIFIO GKAa Aa I RA A Y 3D
GKFG GKAA Aada ' RATFTTFSNBY( Figuress Tree and vegetation. CC

GDAGAY 3 (et IA Y ¥ S¢ suggeSts Dd aduditect considersegn areas as
recognizable symbols of sagtability.

Similary, to Frank, Kris the architect of DDH also operates
green areas as symbols of sustainability in order teerascupant

awareness on sustainability. i&r also revealsthat the

sustainality signalling visual elements were intégd to provide i

a subte message rather than a highly conspicuous statement. Figure55. Supended bicycles. DDF
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OYNRA&AX551 0 HX O0AY 2NRSNJ
coutyard we tried to introduce a bit of a§rSy I , bl
and a X{ 2 @QArdzizRya Bl &2 fSGQ el bl ey K Al aONBI Yz
atyolY Wor€eNbulRA Yy I3 Qdé " F AR

YNAAaQa RS&AIYy TFdzNIKSNI AydaS3
idea of sustainability, such as the bidgs suspended from the
ceiling of a cantilvered areas, meant to appear as mstantly Figures6. Recessed windows. CC.

recognizable symbol of sustaivla transpotation (see Figure
55.).

YNRAX551 0 aX &2dz K @S a2 NI yeyles|lpedy Mifoduced A G Gf S St S
almost as a bitofamarS NJ X ¢

When discussing gmals of sustainability incorporated inehbuilding design, Frak mentions

recessed windowsgFigure56.). Although, the way recessed windows delieved to suggest the

building is sustainable was not eapled, the recouh reveals that showing a building is

adifferenté may equivocateto signalling the building is sustainable.

OCNI Y1 X/ /0 aXuiddbly, 2diuil$ tNdsdivintiohd Wheh ywalk around,

82dzQf f 4SS GKI G UK ®tback fyoR hédrS LI NI ORE f & ¢ RNIGKS 281 KS |

0 KF G hinkBhergsadythingd KSaS @Aadzafa GKFIG areéea GKS odzAfR
Windows, more specifally, reduced sized windows together
with the sustainable materials used on the facade of the mgidi
are also pres¢ei Ay YNAR&aQa I OO02dafi - f ardyl fa
sustainaliity (Figure 57.). However, the architect also
acknowledges that these symbols are likelgt recognized by .
200dzdl yias KSyOS y2i Odibsof S L OdzLll v i Q& |

the sustainability of the accommaodation

(Kris@DDBl & X thsyof vis@Nhpression, the building |
itself, you know, smaller windows... we use materials (rigure 57. Modestsized window:
the facade) whichfaf KI @S | 3INJ RS ©ODH S R2yQi
NBO23IyATlS GKIFG Xé

Although Kris metions the window size as potential, although urecognizable sustainaility

supportive feature, later he also reveals that his intentions to design smaller windows were

filtered by comlJt A yOS gA0GK GKS Of ASyiQa o dzRdiguiaioNE NI Ij dzA NB Y

of student rooms.
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OYNRA&X55]1 odowd X efaSof, ee®& al &8xX GKS GNBFGYSyi

AyadlyOoS ¢l a @GSNEB aidNI AIKGTF2 NBthalRostalidrdsl dza
R2y QG GKNRBg 2dzi | f 2 G inddwsare \@r$ expedsivéie igey R 2 6

they are the more expesive the ooms are and therefore they do not get the returns as

dA O1te a SELSOGSR 06ST2NBXdoigve a@ budgdtdy

NBAGNROGAZ2YaAXE YR & W Forthé Stidgnt resistshavdzsaR allf 2 @

glaze wndows, it lmks great,but generally, it never worked considering the furniture
layouts anyways, so yeah | mean we always have the s@angows where we actually

L I OS GKS @AYyR2g4a,thyiS NBENJIMPBHNIK ALEK X ySRXQ a

Frank also mentionshat exposirg the cros-laminated timber
walls (CLT) is intended as a signal of sustainability for potentja
raising awareness of regdts about the sustainable character ¢
the building(seeFigure58.). ire58. Exp05ed CLT. Cu

image

0 CNI y 1 Xjust showypl v tle CLT material, the

construction, on the ground floor when you walk around there is a central space which is

used2 NJ YSSGAy3a |G GKS erRyNd/vaINIn e insilletBeis @ dzA f |

panel of CLT which is exposed sogausee theconstruch 2y X &2 ¢S ¢l yid S

fAGOUES OoOAlUXdPPaz &2dz OFy &aSS (GKS 0Oz2yail

consNHzO G SRX b

However, he continues by projectingtential improvements to the gposed CLT, suggesting that
more informaticn would have been nee@&d in order to make the exposed structure a
recognizable feature of sustainability. This can also be interpretesh acknowledgment that the
designed featuren discussion may have not reachits objective to successfully raise opent

awareress on thesustainability of the building and sustainability in general.

(Frank@CC) " ... | think maybe it could have betaresting to maybe just somebody

thought abouti KSa S G KAy 3a Xhawlsame Bformabion aduallgzZbulR in

thebuilding,whatith- & F OKAS@SRX @2dz (y26X a2 Al0Qa
Interestingly the architect also mentions that the design team follows thimcjples of
participatory design and closetpllaborates with parties thabave deeper knowledge on future
occupant eeds, wantsand ways busing the buildings.

OGCNIY1X/ /0 bXsKSYy 68 adFNISR 68 62N] SR

deputy eam of the students, and so she and her teasremesponsible for, you know,

getting people in and make sure that evieogly is housd propery, and so she was very

close to the way this was designed looking at the bedroom for example and the kitchen

and dning spaces, what went into those spaces, dhd architectural arrangement

[’]

iy Of dzZRAYy 3 GKS 02t 2 dzMadadddlySith Bei X jusy deteriige the® ¢ 2
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GKAy3axaz GKFG adl{SK2f RSN Ay@2ft SR gAGK GKS R
relationship that we had, and very successful. "

However, the architect still mphasises that more information may haveslped the design

intention to materialize into a design feature that achieves the aim of conveying the exceptional

sustainable commitmendf the building. Thus, the design intentiadeen as a factor that may be

limited in how successfully it materialzdy the krowledge ail information on future occupants

that are available to the architect. This is not to say that earlier collabaratio increase

knowledge on occupants in notesidered successful, but instgéshe message of the architect is

that cortinuous impovement ofknowledge may refine design solutions to better reach their

goals.

Attractiveness
In addition to considering \getation as a symbol of sustainability for apants as presented
above, Frak operates with vegetation to make the amomodationsmore attractive and provide

a positive aesthetic experience for residents.

ax
N

OCNI Y1X%X/ /0 bHbX (KSaS TFTXodX gnNBA ibatdéndtekd#edNs i Yy R
and sothis tower would come throughnd this will be a lovely thing to live ireein the
treesyoukd g X &

Beside the above occupanentric design intentions, Frank also aims to support ecological

diversity of the aea:

OCNYYy1%X/ /0 aX GKSNB 6SNB Yl (i dzdhhosé Nd&ke 2y (KA& 2
way for this building ath ©© what weQ @S R giwérSback in terms of the planting, in
terms of landscaping some m&d®B G NBS& | RRSR A yawaydf givikgS

a0KSYSaood
001 YR FTRRAYy3 G2 GKS LAYS RAGSNERAGE 27F GK anA

S

Vegetation
+ Adult trees
+ Green walls \\
+ Green areas i\

: ‘ e
Decoration s Recognizability Increased
+ suspended )’
8 \ awareness
bicycles 1\

Attractiveness

Structural /
elements /
+ openings
+ exposed CLT

Figure59. Increase awareness
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Althoudch Frank mentions to use the vegetation tithe intenfon to rase awareness on the
sustainability of the building, he does not alludeany preenvironmental behavioural respoas

expected from occupants.

Hence, this subsection shows how architects odtanable accommodations employ various
design features to messge the sustainability of the accommodations, some of which are
employedwith a joint intention to also support atictiveness of the sustainable buildifgigure

59.) without necessarily directly linkgthese feaures to sistainable occupant behaviours.
6.3.2Gardening

Availability
Green areas, beyond their use as symbols of sustainalziliéyalso considered for the potential
pro-environmental activities they caafford to occupants.
OYNRAX55]1 OrkidgobasheNBrigi 2y 2¢ (GKIFG &dzZ33dSaida X
F2N) aGdzRSyia Xé
Although the architect does not explicitly mention aogcupant need, making the gardens

available to occupants, thus availabilign be coridered as an occupant need thdedgn cates

for.

———— Availability Gardening

Figure60. Gardening

Futhermore, Kris displays 4depth understanding of the behavioural dynamics of the student
population interlinked \ith the shortterm occupancy of thebuilding type, and underlines
challengego maintairing occupant interest and engagent even where avable spaces afford

pro-environmental activities:

OYNRAX551 0 aXlfglea ySg LIS2LI SantdeNdat the i | &
present resident Wlitake it on with the same interest asetpreviousyears, say growing
plants, soméhing whichwould helpad dza G F Ay 0 Af A& dDPDE
In the above recount, Kris highlights the unpredictability of occupant behaviours because of t
constantly changing occupancytbe university accommodations. Althoughet archite¢ has the
intention to promote gardening by making thke green areas available for occupants, the
dzy LINBRAOGFOAT AGE 2F 200dzLI y i & Qreakhy/its ieded (nign. Y A

Therefore,in this case, the challenge to maintaimidérest dueto the short occupancy dictatkby
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the buiding canbe considered as a potential factor influencing the architect intention to promote
I NRSYAYyId Y Nopronote Gdgring iR Gydtired KigunsaD.

6.3.3Sustainable comating

Availability, aractivenessand easef use

¢ KS & S63il me&ehse @wareness dzy RS NI A y Sded bicglés(sed Bigute)S5y
intend to genty raise occupant awareness the sustaiable characer of the building. However,
the architect who applied this design feature had more-rizaching aspirations in terms of
promoting occupant behaviours than just raising awareness on the sustainablactéraof the

building. Thesenore ambitiols aims are @tailed bythe following architect recount:

OYNRAX551 0 a{2 QAradatfte L O2dzZ RyQigreedl &3  SiQa
0dzAf RAY3IQI odzi 6KSy 221 R24Yy ingibddakdtheaINR dzy R 4 K
encouragemat this beinga hub for gcling ack A GAS& Ay DNBSYysAOK | NBI X
visually when you walk in this particular building, outside, you know, aitténhints, you
1y26s AdQa I LX I OS gKAOK ySye®2ddzNa SHiS AfySAGRES a2t F&  AGie
Thetermséscreans and awhenyou lookdown on the groundis interpreted as rejection of using
the building as a billboard of sustainability and insteadbracing a more pragmatic approach to

support sustainability and sustainalidehaviour by accommodationegign.

The gcle hub isperceivedas an appropriate design solution to support sustainability and meant
to enable and encourage residents and vistatike to embrace cycling as a commute mode. The
architect identifies a vaety of amenities that are paof the desgn of the hib and mayengage
users to cycle:
OYNR&X551 0 aXAd R2Sa alé GKIFIG GKAa Aa + RS@St
students lnt outside people so they come in the cycle park, visitors, there is aike a b
OF FS AY ¢ Kivae in tels ofRlavBIgneit, bl this is one where to say you
have these new, broader retail elements which couples up with little coffee shdps an
OeO0f S NBLI ANJ aK2LlaXh
YNREQ NBO2dzyd &dz3a3SalubandKs attraciivén8ssens@rediby along f A G & 2 F (K
amenites such a coffee shops and thematic retails spac@se two key occupant needs that if

supported by the design are expedtéo result in better resident engagement in cycling.

Although the availabily and attractiveness were ccupant needsconsidered to promote
sustainable travel choice, the distant location of the residence from the main campus presented

commuting as a pmary occupant need the design was meant to cater for in compliance with
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cliert requirements. Hence, anotheexample orhow O f A $eduirément and the very location
2F GKS OF YLIza YAIKG &aKFLIS FNOKAGSOGaAaQ sAyidSyld

(Kris@DDH) "...and so that was an important thing to them (the univebgtguse at this
particular hall of residencewas quite remote fom the rest of the campus, so there was an
expectation that you know there will be other means of transportatipaplic
transportation, or the ability that you can easily get from the héltesidence from here
to the main canpus tself."
Krisshows futher consideration of less obvious occupant needs that might affect sustainable
travel mode choices. He reveals thimr the design of the cycle hub, the office resorted to
accessing and intpreting research on studentitycleuse béaviour patterns whichhelps the
designer identify and respond to less obvious resident needs.
OYNRAAX551 0 aXlyR a2Ad8 d@KBRSNOHAXKE dzya D&RA
simply provide endless racks otleg on the assumption thatuslentswill come in, brig
their own bikes or buy a bicycle and at the end of the academic year take their bikes with
GKSY Xé2dz 1y2¢ pécked fom stadéritsRbutéstiderfistrarely do that,
students are not known tbe going on and to buy theKkais andquite ofii Sy shyS/auQ &
have that spaces in the halls of residences full of cycle racks but maybe 20%, 30% says it i
I Oldz- t & BLYRYyHBOIPASZSREBRSY i R2y Qi 32 YR 0 dz
the finarcial commitment on that, theR 2 yv@nifitorA & 1 X €
Instead of poviding éendless racksfor bicycles, Kris designed a solution that complies with
student needs and behaviours gigsted by their study.
OYNRAX551 0 aX o0GKS Of A i 03 21 O G/RIN0SIRS saliKK: SiA
they endup using trese free BR YLJG 2y o0A {1 Sa 6KAOK Aa&a Lz
here what we ended up using was lockers where-doledy bkes can be easily put away
X ¢
Providing bikes and lockers for bikes is haditt to make biking availabfer resdents while the
free nature of bikes makes bike use easy. These qualities are deemed to further enable and

encourage residents in choosing ibif as their travel mode.

This case illustrates how the architect interesbatupant lifestyles, willingess toinves time and
energy in kowledge development on occupant lifestyles, and the developed knowledge
altogether play their part in the finale$s mainstream but more practical and potentially more

successful design saion.
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Kris further highlightghat athough adesign @cision mg be well founded, it is challenging to
persuade systemic actors such as planning departments and BREEAM assk#soraerits,
especially if it deviates from mainstream solutions.
(Kris@DD 0 d X6 S 6 SNB | ednurBbe af &/cle XdBkR ddlt Sookidjite a bit of
persuasion to the planners as well as the BREEAM advisors, because the BREEAM does not

accepttos@d > e2dz 1y26> (GKAa Aa &a2NIl 2F atA3akate RA
provision of cycle racks ierms d numtersto altemative meg/ &8 G KSNB>X &2dz (Y263 @:
SyO02dzNF 3Ay3 OeOf SNA odzi y20 ySOSaal NAte& LINBJAF
- O1 &aXé

YNAAQ NBO2dzyli &adzZa3asSada GKI G ardmdtelemMdiohngedtaly2z OOdzLI yi Y

friendly behavours can resultin complexdesign solutions which might go beyond following

BREEAM requirements. Nevertheless, approaching it with perseseramd pushing it through

the planning process, just as Kris does, might fvdine effort to eventually crate soltions that

suppat occuparts needs while also promoting more sustainable occupant behavigigare61.

sunmarizes the architect considerations to support sustainabbyel modes by esign via

intended support for the neesld future ocapants.

Availability

Cycle hub
+amenities
+ foldable, free
bikes

Attractiveness

Ease of use

Figure61l. Sustainable commuting
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6.3.4Sustainable vertical transportation

Availability, accessibility, ease of use and attractiveness

Verticaltransportaion presents itself as a potential design opportunity to promote sustainable
ALk OS dzaSo Y NA & ilentiNiStO pranbté stalBs€ arfsl Qailuce rélignce on
elevators and associated electricity use by designing staircases thatvailebe, accessible,

attractive, and easy to use for occupants.

OYNRA&X551 0g dylX ® deethe spScksythemselves, tymake sy the stairs
much morea®S&aaAof S a2 (2 O2yaAiARSNE 21 AdGQa
up to your rooms easy fran f $ipOidt A # Ipoint B and make them less reliant on,
f SGQasS alt RS dfaa TG a X @& 2 dzr way2heén justisdy & akbp saértfdA I K i
GKNRBg gl e altGFrANE &2 e2dz {y2¢ ONARY3IA I 0OAC
The aim to make stairs attractive to residemsnferred by wanting t@bring colour into i€. dJust
being @le to use the spage and dmore accessible are explicitly mentiored and canbe
interpreted as intending to make the space avdiahnd accessible to occupants. Finally, ease of

use is als@xplicitly mentioned as a design intentidrigure62. plots the architeciconsiderations

to promae sustairable vertical transport modes in sustainable accommodations.

Availability

) Accessibility
Staircase

R : Stair use

+... Attractiveness

Ease of use
Figure62. Stair use.

6.3.50ooking and reducing waste

Availability and comfort

The kitchen and dining areas of the halls are descril

by architects as potential vehicles of supportingore
sustainable dod preparation and waste management
LIN OGAOSad® YNRAQ yI NNI

(e
T

spacious kitchens are indented to enable desits to

easily prepare their meals and consequently tufa l’

ordering food, with its inherent waste generatiorgiguress, Spacious kitchens. DDH.

consequence, ird a les attractive choice.
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OYNRAAX551 0 bodd RSOSyild &arAl § 2F (GKS {AGOKSya (Kl
encouragedtor 1 S £ SGQa al @& (KSANI 2boxd médstafidd NI G KSNJ

what not, and before you knowt, you have stack and sacks of,you know, boxes which

g2dz  Oldzrfte GKNRg | gl ez AGQa y2G4 3I22R FNRY | &

Kris not only inteds to make kitchens available to residents, but also aimsnale them of

odecent size thattserve the pocess suggestinghe progcts its omfortable use for occupants.

His considerations are capturedHigue 64.

Availability Cooki d
ooking an

reduced waste

Comfort

Figue 64. Cooking and reducing waste.

6.3.6Raluced resource use

Information, feedback, competing and reinfonent
The concept of the informatiodisply is reported to |8
be part of the architectural design and is intended as
potential tool to provide information and feedback tq

occupants on theiresource consumption potentiall

. _
69% of the calculated energy

prompting them to reduce theirconsumption. The Ji - (i

panels are also congded by architects as anFigure6s. Information display. CC. YouTub
appropriate medium for organizing competitions

between flats that may further stimulate occupants to reduce water and energgwaption.

foulibe

einm

GCNI Y1X//0 bX Ay GKS 1AKOKBYNI yERI WIYAYA NBREYSIif

idea was that we would have eachfdhe kitchen and dining room spaces for 12 students
YR ¢S OFff OGKFG || WK2dzaSQXxaz2 (tkhSireke?gizd Sa 62 d
dzaSXbh |yR aXGKS RS@A OSbutdhe drigihaRdedSvias pa &f theNRa (K S

designX ¢ | yARQurées S

In the case of Hannah, monitoring resource consumption combined with negatinforcement
is mentioned as an imaginable solutitm redu0S 2 OO0dzLJr Y4 Q NBa2@hoS
NB a A RSy ( aisike tddaidShysisthatedy is Bcknowledged, the benefihat it would make

occupants pay attention to their consumptionéhence to change their resource use behaviour

was peceived b outperform the shortcomings of occupadidike towards the stragtgy.

02y adzylL

(Hanra@MH)" ... if students were monitored in the amount of water they use and they
actually had to pay forit...theR 2 y QG £ 23S A0GX 2NJ Y2YA(Gey NBR F2NJ (K
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dza SER_XS I KX o6dzi A F LIS 2 LiXwhat tkdy Bre dpidg rade? tiad fisf G NI |
PFFX GKSANI 0SKIF@A2dzNI ¢g2dzf R 60S02YS jdzAGS R
YNREQ NBO2dzyd O2y il Aya 02 ddkHarmabSHE lcondes throughSay (0 A
being aware on how answeg occyant needs for information and feedback oesource use,
and wavinghat into competitions or negative reinforcement may generate student engagement

in moderate resource use.

0 Y NJA a X 5 Sylhave ttiinggiskich as monitoring devices, meters at efitte clusters,
a2 SaaSyidAalf aXAtSaQat dpatiion&hd & Sctuddly uSimy the
Y2ali SySNBHe& FyR ¢K2Qa (GKS Yzad STTAOASY

igk Ga 2NJ y23G dzaAy3a &2 YdzOHK aSybls Wa&n pldce@ 20 A (0
Sy 02 dzNJ 3 Ssiderits3diaOtdally delgtér whatthey NS R2 Ay 3 Xa
OYNRA&AX551 0 X GKS@ o6Fy2GKSNJ Ot ASydo | OdGd
andtheysai 2F AYLIRAaS Al 2y GKSY re2alov@dzudhgnila 0 >
such if you go above a certatmreshold than yowvill be, itwill be added to you monthly...
a2 @2dz Ydzad 3F2 6A0GK GKS (GKAy3a f ApoBofli KI
NBadz X ¢
Hence, the interviews suggest that architecegard overall resource use as a sebeffiaviours
that may be swyed into more sustainable patterns by the use of information displays. The
displays are intended by architects to providéimation and feedbek to occupants in a manner
that would promp residents to reduce their resource usAddtionally, using the wplays as
com@ySyida 2F Y2NB StlF02NI0SRZ | O02YY2RI{Az2Y
competitiveness and reactiorotreinforcement techiques is forecasted by architects to furthe
contribute to sustainable useFigure66. captures howarchitects conceptualize and intent to

promote moderate resource udey occuparicharacteristieawareinformation displays.

, Moderate
resource use

Reinforcements

Figure66. Moderating resource use.

It is important to highlight that altbugh Kris suggests that the competitionadanegative
reinforcement techniques could furthe strengthen the effect of information and feedback

provided by the panels in motivating occupantsréaluce energy use, he cstantly rejects the
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more deterministicarchitectural approach afchanging behawuré and feels very unaufortable
throughout theinterview to use the worddbehaviouk. In his view, students have a rebellious
nature and imposingertain ways of doings orhem, such as using the lights lessght be met
with psychological reactancéiowever, instead of judgim studentsfor that, hereflects on his
own youth and acknowledges that he would probably have exhibited similar reactioresé
someone had imposed simar restrictions on him. Therefer he advocates for a more
sympathetic, sbtle and gentle way of shapinfpe way @cupants usehe spaces by inviting,

enabling, and encouraging those interactions rather than forcing those.

(Krig€ 5 51 0 & fdDipQ BtradidurdirE terms of determinisnyou know so you are of

forcing people in we way or another, this got tdbe done m certain kindof subtle way,
SALISOALffe gAGK addzRSyida tSGQa aleénefdzx AT
your lights and whay' 2 4 XL Y SI y L drietody ltold &ndi tdzEoBstamtly thrd & 2
thelignof ¥ L 62 dzZ R oukdhave een anyry jusbetausé af the rebellious

e 2dz

VI GdzNBXodzi AF AGQ&a R2yS Ay | &ddzsditiSongl 8z &2dz |

where studets are actually being put in @nvironment where it is an enabler theyydi@ (i

actually have to think atuz(i 4 id the bAciofyour mind, you know, to say yes how well

6SQ@S R2yS Ay GSN¥a 27 erft Banred withih @&grodNgthiak, A y 2 dzNJ
@2dz |y 26 3o dctiallyzcome Sgeth& Mcdbk our foddgether as group rather

than individudly going outor ordering a pizza which one might thing it must be disastrous

from an environmentally point of vietv { 2 £ A (i Q aike &hdzosort & getlifgA y 3a ¢
studens in the mindset as residents to be enemad to do certain things yoknow you

2y Qi K3 @A ik ®BKS fAIKGAEA 2y dé

However, this less deterministic and more gentle approach to shape occupsotiroe use
behaviours witlin the sustainable accommodationl®es not mean for Kris that the approaih
less effective. In contrashe thinks that given he life changing situation in which students are,
moving away from the family home and moving intonaw environment offers a rgat
opportunity for the accommoations to help occupants in the uptake otw, less resource

intensive lilding irteractions.

(KNA&aX551 0 aXoKSy &addzRSyida 0O02YS Ay AGQa 2 7Fi
fromtheirparents &2dz Yy 262X FRAZQOKE (i § (i B &nfod and dadl (1 K §
and you leave your lights on 2 dzZNJ 6 SRNZ 2 Y Zlly thifkks & 2 &8 B hes B & a
SySNHe FIO02NE 0SOlFdzaS F2N) a2YS NBlFaz2y e&2dz
0§KSVYKY o0dzi ¢ KS yeinpydudaibivhowaladaiptihRindset to think well,

you know, do | actily need to use this energg sizZNJO Snxhisdr@quacies/occurrences

U Cu
[@=-N (/))

Sy S

Sy a
1 Qa

Ny

lYyZ

gKI G GKS dzyA@SNERAGE gl yda Aa (2 I aiwewpSte SyO2dz
themselves (do ¥ (2 KI @S G(KS XSYHEANYAMY BRI @FFD FNROX (1 KS¢

things suctasmonitoring devices, meteet each d the clusterX €
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¢KS ARSI& LINBaSyiSR 020S: 0SaARSa 3IAGAYy3A Y:
occupants to moderate their reource consumption in the accomfd G A2y > | f a2 KA
understandiy and experienceof students and stuént accommodationrespectively. This
1y26ft SR3IS | yR SELISNASYOS AY0A0S (i Knén deshlingA G S
the sustainableaccommodations and hence itsa inevitably shapes the way he intends t
enable, support and encourag sustaindle occupant behaours by the design of the

accommodations.

6.3.7Natural light use and reduced littering

The winaws are highly prevalent degi features in architect recais. These are associated with
the comfortand control need of occupantand with the environmentaly sustainable occupant
behaviour of natural light use and reduced artificial light use. Arcldtemntion multiple facets
of occupant comfort such as viduaomfort, thermal comfort and good air qlity to be
considered duringhe designof windows. Occpant control is mainly discussed by architects in
terms of glare control integrated in window dgsi The present section highihts the findings on
how archtects aim to support occupant needs antbpiote sustainable occupant baviours ly

focusing on cofmol and the various aspects of occupant comfort.

Visual comfort of views

At the design of the witlows, oneway architects intend to support visual comfostby providing
views to residents. For itence, Kris states that spetiattention has been givemo the views
afforded by windows, despite the fact that the windows may designed to bedsmalleg to

minimize heat gains.

v A oA s 4

OYNRAX551 0 aXoKSKI PSdzt BEDPE dzkJe & B2 dzZR&YS W i
K @S> f Siasswiadwswhichkadz3ligtly arder to deal with when it comes to
heat gains in the rooms thems&\a X a&
Nevertheless, theexact design decision that is supposed to provide greawvwifrom student
rooms is not detailed byhe interviewee. On the othehand, Frak reports providag a view for
residents by futheight windows in the student rooms and byrniture arrangementghat allow

views through the glazed surfaces of the dinamga.

OCNI Y1 X/ /0 a&aXiKL oftelpidcesd ® Nibke duoxieKlightid chiding
intoyodzNJ NB2Y F2NJ I FdzZAf KSAIKOG GAYyR2gthel & ¢
lighting was consided of course and the dining/kitchen rooms, you know, Hi#et you

know this great view out acrosB¢O | Y LJdzd ddP¢
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Although suppding occypant comfort by @suring views

from the windows are among the expressed desi

intentions, no association with a d&red pro ‘~7 1
|

environmental occupanbuilding interaction emered |

from the recounts whatsoever.

Visual omfort of daylight

Ensuring dylight fa occupants is asther design inéntion
present in the narrative of architects and is commonFigure67. Room windowbDH.

associated with thedesign of the windows. In order to provide naturally brigimtaces, Frank

designs futheight windowsn the rooms and extensiveaged surfaes in the diningreas.

- ,

[@=N
e
w»

(Frank@ / 0 aXGKIFG 61 & @S
process to make sure more light is comingi
your room for a fuKSA3IKG GAY
G ® d d 3 £ He Wiking Placdsyedutes the amou
of (attificial) light you need anche windowgiving
a great daglight into thespaces..."

Frank explicitly integrates into his account the reduc

amount of atificial light use during the day enabled b
good daylight levels, showing that prenvironmental . —

Hgure 68. Compromise to reduce litterir
ocaipant behaviour appears in anigect remunts as an MH.

expeded outcome of a windows related design decision.

Kris, having to respect client business coristsa follows a standarddriven approach to ensure

dayligh levels are above a minimuthreshold.

(Kisk551 0 aX I|ff adullg gvéhPag Asdessinédmake sure the light

t SgSta NBFOK | YAYAYdzy &Gl yRINR lefdRse 0 KS

windows, glass windows are very expensive, the bitjyey are the more expensivke

rooms ae and therefore they (develop®) do notget the returnsas quickly as expected

X a
Kris also states that lower reliance on artificial light in naturaN®b3I K i a Ll OS&a A a
grantedd inplying that the likk between satisfying occupanteds for dglight visual comfort and
subsquently educed artificial light use behaviour are common knowledge in student

accommodation design.

Il Yyl KQa & A gesigh decididad disd iBdride occupant comfort, more §ipetty the

visual comfort ofbrightness ad the comfort of good air quity but are negotiated agiast the
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client main requirement of preventing littering through the window. The latter is aclidwe
installing fixed louvers on the openable side of tbem windows, which also leads sacrifichg

daylight levels(seeFgure68.).

(Hannah@MH) "...we changed the windows to the louvers ...there was an issue around
students throwing rubbish out of the windows, and theye(tmiversity) wanted a system

that could raturally ventilate the room, mximize dalight but stop them throwng things

2dzi 2y GKS gAYyR26X a2 6S LINE LR aSRresfcanizd S NI
o Ol y2i0 ljdAGS 3I322R 0SO0ldaAaS 2F (KSasS f 2dzx

Nevertheless, the detrimental effect of lears on daylight is

intended © be allevated by the furniture amngement that
aims to maximize daylight at the desk by placing the table n

to the window (seeFigure69.).

(Hant KXal 0 booddiKI GQa sthed
window and everything edsis at tte far end, so you
ISGX e28A1 NFI2W&KE RIF&f A3

NA 3

In order to respond to tB  Of A Sy (i Q& ndLBNAnAhI
chooses a solution that besides the potentiabt@vent littering

is also perceived by & achitect to ensure the safg and Figure69. Maximizing daylight at tr

seaurity of occupants. desk. MH.

61 Fyyl KXiaw BXkéallyivelNaBcausd obthe security@St f X @& 2dz
norig 2F FTFEtAy3aAXE
Overall, this case illustrates well how teapport of one specific sustainable belmwi such as
reducing litteringand the sipport of occupant needs of safetyight decrease the support of

occupant daylight visual oafort.

Visual comfort black of glare and glare control
Preventing discomfort gte is a design intention associated to wiaw design. Kris reports
providing a dud system to occupants, which alloveecupants tomanipulate, or control the

natural lights during the day withot having to use blackout blinds.

(Kris@DDH) "..we oftedfy R (G2 &l & | az2f dan)igsieaddfhavidbk Sy
curtains that bank off light and glare coming frotn K S 2 dzi 8 A RSX G KI 4 G K
curtains and turnon the lights in the dgime, so what we do in most of the student
residential acommodations, you have two systems, onevee S Qa al & Ay
I YR ABREEAM fequirement anyway, you éahe ability to close off and have
complete blackout ctmins, but you also he the other, controlling sun shading and
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glare going intathe rooms, so that you can manipulate thatural lights without having

to put upthe artificial lights, of coursenidaytime."
LY YNR&QAa NBO2dzyi Ktiodth ¥ambat disdrfti Qidre2 dught lgad tod a2 f dz
increased artificial light use dwmg the day. On the other hand, providingappants with
adequate controlover the natural lights might prevent discdiart glare while allowing natural
lights in, and subsequly might reduce artitial light use. Hence, the applied design solution
servesexplicit intentions to provide control androtect comfort in order to educe occuJl y (i & Q

reliance on artificial liglst and hence to promote more sustainable light use behagio

Hannah reports tofollow BREEAM requirements and to provide blinds in oraerptevent
discomfort glare, without assaiing the design choice withngironmenlly relevant occupant
building ineractions. Provision of blinds also implies the intentiorsupport occupant ned for

control over glare.

(Hannah@MH) "Well, at the BREEAhey ask you to put blinds on every womg so
0KFGQa ¢ KL e wasBoeR NeRaked an&\Sis in regards which rooms would
be more affected (by glare) over ot X | KY X ¢ Sj€r® &herk thaf Bas hebi
done before, butnotonthisong,2 6S RARY QiU R2 didutbiinds"az2 ¢S dza SR
Thermal comforand goodair quality
Apartfrom visual comfot, the window design of sustainable student accommodatialiso entails
the consideration of occupant thermal comfort and the comfoftgood air quality. Frank, for
instance, reveals that fullheight windavs are inended to allow better air quality, while
protection from the sun is accomplished by designingssed windows. Thiatter design feature

also serves aesthetic qualities byanipulating light and shadoyFigure70.).

(Fral X/ / 0 boOd félldegh@Bdodsasvel iyeus

ny

ly26s 2dzad 3ISGaGAYy3I az2yYS Y&NB A A Ayi2 GKS N2
O2yaARSNBR Xb YR bX U0KS kg \ RSt A0 SNI
' | i I

TNRBY (KS RSLIIK Xi #éE revedd & listsat
0 I Othereasm for that is twofold: ..on these facades whe
the sun is coming down here this shades a bit the window;
window is on a face, a hegain on window, but by recessingget
GAYR2g Tl OS @& 2 dzQNdd rédécindneafain;
andA O Q &a rdally §odd architectutdeature because it ges
us shadow and light between the render and the depth of

wiyR2g> a2 akKlFIR2g¢g FyR fA3IKI(

On the upper floorsproviding shadingsi accomplished by designing i

Figure70. Fultheight
series of coloured glazed panels adjusted to the exteriof e windows with shading pane
CC.
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windows. Just as with the recessed window design on the dswesls, by adding coloured panels
to the exterior of theupper level windows thearchitect balanceshe provision of shading with

buildingaesthetics requirements.

(Frank@CE& h @ ® ded thiS Gdzed[filik Bs a means to provide solar shading for these

fF NHS 6AyR26a G GKS {2 Lloraf@ theiusd ofitibde filin&i§  NJ

to shadethe other was a technical thindictatedby the client, wanted some colaupn

thebuildy 3> a2 GKA& Aada 2dNJ gl & G2 GKAY]l | 062dz

Although, suppoiihg occupant comfort through reduced solar heat gains, siacand air
circulation were stated desigimtentions, no expected beh&wral outtomes are present in
CNI yl Q. | 002 dzy

Ly Y halvadive,a catering for thermal comfort ig

manifested by proposip smaller windows, which ishEs

described as being more efficiein terms of controlling Mﬂ

solarheat gairs. . || | S —

Figure 71. Windows size to limit solar ga

N o T .
OYNRaXal 0b XaXYIlé$ KRSEY RBdiNa al ez Kdzas
slightly harder to deal with when it comes to heat gains in the retimemselves."

Similar to the previous case, regarding mimal comfort or good air qualityno expeced

behavioural outcome is meitned by he architect.

Although Kris brings the design efmaller windows as a solution to reduce heat gain and
therefore tosupport thermal comfort, he also reckons that this choias mainly predetermined
by finarcial congraints dictated by the clientgiven ttat bigger windows are more expensive in

which clents do not want to invest.

=

OYNRAX551 0 aXiGKS2FT&A VIRR(6GEA Ayl @iES NVKaS (G NBF G

instane was very straightforward becaBs A (afd with gkpenditure that nst clients

R2Yy Qi UGKNRBg 2dzi | f 2 iwinddwsxare ge8/@xpeasdive, the BigiR 2 &

they are the more expengiihe rooms are and therefore they do not get the returas a

A~ 4 oA x

jdzA O1t & | & SEIsiGdéni Bora 0 SR & NBE Kt ASA X budgetaty R 2

NBAGNROGA2YAXE
Kris goes on and finds furthergoort for his choice of smaller windows, such as the room layout,
maintenance and safety and security, showing how the intento design smaller windows

which are ado supportive of occupant thenal comfot was shaped by several factors outside of
architSOGtaQ AyiuSyidizyao
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(Kris@DDH)Y XL YSIy L ¢ 2 dz tRe studed &dis tehawdzsay gliRlazE  F 2 NJ
windows, it lookggreat, but generally, it never wked cong&lering the furniture layouts

anyways, e yeah | mean we always have the same windowsravive actually place the
GAYR26a& AY NBf | KB2 FaAy MO dNSI oS KAy RXeiG2 0

(Kris@DDHY X I YR I £ &2 a4l thaindehadce festritiors &odilin nost of the
student residencestudent slould not or are not encouraged to actually opemet
windows all the way because unfortunately students being umiessure, have been
known to throw themselves out of the mdow, and one thing which | supm is a
behaviour thing that studentshemselvesannot open it, so the window opening is very
resiNAOGAGS |yR GKS& OFyQi 02 idu¥ viish ®fpdtece LISy AGZ d
0KSANI @Sai SR Ay arSinéBrzdiof viknBldws ahd BeBaur liskdmething a
that we do time andime again | mean there is very little resis with balcaigery few
student residences in the UK would have balconiegpadknow that students would be
able to go outside, whicls ia shame in many instances besawou kow an outward
terrace is a niething toK I @S ® ¢

In case of Hannah, allowing ventilatidwough the windows is an

important aspect stipulated by the clignjust as allowing
sufficient daylight into the rooms. Hawer, finding a solution that
coud impedelittering through the windowshas primay for the

client. The architect responds to pletra of requirements by
adding fixed louvers on the openable paftthe windows(Figure .

72).

(Hannah@Mid h X G KSNB 4 ad dudénts A8

throwing rubbish otiof the windows, and they (Universityjl':oig\‘j;fs ﬁH Facade with fixe

wanted a system that couldaturally ventilate the room,
maximize daylight but stopktSY GKNR gAYy I (GKAy3Ia 2dzi 2y GKS GAYF
louvered windows.."

While natural ventilabn is indeed reported to be ansideredby the design of the louvered

windows, projected air qudli afforded by the solution is not mentioned during th&erview.

Finally, just in case of the other two architeptesented abog, environmentally relevant

behavioural expectations, othre than prevention of littering, are not mentioned to be

incorporatedinto the final design provided by Hannah.
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In conclusio, architects focus heavily on window design which is ebgaeto fulfil occupants
visual comfort ned for view and natural lightand is geerally accepted to lead to higher natural
light use and educed artificial light use. The winds are also intend# to protect occupants
from glare discomfort while offeringnjoyable views to occupants. Besides @up for visual
comfort of view, suffiagent daylight and lack of glare discomfort, windows arelffer intended to
comply with occupantomfort needs foifresh air by naturally ventilating the rooms, and thermal
comfort by mitigating solar gains. Suppagithese later occupant needsy contrast with the
support of daylight visual comfort or glaresdomfort, are not envisaged by archite to enable
or promote any sustainable behaviours. It must further be hgitied that beyond the above
mentioned intentions to support sustainabléght usebehaviour by window design, architects
may also aim to pneent occupant littering behaviours vigindow design featres. Additionally,
the same design solution that preventitering through the window is also fountb be
supportive of safety ah securityby preventing occupant from falling or jumping througteth
window. While this later solution ay be considered asupportive of environmentally
sustainable waste managemernh order to achieve it, architects mapdwingly compromise on
occuparn comfort need for natural light and air qualitfigure73. captures the occupant needs
architects intend to support via design of the windows and thevironmentally sustainable

occupant behsiours they plan to summon.
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Windows * Glare Natural light use
+ size
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sUCCIEDICCRIN | S — - — Reduced littering
+ room layout 1
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\
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Figure73. Supporting natural light use and reducecelithg.

+ coloured shading
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6.3.8.ustainabldight-systems use

Control and comfort
Architect interviews providerich data on design approaches to artificiaghli systems

incorporated in sustainable student accommodais and on how the implemented solutionsea
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expected to support occupameeds orto enable moderate energy use behavisuThe studied
buildings irorporate low energy lighting systems controlleg manual or automatic controls, or
a combination of bothWhile rooms are equipped with manual oriight controls, bathroom

pods kitchens dining areas and communal areas hamty automatic or dual lightontrols.

The design choice of light contraks governed by the publigrivate divide of the spaces ariyy
the specific activities the private andommunal areas accommodate. Mie archiects find
manual controls to be moreugtable and comfortable foprivate quarters, automatic controls are

deemedmore appropriate and comfortable for communal areas.

(Hant KXal 0 aX a2 Ay O2Y Yonsfic domtiBid ok wallks6 NB (G KS | dz
terYa 2F FyeiUiKAYy3d Y@BXYydry I iINE ahlROGparsoralbiedss | TAy SXX
GKSe R2y Qi 0 geilyond s this) they sitSadittledwhile on the desk a
then they have to do this (gesticulatesl O G A @ 1S t Lewthéy y@fKadiygua 0 X ¢ K
know you have to wait tithe lights come back onaridii Qa y2 i KAy 3 g2NES Xb

By placing herself in thposition of the occupants, Hannah projects the spealated activities

and behaviours and makes uitive assessments of how ogrant comfat would be affected by

the provided Ight control. She concludesdt in private areas, occupants might have reefic

movement that can cause the movement sensontrolled Ights to turn off on them and

subsequentlycreate discomfort, hence thprovisionof manual controls over automatic coois.

On the other hand, theautomatic light controls are considered suitalitethe communal areas

since occupants are in a constant vement, thus avoiding the discomfort ogtits that might

turn off unexpectedly. herefore, the comfort of endisers appars to play a vital part ithe

design decisions concerning the light sysseim sustainable student residences. Although Hannah

projeds occupant behaviours in the designed spanvironmentally relevant ccupantbuilding

interactions are missing from heecount.

Apart from progcting occupant comfort and occupant behaviogerformed in the spaces in

discussion, Hannah considers thaergy efficiency implications of lighbmtrols based on the

BREEAM muirements
61 FyylrKXal 0b X (K ubtinQhie BREEAE reqiirdzraskt saiird dertai
areas youshouldseeset W bBIi I Ay GelLlSa 2F O2y iNRfeny SOl dzasS AGQ
so we end up with this situation weesgoing as energy efficienand practOl £ A G & X ¢

I 2YTF2 NI | f & 2 redowdtsI6f lightcontkoifn thé bidhtéxtof the bathroom pods. In his

view, remaining in motion was the only way to maintain occupeminfort in spaces equipped
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with automatic light controls. Conversely, ven occupats engage in an activity that does not

require constant movementheir comfort might be thwarted by the automatiight system.

(Kris@DDH) "(automatic lights are useful)lasg as you remain fully in motion, cause
th- 6 Qa GKS gghkhuiny BKRZ8 @ KSee HzXh
Apart of acknowledginthe potential discomfort sesor controlled light systems may cause, Kris
alo highlights the type of occupant comfort the light systelesign may support. By providing
automaticcontrol over the lights in tk kitchensand dining areas, the residents arerpeived to
be freed up fromthe strain of having to remember to turn off thiights when the space is

vacated.

OYNR &X551 0 aug RIR in k& itchéhRreds ... becausieeepften you know one
walksin the kithen to wash something and then on yaway out the door closes bt
@2dz YR @2dzQ@S T2 NAERaAIN S§/2 di 2R ANy SASFY  (yK2S(
gobackaR dzaS G(KS 1AGOKSYy F3AFAYX a

On the other had, Kris also emphasises thatthough he automatic control might promote

sushinable light use patternsnot having control over the lights can equallgadl to the

discomfort of the space users.

(Kris@DDH) "This where the automatic turning off, the rion activated switching
devieshasitR2 6y AA RSXUKS of NRf #ZKS K aHKANG®EG2 (
Kris recomts further details how the lack of control ovéhe brightness of the space can

undermine occupant comfort

OYNRAX551 0 aX (KSadoing i a itk loknge/aa, adRiNE St A K

extremely bright and studentsave absolutely no controlver that, and then it becomes a

sortofspace WS NE 2y S3 adleéx ¢Stf e2dy 2K >XEAGQa
In contrast, providing occupantsgith granular control over ta lights ly switches and dimmers is
perceived bythe architect as a way of eating betteréatmospheres, which can be intengted as
better supporting occupants comfort, with the atidnal benefit of saving electricity by dadng

artificial light use.

(Kris@DDH)... whereas to say having switchesdamses of dimmers can credtee right
atmosphere for students to adopt th®s LJ- NI A Odzf I NJ 2F &LJ OSax
the bonws of actually not using that much energythe lights."
In the contextof contrds and diversity of the light systemisris also reveals how prowud) task
lighting besides ambient lighting, cauénable residents to use task lighting over the main ght

and hence could facilitate more sustabialight use behaviours.

201



(Kis@DDH) . a task type solution which say gealty try to just minimize t light at
0KS RSal AGaStF Xb
Furthermore, besids providing a higher degree of control and more optionsrdtie lights, Kris
also emphasises the portance of providing aesthetally appealing lights. Nevertheless, the
aestheic quality the architect redrs to remains unrealized in the design of thght system of the

studied accommodation.

(Kris@DDH) "I i1 = € SGQa al &3 a2 YiSnork knggihati@e® deth 6S R2Yy S
usage of atff, of dimmers, a more interesting lkiag lights, rather than sathe utilitarian
type of lights that you often& S X ¢
5SaLIAGS YNRAQ RSOl Af SR lighysi@nNsthat sypRokt ycaupahtyheells2 4 (12 RS a
and enable reduced energy ugmtterns,the actual solutions built into the aommmodation are
far more simfistic in consideration of occupant comfort. Hmsasoning for applying simplistic

solutions suggests clienequirements to be at the core.

(Kris@DB)a L R2y Qi ( KAihad bedly @ dzIKt (SF FRNBSY G A GK fAIKIDG

dza dzl f £ @ X A &t &r&as Rh¢r8 clienfE tryltokntiike Edstisavirgsl so all that we

ended up doing unfortunately is that veid a check boxing type of exercise, wethe

light levels at certairtux, giveit to a lighting engineer, they saydHight in the ceiling is

stFFAOASY (X A0Qa GKSI{OKSI{LISANB B2 NB\ S2dza (& 21000z AR Ry
Finally, in case ofr&nk, providing low energy lighting is tlealy communicated intentionirhked

to the artificial light environment of thaccommodation.
(Frank@CCWd bl yR 2F O2dzNB S @ 20dxyaS | Hh2 (g St2A X éSY SNHE A -

The specific resident needs the efficidighting meant to support or the sustainkgblight use

behaviour the deigined soltion could enable and encourage is not revealed by Frank.
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Aesthetics
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Ny Control
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oA X

This sed 2y KAIKEAIKGE | NOKA G SOintageated Tig Gdgtainabky € A IK i

Figure74. Moderating light use.

accommodations. Generally, theyre driven to integrate low energy lights comply wth the

sustainab¢ characte of the accommodation. While doing so they consider occupants faom
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comfort and control needs perspective andént to make the light controls comfortable to
occupants. Cmupant sensor lights are known by archieto increag comfort by redging the
cognitive effort of occupants for remembering to turn off lights whéhe space is vacated.
However, architects alsseem to be aware of the potential detrimental impact fullytomated
light systems may have on ocaugs. It hasalso been revealdthat sone architects have a deep
understanding of occupant light use andwvhoo design light systems that may be more
comfortable but may also lead to lower artificial light use. Hwar, this knowledge is not always
put in practice dueto project constaints impesed by clients, also highlighting the limits of
architect agency.ifally, while architects consider how the lightstem impact occupant comfort
and control needs and theartificial light use behaviours they do neeveal assoiating occupant
needs diretly with moderate light use behaviours. The light system desigtufes, the known to
be impacted occupant needmnd the sustainable behavioural outcomes are captured-igyre
74.

6.3.9Sugainable heating and versiiion
The heating and ventilation of the sustainable accommodations has a significanis in
F NOKAGSOGQa u3d Geyidh lfeatures SraddmbmedNdiréspond to the needsitafe

occupants.

Thermal Comfort
Architects acknowledge the challemgj natureof creating an ideal thermal environment that can
YIG§OK SOSNE eadid dzieltoyariation indriditidluaccupant needs and potentially
ensuing interactions withhie building.
OCNI Y1 X/ /0 d&hnKssuk in @ auilding etadssS Q@ Se & t W dzy RX 6 S
finished this building recently and you know you have higsoffice building with 2000
sgmsowi K | f 20 2F LIS2L) SXaz2 R emifgSWNeyfhey atdS 2 LI
in the building andyou know some people want th&indow ope&ed some people
R2Yy Qi Xa2 AGQa RAFTFAOMAZ GXXKDR XIEf 61 284 RATFTFA
Neverheless, despite its chaliging nature, they do intend to ensure satisfactory temperas in
student rooms and thus to suppotihermal comfort, in various ays.For gart, thermal comfort
O2yaARSNI GA2y A | LIISI NI 2 Ke alfaNd&fikshapptotoh an@ didcidse y R |
implications of using crodaminated timber (CLT) asain structure of the building, includingif
walls, floors, staircasesrceven theroof. The architect seems informed about the thermal
characteristics of thgproposed material and it potential infipation on the thermal environment

of the accommodation biag designed.
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GCNI Yy %X/ / 0 a&btfintthe Rofl we&thizg soii IFS Fiadeytr@tiability (like
concrete) to absorb it (the heat) and cool it (@ @2 YY 2RI GA 2y 0 XA{(§ 2dzad NBG!
Y2NBE KSIF GX¢

l RRAGAZ2YFEf @3 (KS ithmbDdadinessQaiensire Be2roéom wibtdwihdath 2 y &

during the summeralso suggsts the significance of measures taken by architects to avoid the

overheatng of the structure and therefore preméthermal discomfort.
GCNI Yy %X/ /0 axaz2z exdSsigieyibwith thekehgineeds il yhenss
actually a projection thiain really really hot weather, in the middle of the summer, the
roomswillnotoverhe i RdzNAYy 3 GKS &adzY YSNX &

The realisationthat, despite the overheating character of the chosen tanistructure the

overheating of the roomsis minimized due to occupancyatterns pecific to student

accommodations also adds to the considerations of theroatfort of future occupants.
(Frank@CC aXlFyR ¢S alAR S R2 (GAYO0SNKbthsSOF dza S R dzN.
200dzLIr yia oAt the il not$eel khéMReIONIda dzNIRX

Besides considering the main construction material Frank also mentionsidesing the

insulation, glazing to wharatio, and the orientation of the building during the sign of the

accommodation.

O CNJ y 1 X/ /were looKimgSat high insulatn values,really good performing
GAYR26a&3 AyadzZ I GA2Yy @ t dzSoi glazing foil Kofd wlR 2 F X y R G
constructig/ = O YRUO (KS 2 NR Sy (i ishapea yilding facing o6th sodzA f RAy 33 |
the very much, theast majority of the rooms gay daylidit sunlight | should say during
GKS RI &X¢

Supporting thermal comfort is alsmtended and manifested through the dign of windows.

Here the core or the issue is concernedtiwbalancing the amount of natural lightsroom

receives against theotar heatgains which may overheat the room and cause thermal discomfort

to occupants,as presented in more detail in sectiai6.3.7 Natural light use and reduced

litteringe @

Catrol over the thermal envirament and ase of use
Architects project occupant needs to conitrtheir thermal envirmment. Their response is to

provision ontrol systems which serve easy of use via their projettedlity.

(Hannah@Mi & X A (i Q a c, thedzaliihSve théirdown thenostats a their own little
NI RAFG2NBR 2N KSIFGSNE RXBAXI alkk $&83 AlyK & OG v SaNBiG oA
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However based on data gathered on site visits observations, itaitecases, the operain of the
accommodtion seems to overwrite thimtended design solution and substitute it with a solution

that removes occupant conti over the radiators by supplying ratied heating at given times of

the day. Hence, the architdicd Q A y i Sy (i & Pofupantsi ontrid ke é Eermal
environmentwith easyll 2 dzaS O2y iNRBfa Yl & 06S KAYRSNBR

agency

Beyond the brief mention of heatingpntrols provided to occupants, architects do not recouht o

any specific sustainddheating practie they intend to promote in sstainableaccommodations.

Comfort and control of indoor air quality
The interviews alsreveal that architects are likely aveaof some air quality challenges occupants
of sustainableaccommodations may be dad with. This prmpts them to integrate design
solutionsthat may improve on this aspect. In the citation bellow the architect dagspecifically
mention air quality cof 2 NIi 2 F 200dzLJ yiz K246SOSN}I AIKIS ORyY
consideredas an expression foto the intention to cater fo good peceived air quality.
Furthermore, his projection of occupant lifestyle highlis their consideration of occupants
during design.
OYNRAX551 0 G2S | &2rHeingdBughtint iheoBidol sotir T NB 2
is not so stale, the ainithe stu®y i | OO02YY2RI GA2ya AG OFy 3
student with theirind@d Sy 0S&4 FNRY YI&o6S GKS yA3IKG oST¥F
In order to ensure good ventilation in occupant rooms andhi@ accommodation in geeral,
architectsintegrate passive ventilatiodevices irthe sustainable accommodation$o ensure the
chosen solution does not dimish the aesthetic quality and attragéness of the building facade,
architects selecting trickleents that can be sunér applied onto widow frames without having
to create addtional openings on the facade.
OYNR&AX551 0 aXAy (KS RRSRyAAEY @ F (A (2 pdlaa§ Si K|
little holes in it there, which were say a littlateact from each individal rooms, so we
were careful with the detailingso we jgt put a little slot in the window so you would
YSOSNI NBIffaNIY&EE A Dagk dd ¥ t &4 dll do tascoripyoRise G 2
fSiQa alée (K$SRIVESNNANI FBHEGKS 0 dzA
CAYyLlffesx | &31Nstba kytise Bnd kegluced litterifighermal comfortand good
air quality natural ventilation is also ensured by architects via tise of full height windows or

via fixed lavers, the later serving therpmary clent aim toprevent occupants from littering.

205



In conclusion, the study findthat supporting the thermal comfortrad the comfort of good

7oA =

perceived air quality is a fundamént F AY Ay | NOKA G S QreddesignOaz y a A RS NI (0 A :

sustainable aaammodatiors. Despite the challenges associated with sutipg these occupant
needs deign professionals persevere and emplayplethora of design features ranging from
orientation andbuilding materials, to window design, stiag devices or heating and ntlation
control systems to name but a few. However, lghdiscussing efforts to cremtaccommodations
with appropriate themal environments doubled by good air quality, architectisles recount of
desirable sustainable ocpant heating and ventilation g@tterns. Alditionally, in certain cases the
delivered degns may beadjustedto the need ¢ the accommodation providergfter the
completion of the accommodations, marking th¢ R ta 2F | NOKAGSOGaQ
supporting core occupant needgrigure 75. captures the discussed design features and the

considered ocupant needs.
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Figure75. Sustainable heating and ventilation.

6.3.10. Sust@nable waste management and recycling

Waste management fddies are design element that are revedl®y interviews as not of high

focus onthe agenda of participating architects. For instance, the design of the waste receptacles

falls entirely outside tleir view. They do report however marking the location of thins inside
the accommodations and maldngeneral provisions for wastmanagemen In this activity they

focus on complying with BREEAM requirements in terms of distances lofchtions.

F3Syoe

(Fral ¥/ /0 G621 4GS YIyl3SYSyd A dobtheXpmd and A Q&8 Ay dS

AlGQa I dzd (in$K SLINBLY AG/SSYGIK SA 0 A y & ¢
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(HannK X al 0 hazZf SiIAYF St & ¢S R23X odzi F3AFAYX Aa
in regards to what you sh6uR LINE @A R Saxtly whiat th& BREEAM says, what it

NE Ij dzA NE & & Kd¥ X 2 2K [HIEKSNE I NI catRiK NINS YBNX B B SRS
kitchen and a hge waste caddy and then the main bins have to be within so many meters
2F GKS T NP ¢fiilly tRea2ilNidX 3 R NE2 [JdzZA 6 S 3I22R Ay GKI

Occupant need considetians or behaviours are not discussed byher of the participating
architect whie discussing about waste management provisions, hence their intentions may be

captured by therivial box below.

Waste mgmt.
facilities

+location
+distances

Figure76. Sustainable waste management and recycling.
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6.4.Conclusiorg extraction of Architect FNB table

Theanaga A a 2 F | NOKA ( S Oiificdnt gapyinilienidra Shdrswes & feearchl & A 3

question by revealing numerous ways architects intend to support sustainable adcupa
behaviours via th design of sustainable accommodations. The identified Gatsons architects
make between design &ures and support of occupanteeds andsustainable behaviour is
conveniently captured in thérchitect FNB Map (sdeigure77.) which may also be regarded as
the dconceptual model (Norman, 2002prchitects hae about sustainable accomndations and

the sstainable use of those accommodations. The findings overall propose that intending to
support sustainable occupant behaviours and occupant needs may be common imablgtai
accommodation design, highlightinghstherto unexploredyet signifcant professiond focus on

the topic.

While the architect interviews show that it is a common architectural intention to support
occupant needs or sustainable behaviours by dessgnultaneously associating design featsire
with occupant needs and withustainable behavburs is hot omnipresent. The themes presented

in the Result section show that there are cases when design features are meant to support a
plethora of occupant needwithout any consideration to sustainablecapant behaviour, and
there arealso casesvhen design features are meant to support specific sustainable behaviours
without any consideration to occupant needs. Interpreting this finding in the theoretical Featur
NeedBehaviour framework suggests thdgiifying what are the missing déds relatel to the
intended Behaviours, and what are the sustainable Behaviours that may be facilitated by
supported occupant Needs, may be a significant step towards improving vioemnal
sustainability of sustainable aaoonodation design. Hence the styddentifies a likely significant
improvement point in the architecture of sustainable accommodations, in line with the major aim

of this Thesis.

Additionally, the analysis of the terviews reveals that when architects ime to support
occupant needs andustainabé occyant behaviours, they often negotiate the final design
solution against multiple and often competing intentions. They may negotiate the support of one
occupant needwhile intentionally compromising on the gport of another occupant needas
exemplifed bythe case of imposing Pily light controls which are meant to support occupant
comfort while knowingly diminish control, where the decision is informed by theeep more
sustainable behaviour patterihile this is thought by archités to be onducive of sustainable

use, in the context of FNB framework (which suggests all significant occupant needs should be

supported by design in order for sustainable use ®rhore prevalent) it can be argued that
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finding design solutions that dooh sacrifie@ support of any specific needs may be a further path

for improving sustainability of sustainable accommodations.

CdzNI KSNX¥Y2NB3s §(KS NBadzZ G aignldecsians @dy Ibi2 als6 shapkd by |
other forces than solely their intergins to supprt occupant needs and behaviours. While some

of the forces may be inherent to the architect itself, others are outside their agency. The results
aK2¢ GKI G [ligidddcisians that SupporRdgcupant needad behaviours may be
formed by their own gproac to sustainability and sustainable accommodations, and their
knowledge acquired on occupant behaviours and lifestyles, which can be considered inherent to
the archtect. On the other hand, the results alegp?2 & S G K I G I N3y bSs@yed Q R
- and their need supportive intentions constrained & SEGSNY I f F2NOS&asz 2
immediate agency. Such forces may be the client requirements, pladeipgrtments, BREEAM

assessments or safetind security requirements andkgulations.

All'in all, the study shows that although the FNB framework is not uncommon to architects and
that architects via the design of sustainable accommodations have gooatioris to support a
variety of occupant nedsand sustainable occupant batiours, there isstill considerable room

for improvement to better support occupant needs and behaviours for which the present study
offers ways of thinking. It is also an importam acknowledge based on the findings the final

design choices andtientions d not exist in vacuum but are shaped by forces internal and
SEGSNYyFf G2 FNOKAGSOGad |1 Sy0OS: G(KS addzRe &adA
occupant kehaviours needs to be understood in thentext of those forces and oppartities for
improvement also need to be offered with that in mind, if effective solution for supporting

sustainable occupant behaviour by design is the goal.

While the present chapteprovides a good overview of how architeemploy design features to
support occupant needs and promote sustainable occupant behaviour, the question arises how

I NOKAGSOGAaQ 6Fe 2F | LIWINREFOKAY3A GKS YIFGGSNI ¢
features support their needs and sustainablehsiours. This intriguing topits exploredin the

G/ 2 YLI NI G A @ Synthegis chaptar heteaftery R
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Figure77. Architect FNB Map
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7. Comparative Analysis aSynthes

7.1.Introduction
The aim of thea / 2 Y LI NI G A @SSyhthédistid aG a2 OFRLI NB |yl feai
perceptions of how sustainable acconamations mg support them in behaving sustainably, as
OF LWadzZNBR 08 GKS hOOdzd yid LyGSNWASg { GdzR& I
intentions of supporting sustainableccupant behaviour, as identified from therchitect

Interview Study, and tiisanswer he third research question of the thesis:

How do occupant perceptions compare with architect intentions and what are the good
practices and the opportunities to better feord environmentally sustainable occupant

behaviour by the design of sustaable student accommodations?

The first rationale for the synthesis is to reduce the literature gapmosdide knowledge on how

I NOKAGSOGAaQ AydSyidAa2 g byfideniifying natéhes 2r@ thaznibmatshe Q |
between the two in the contexbf sustairable behaviouraffording sustainable accommodations.

The second rationale for the present study is to identify architectural opportunities for improving

the behaviourakustainability of sustainable accommodations

The overall thesis recognisesits thearetical stance the design embraced concepts of Designed
Affordance and Perceived Affordance which suggest tmmiod desigré happens when the
oadesigner mental modéloverlaps with theduser mental model on the sane ésystem imagé
(Norman, 2002) Translating that into the context of the present studgood desigh becomes
sustainable useonducive desigrof sustainablestudent acommodations. Furthermore, itsi
suggested that sustainable behavioursymiae more likely in the sustainadlaccommodtions
GKSY I NOKAGSOGaQ AyliSydiazya INB aedyOKNRBYyAI SR
buildings #&ord sustaindle behaviars, presupposing that the sushable use is also the
intended use. Herg the present study focuses ondhoverlapsand gaps between occupant and
architect perspectives regarding the sustainable behaviour affordance of sustinabl
accommodatims, and bmgs evidence based on primarynpirical data on how those overlaps

and ggsmay eventually sway the sustaibility ofoccupant behaviours and building interactions.

The consecutive sections will present the Methodology of@oen@rative analys andsynthesis,
followed by the result®f the comparative analysis organized andienvironmentally significant

ocaipant behaiours. Finally, the section will end with concluding remarks.
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7.2.Methodology
Given the present study aims to coast occupant® LJS NOAS LAAAIK | NOKDaE OGaQ Ay id Sy
captured in the previously presenteampirical studies in Chapter 4, &d Chaptr 6 respectively

it adoptsComparative Analysis its overarching methodology

7.2.1Data

The study builds on the glitative and quantitative data collected for the aforeemtioned
empirical studies of this Thesidowever, it relies mostly on thdata fromthree out of the four
sites. The rationale behind this is that while the Occupant Interview Study and the Occupant
Survey Studyinclude o© dzLJI Yy (i & Q LIS NIh8 folir dit€sytiie AFEHt@&tYntelvibvi Syl
was built on interviews with tfee of the site architects, the fourth site architect missed the
opportunity to participate in the study. Therefore, whereetcomparativeanalysisis concerned
with the overall ocupant and the overall architect data, Indes all four sites in case of
occupants ad three sites in case of architects. Nevertheless, the parts ofcthmparative
analysighat compare specific peeptions of ocupants ofa specific site with architedhtentions
from the same accommodation, hmake use of data from sitedViH, DDH an€C- where both

occupant and architect data are available.

Theinitial data of the present study is provided the FeatureNeed-Behaviou tables developed
from the Ocapant Interview StudyFigure34.) on one side and\rchitectinterview Study(Figure
77) on the other The FeaturdNeedBehaviour tables are identified as tading point, since
these entties have identicastructure anddata orgnisation, allowing a comparisoretween the
occupant and architect perspectives drow sustainable accommodations afford sustainable
occupant behaviours, and permit an easy reviewthaf relationships between degn features,

associted occupanheeds andelated sustainable occupant bewiaurs.

In addition to the FNB tables, the present study uses as dataset the results of the interview based
empiricalchapters included in this thes{Chapter 4 and Chapt6y). Tre results of thesempirical
chapers provde an indepth qualitative refleton on eah element of the FNB tables, and its
relationships with other elements, hence allowing a more nuanced understanding on the FNB

associatios from the perspective of occapts and from the prspective ofarchitecs.

Furthermore, the collected quditative data and parts of the results of the Occupant Survey
Study (Chapter 5) are alsocluded in this chapter. On one side, the results of theupant
Survey Study indicate wehe the relationstps between speific Fetures, Needs and Behaviours

are shtistically significant, marking their importance for the present study. On the other side, the
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quantitative data can be grouped by location, reveglithe design of which locatioperforms
better orworse, alsodeding pats of the comparative analysish& use othe quantitative data is

described in a following section.

Finally, the photographic images gathered during site visits and provided bpas are also

used and inclued in the writeup, with the intention to visualize discussed design element
7.2.2Compardive analysis

7.2.2.1. Selecting the behaviours of interest

The present studycontinues from where the occupant and architect investigations I€ft afid
compares occupant percéipns and architect intentionst commenes the comparison by first
juxtapaosing the @cupant FNB maf-igure34.) with the Architect FNB maff-igure77.). Sirce the
thesis assumes the theetical stance proposed by Perceived (andsbned) Affordances
according towhich intended, in this case sustainable behaviours, are more likely to occenwh
occupant perceptions are matched by architect intentions, the Isgsis primarily focuses on how
occupant perceptions in the Occupant FNBaprare mdched/or mismatched by ahitect
intentions. Hence, the Occupant FNB map is considered the referencieatimg data to which
Architect FNB map is compared. The overlaps iaterpreted as suggesting pmitially good
practices, while the gaps apportunities for improvement, tis way cotributing to the principal

aim of the thesis.

In order to work with a strong data sethe present chapter focuses o those areas of the
Occupant FNB table thawere tested in the quantitative analysis present@dChapte 5. These
areascover the environmentally sigricant occipant behavours most frequently metioned in
the occupant interviews light use in rooms and communal spacesof the flats, heating and
ventilation, and waste managemerntence, thesectionsof the Occupant FNB tde driving the
Comprative Analysis an&ynthesisare supported by strong, qualitative ral quantitative data,

further increasing the credibility and validity ofettiindings.

Additionally, asection is included to discuise areas of theArchitect FNB tablenmentionedby
occupants.While in this sectionbasedon the available dta, only guesss canbe madeon the
reasons whyarchitect intentionsvent unmentionedby occupats, it isimportant to discuss those

gapsas they may represemhisnatchedaffordances.

7.2.2.2. The andysis process
First, sections of the Occapt FNB tables pertinent to one spific enwronmentally relevant

occupant behaviour and the associated occupant nesutd design features are separated. The
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corresponding sections dlie Architect FNBables are o subsequently highlighted. These sub
sections of the Occupant FNB tablasd the Achitect FNB tables are then compared with each
other allowing the instantdentification of elements that overlap or mismatch. For instarnbte
Occupant FNB ap sectionpertinent to an occupant behaviour of imest may look as the one in

Figure78. while the section from the Architect FNB map may be similaFigure80. Thetwo

sections placed togethemstanty 8 K2 ¢ | 3J22R 2 JSNIIGIWSEKE ndddSSR  wmé

Feature 1 Sust. Behaviour A

Feature 2

Sust. Behaviour A

Figure78. Potential section of Occupant FNB table.

Unsust. behaviour B

discrepancies ooccupantt b SSR né GgKAOK A& YAaaiay3a FTNRBY GKS |
GbSSR o0é¢ G(KIFG A& 2yte LINBASY foasyexpectidsistainad®id Chb .

behavious.

Furthermore, it is wellisible that Architects employ design C S | i dzN#2 LI&EanableS |

. SKI A 208t S hOOdzLd yi Cb. {lofSa INB 206fAJA2dza
graspingfrom a higher level the similaritieand diferences between occupant perceptis of

how sustainable buildingsupport susainable behaviars and architectural practices to support

the same sustainable behaviour.

The areas missing from the Architect FNBKtd OF &S @& b S S& byntliethesis &85 O2y a A R
key opportunities for improving sustainable architecturd¢o better support behaviaral

sustainability of sustainable accommodations, while the overlaps between the two table sections

may represent good prdices that might worth populdzing insustainable architectural pracgs

to better support sustainabledhavioursby design.
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Additionally, theComparative Analysis arlnthesis looks at the overlapping components of the
G2 GFofSa asCi2wé I yaRizOKb S SiRousHesEnpl€, Nughya miprs S L.
critical eye ad analyses their overlaps qualiiaely. Thé is done tasseshiow well the needsnd
behaviours expressed by occupants are indeed conceptualized and projected similarly by
architects In this step, the analysis visits the results of the earlier epirical chapters of this
thesis, which povide nuances to what peseived, and aimedo-be-supported needsand

behaviours are.

While investigating the gaps and overlaps of the FNB tabldsttze nuances of perceived and
intendedto be supported Needs, thguantitative data is also woven into th@nalysisand its use

Senesvariouspurposes.

Firstly, it is used to assess how significlmmtthe overall thesisthe gaps and overlaps between
the occupant and architect FNBbies, mg& be. Cases where an occmpaneed in a statistically
significant elationshp with a sustaiable occupant behaviour is found to be legsll or un
matched by architectural intentionssignal strong opportunities foimprovement. Conversely,
when the sameNeed is found to be intendkto be supported by the architects, thresearche
marked the suport of the Need as a significant positive practice that may deserve

recommendation in architectural practices concernethvaustainable accommodations.

Secondlythe quantitative data als@nables extraction of descriptive statical meaures on the

perceived support of occupant needs and/or sustainability of a related behaviour.

Thirdly, the quantitative data is used tesess how occupant perceptioos behavours differ by
location, slowcasing the extent to which a specifidement orfeature integrated in a specific
accommodation designed by a specific architect may be sumgodi the needs or sustainable
behaviours 6 occupants residing in the samaccommadations. Where significandifferences
between locations are idenfied, the underlying desigrsolutions are discussed as potentially
good practices or as opportunities famprovements in the designs of future sustable
accommodationsThis later way d analysing the quantitater data is specific to the present
chapta and not only reinterprets but alsccomplements the quantitative results described in

Chapter 5.
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7.3.Resuis

7.3.1Light use in the rooms
The present sdon discusseghe results reléed to daytime artificial light usein the student
rooms It iterates oneby-one overthe occupant expressed needs that may relate to sustainability
of light use behaviours and comses on how occupant perceptions match arett intentions on

the supportof eachoccupant need.

Windows Visual Privacy Natural light use
+ Staggered design
+ Wall colour
+ Floor level
+ Furniture
+ Blinds

Comfort Blind use
Daylight
Glare

T Solar gains Artificial light use

Comfort:
View
Brightness
Windows
+ size
+ orientation
+ fixed louvers
+ room layout
+ furnishing
+ full-height
+ recess
+ blinds
+ coloured shading

comfort
panels

Air quality

\
Aesthetics

Figue 82. Architect FNB- Light use in rooms
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7.3.1.1. Visual comfort of daylight

Juxtaposing the occupant perceptions based FNB niagure81. - and the architect interibns

based FNB mapFigue 82. - shows a god overlgp between architectural intentions to support
322R RIefA3IKEG tS@Sta GAl& @gAYyR2g RSaAiAday | yR
sustainabiliy of occupant behavir since perceived visual cdort of daylight was found to
significantly corelate withdaytime artificial light useThe more residentperceive their rooms as
naturally wellit, the less artificial light use they reporfigure38.). Promisingly, more thai#5%

of occupants perceive their rooms asiturally well lit (Table27. Perceived brightness of the
room.) suggesting that overall architectural intentmay fit well occupant percéipns setting

the stage for sustainable liglhisepatterns.

Table27. Perceived brightness of the room.

N % Cumulative %
Q3 5 Strongly agree 84 37.84% 3784%
On a typical day my roor agree 69 31.08% 68.92%
is bright. Neither agree nor disagree 17 7.66% 76.58%
Disagree 39 17.57% 94.14%
Strongly disagree 13 5.86% 100.00%
Total 222 100%

However, the architectural intentions for supporting good y
daylight levels are not always wéiknslated into the final G

design In one case, the natural brightness of theoams,

although ®nsidered at the design phase, is intentional
compromisedby adding fixed louvers (seeigure83.) to fulfil

competing client requirementsof prevening littering through

the window (pg. 195). Neverthelessthe same architect reports|
investing effort in optimizing the louvexgenerated poor daylight ‘_ ;
levels in student rooms by futnire arrangement. Placing the = e
desk rext to the window is thought to improvethe light

conditons in the rooms{g 195. However, the optimization

Figure 83. Lauvers on roo
windows

seems to yieldnodestresaults giventhat occupants of the same
accomnodation report in the interviews hang low light levels in their rooms andeliance m

artificial light during the daypg. 94, 98). This may explain why the accommodation has the
hidaKSad LISNOSy(l 3 STame?s. Dhydidaartitiaf ight Ise reaspningsz ¢ K2 dz

artificial light due to insufficiently perceived daylight levels, and with 6.9 hourgdag, has the
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highest average artifial light use duration when compared the othea accommodak 2 yTable a

29. Daytime light use duratiagn ®

Table28. Daytime atrtiftial light use reasoning

Q9: What wald be the reasons for you to use thghts in yar room during MH DDH PPQ CC

the day?
Total repondents

It is a bit dark in my roomiuring the day, even with the blinds/curtains oper 32

%

Table29. Daytime light use duration

Descriptives

Q7. Daytime MH
light use in DDH
hours PPQ
CcC
Total

In contrast,DDH architects, despite clieabnstaints to minimize
window size for costeduction (Figure84) , found the way to
2 O OlizLdkey. (i thér sdRutiod fish t8

well-a dzLJLJ2 NJi

impose well select® minimum daylight level as bottotimes fg.

194) and resist

compromise light levels. Additionally, the practice uses bri
interior cdours to maximize perception of brightness in tfo®m
and a staggered design tedue shading from adjacent buildin

blocks as also noticed by occupanpg).(95). This may explain

N Mean
(hours)
69 6.94
46 | 4.93
81 591
26  6.23
222  6.06

reducing wimivs to sies that would

Std. Dev.

4.07245
3.85517
4.16292
4.37546
4.13351

Std.
Error

49027

.56841
46255
.85810
27742

69

46%
95% Conflence
Interval for Mean
Lower Upper
Bound Bound
5.9637 7.9203
3.7899 6.0796
4,9931 6.8341
4.4635 7.9981
5.5208 6.6143

46
16
35%

Min.

.00
.00
.00
.00
.00

81 26
30 9
37%  35%

Max.

14.00
1400
14.00
14.00
14.00

why occupant interviews describe the rosmwith daylight Figure84. DDH room windows

perceived suitable for workp@. 94), why it has the best peedS R
Perceived brightnesi®r worké 0KAa

use duration ,4.9 hoursfall studS R

The above two contrasting cases may suggest that the teathintention is key to obtaining

buildings that support occupamteeds and sustainable occupant behawioHowever the case of

YR gKe

o N 3 K (i TaBlesa
F 002 Y Y 2eRdyiinte Hoyft

& Talile®% Dagitime light use duratioh | 6 f S é @

KIa GKS

CC nuances thonclusia. The architect at CC aimed to provide good visual daylight in the rooms

by fulkheight windows (pgl93 Figure85.), however the datahows that occupants grceive the
i K I HableBY/ PefddivadSorightiessf Worké ol y R

roomsas far l& a

o NA IK
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use the daylight an hour 2 NE 2y | @S NI Fable2d. hyyime Aigfit use Sratian
This case suggests that the design intention to support relevant occupant needs may have to be
paired with the wellchosen dsign features to Bable occupants t@erceive their rooms as bright
and supprt more sustainable use of artificial lights. In this eahe culprit may be the width of

the window, which the occupants would like to see increased4gy.

Table30. Perceived brightneger work

Descriptives

Q3 3 N Mean Std. Std. 95% Confidence Min = Max

0 Strongly agree score Dev. Error Interval forMean

1 Agre

2 Nfelther agree nor dis. Lower Upper

3 Disagree . Bound Bound

4 Strongly disagree

On a typical day, | ca MH 69 146  1.208 .145 1.17 1.75 0 4

read a book vWthout DDH 46 1.00 .894 132 .73 1.27 0 4

using any of the lightt PPQ 81 | 1.53 | 1.184 132 1.27 1.79 0 4

in my room. CC 26 185 1255 @ .246 1.34 2.35 0 4
Total 222 1.44 1.166 .078 1.28 1.59 0 4

While the design slutions from the above cases angerceived by oagpants to be need

supportive to various degrees, consideration of floor level in the

show that the higher the floor level, the brighter roonae -
perceived and less artificialght is used Figure40.). Thus, floo
level may be a feature to be considered in exges meant to

ensure good daylight in student rooms.

In conclusion, architectural intentions to supp@ccupant need of rigure 85. Narrow, futheight C
daylight are common and the tools architects employ teach this windows

goal are quite vaed. However, if the intentions are to materializebuildings that are perceived
by occupants as need supportive, the intentions should-pgpiwith well-chosen solutions and
determination to withstand potential pressure to sdfice dglight due to clieh requirements.
Nevertheless, in the studied acoonodations occupants perceived their room as bright overall,
suggesting that architecture may be weti the way to creating good settindgsr sustainable light

use.

Finally the following design recommendainsarise from the study of the accommodations
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1 When only modest size windows are applicalsielect and abide by good minimum daylight
level threshatls;

1 When using futheight windows provide width generous enough to suppayood peceived
daylight lewels;

1 Consider external factors such as shadirgmfradjacent building when designing for good
perceivedaylight levels in the rooms;

9 Use brightnterior surfaces since these might improtee perceived brightness of the space;

1 Use judiabusly design featws such as fixed louvers that might reduce thecpeved daylight
levels in the rooms;

9 Think of floor level when pursuing good natural lightingorevent lower level residents from

percaving their rooms as darker.

7.3.1.2. Glare discmfort

The overlaps in occup# perceptions based FNB table and thy

architectintentionsbased FNB table suggest glare is of significi
concern for architects and is also importafor occupants.
Although the resultof the student survey does not reveal
significant correlation between the glare discomfort and the
daytime artifical light wse (Figure38.), student interviews suggest
that some occupants experience glaiiscomfort in their rooms,
which in tun makes hem more likely to close thblinds and to 7
turn on the lights(pg. 98). The survey study quantifies the 4 o

sl

percentage of students whperceive there is glare in their roomFigure 86. MH closing blacko
blinds to reduce glare

at 42% (Table31. Perceived glare discomfyrnd finds tlat 24%

off all studentsresort to closing the htids due to glaréTable7. Frequency table for Reasons of

closing blinds during the dgyand 54% of those o closethe blindsturn on artificial lighting in

the room (Table8. Frequency tale for Reasons of using lights during the flayence discussing

how glare perception of oc@ants is met by design intentions may still be significant for

supporting sustainable lighise practices by design.

Architect ecaunts reveal considerations of glareistomfort at the window design of the
accommodationshowever theirconsiderations are not always transferred into the final design
azftdziAzya Ay | gl & & Klcasesavhed archifedtsyepoitgly bolloldiyy 64 Q Yy SSR
BREEAM requirements apdovide gare contol through blackout blindsnly (MH Arch pgl96),
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residents of the same accommodati@eem to beclosing the blinds whemffected by glare

during workand sibsequentlyswitching on the light§Sbne@MH pg98).

Table31. Perceived glare discomfort

Q3 _1: On sunny days, there is glare N % Cumulative %

my room.
Strongly agree 21 9.46% 9.46%
Agee 73 32.88% 42.34%
Neither agreenor disagee 49 22.07% 64.41%
Disagree 61 27.48% 91.89%
Strongly disagree 18 8.11% 100.00%
Total 222 100%

are next to the window as a &dzf &G 2F I NOKAF » By LJi
increaselight level at theworkplace. Howewve this ma/ also be |
causing thencreased perception of glare at the desk and startig==1=
the above behaviour chain of closing the blinds and turning
the light (Nadya@VIH pg. 97). In this case th architect dos not

link the solution devised foproviding comfort of reduced glare : :
] ) ) o Figure87. DDH glare control
with the discomfort of reduced brightness or with increaseseatures.

artificial light use behaviours

Conversely, whe architects associate light use lmtiours with glare discofort and ensure
discomfot glare is controllablevithout sacrificing visual comfort of brightness by the application
of a more sophisticated dual syster®H Arch pg. 195), discomfort glare is msng from
occupant internews. While he architet does not specify the témical solution, they clearly
outline the intention to provide occupants a way to control glare without closing off during the

day. Nevertheles, based on photographic data gatkdron site visits and provétl by studets it

'l

'I F;»

mention of working with natural lights without closing the blinCriguress. cc gla control feature

canbe summarised that room witows are equipped with blinds

and that there are external design features such as perforat:

panels before the windows or deep window revediattmay be

preventive of glare(Figure 87.). The interviewed residents of \

DDH lack mentiming glare discomfortwhile there is also
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(Jack@DDIdg. 94), suggesting th@bove design strategyight havereached its goals.

The CC architeciso reports considering light conditions and mentions working with the reveal of
the window and with coloured panels to provide siraglwhich may bealevant for glarecortrol

(CC Arch pgl96, Figure 88.). Nevertheless occupants do not discuss glare, therefore no
conclusion can be made on how sessful the design solution was insning comfortable levels

of perceived are.

However, the mean scores for perceived brightnesthmmrooms are fairly uniform across all sites,
suggesting that above design solutions are perceived to provide sirsilat bf comfort by

occupantgiTable32. Perceivedjlare in rooms

In conclusion, considerations for glare enjaysignificant focus in the architectural agenda while
the variety of design featureemployed to provide a comfortable gmonment seem to yield
similar apprecidon from occupants. This may mean that ateltts have a good approach and
tools for providig glarewise comfortable environments to occupants. Finally, an opportunity for
further improvement is suggested to be tackling by design the less sustainaplgtterns where

occupants close the blind due glare and start using artificial lights.
Desgn recommendations arising are as follows:

1 Provide design features for glare contrbht are not detrimental to perceivedaylight;
1 Consider increased glare ingations ¢ placing work desks next to windewn student

rooms.

Descriptives

Q3 1 N Mean | Sd. Std. 95% Confidence Min. = Max
0 Stronghagree score | Dev. Error Interval for Mean
1 Agree Lower | Upper
2 Neither agree nor dis. Baund | Bound
3 Disagree
4 Strongly disagree
MH 69 1.91 1.222 147 1.62 221 O 4
On sunny days, DDH 46 1.91 .962 142 1.63 220 O 3
there isglare in PPQ 81 195 1172 130 1.69 221 O 4
my room. CcC 26 1.85 1.190 .233 1.37 233 O 4
Taal 222 1.92 1.143 .077 1.77 207 O 4

Table 32. Perceivedlare in rooms descriptives

7.3.1.3. Thermal comfort
Thi section discusses findings on thermal comfort related to solar heat gains in stodens
since it may impact blind usend daytime light use. Both, the occupigpercepion based FNB and
the architect dah based FNB include this aspect of thermal fowim Sinceonly 10% of occupants
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mention closing blinds due to overheating from the giog. 145) it may be that the studied
accommodtions provide good thermal comfd even on suny days. Nevertheless, a significant
correlation ketween thermal comfort and blind use indicates that there might still be a dabbe

pattern among occupants of clogjrilinds due to solar overheatingigure38.).

In DDH for instnce,modest size windows although designed wit the primary aim to comply
with client dictated financial constraintsare posited by the architect aimiters of heat gain
(DDHArchpg. 197). Furthermoe, dual systems for manipulating direct sunshimiéhout closing
off during the dayare also meant, among other goal® provide shading from the subDDHArch
pg. 195 and therefore can be considered supportive of thetroamfort. While in the interviews,
occupants ofDDH do not reveal any issues with overheating, overall, based osutivey they
perceive their rooms asnost prone to overhedhg from the sunas compard to other
accommodations (Mean score:1.9Iable33. Perceived overheating from the sumwith 43%of

occupants finding their room ovieeas due to the solar gains.

Table33. Perceived overheating from the sun

Descriptives

Q32 N Mean Std. Std. 95%Confidence Min | Max
0 Strongly agree scores  Dev Error Interval for Mean
1 Agree Lower Upper
2 Neither agree nor dis. Bound Bourd
3 Disagree
4 Strongly dsgree
MH 69 2.13 1.136 .137 1.86 2.40 0 4
On sunny days, the = DDH 46 1.91 1.092 .161 1.59 2.24 0 4
sun overheats my PPQ 80 1.99 1.258 .141 1.71 2.27 0 4
room. aC 26 231 1.011 .198 1.90 2.72 0 4
Total 221 2.05 1.159 .078 1.90 2.21 0 4

However, the ssue of overheating related thermal discomfort is not always part of design time
considerations (e.g. MH Arch). In those cases,student interviews reveal a considerable
dissatisfaction with the room tempetare, being experienced hotter than desil and trerefore
leading to thermal discomfortNadya@/H pg. 98). Stuents identify windows as major features
of the environment that might lave an influence on their thermalsibmfort of excessively hot
rooms due to solar oveheating and are likely toreport restoring their comfort by closing the
blinds. Tle latter behaviar in turn, which seemso often be used to mitigte overheating,is
reported to reduce the visual comfodf daylight making the use of artificidights nore likely.
The above finohg illustrates how the lack of considering or the lack of providingrenwientally
appropriate solutions foeliminating or restoring solar ogrheating related thermatliscomfort
might Y23 2yt & RAYAY AmalkKconfod Oulzlchuly (patentiallyi I&a8 Nd the
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deterioration of daylight visual comfort and eventuathay lead to increaseddaytime artificial

light use.

The accommodationthat stands out in terms of support for

thermal comfort from solar gains is CC. Hetee archtect
considers multiple g=ects of the building. First, they reflect ove
the main constructiormaterial and review occupancy periods g
student acommodations when theydecide to use cross
laminated timbe (Figure89.). Athough known by the architect
that timber structures may overheat during the summer, th
material is stilselected since the accommodations are not in usiguredd. CLT Structundsible in the

stair case of CCCC UAE
during the simmer and therefore occupant thermabmfort is Presentatiom.d.). YouTube
not believal to be affected(CC Archpg. 204). In addition, support for thermal comfort is
manifestedthrough the design ofhe windows where the recesed windovs are intendedto
provide shading ofm the sun CC Arch pdl96) and therefore tdimit solar heat gairand support
thermal comfort. Finally, cadured glazed panelperpendicular to the buildingsurfaes are
similarly used toprevent overheating via shading(Figure 88.) and to responds to the client
aesthetic requirements illustrating how welconceived design solutions caaqually be
supporive of occupant needs whilompliant with client demanddn the above cases, residents
are more likelyto report high satisfaction with the thermal environment, the lack of overheating
related thermal discomfort, and have the most pog& assessment gierceived thermal comfort
off all studied sites (Mean score 2;3lable33. Perceived overheating from the surndicating

that the architect intentions andfforts were well placed.

Interestingly, overheatingelated thermal discomfort¢ just as inthe caseof daylight visual
comfort - is more pre@alent in stories of residents living on the upper floors of the
accommodations. The survey data analysis confitimas the perceived overheating of student
rooms is orrelated with floor level, the highdhe floorlevel residents reside the melikely hey
experience their rooms asot (Figure 38). Nevertheless, architectsimilarly to daylight
considerations,do not mentionany consideation of floor levels while designg the thermal
environment in student roms g. 196 and section6.3.9 Sugainable heating and vendtion).
This is potentially an overallissed opprtunity to further improvecomfort of occupantsand

likely increas sustaindility of daytime artificial light use.
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To sum up, architects of the studied accommodations seem to beawelte of thermal comfort
implications of solar heat gains. the mirror of occupant perceptionshis awareness seems to
materialize in banced budings, where occupants have an overall positive thermal experience,

potentially supporting sustainable light use patterns.
Thedesign recommendatiornthat can be extrated fromthe studied cases are aslifovs

1 Aim for solar gin control solutbns that educe overheating without sacrificing natural light
levels to a degree that may prompt artificial light use,

1 Consider the combation of building fabric, occupancy pattes, windav design and shading
techniques when aiming to mvide good protedbn from ®lar overheating;

9 Include floor level considerations when designing upper floors of accommodations.

7.3.1.4. Visual Privacy

The case of visual privacy is the first major disangy thisthesis

finds between archéect FNB tables and oapant FNB tables,

calling br a better understanding of its implications.

While the occupant data reveals the major role visual privacy ¢
not being seen from the outside through the window plags
sustdnable daylight use pattemsi(sect y Visaal privacy LI @
95), architect interviews are void of consideratiofts the same
occupant need On repeated prompts some architects dd

mention design featues such as pathway distees from

Figure 90. Lights on with curtair
windows, vegetaon in front of the windows, or louvers, which closed, CC.

may be protective of occupant priva@ylH Arch) However, these
associtions were identified during the interview and the feature
were not applied intentionaly to support privacy. 8tent

interviews of thesame accommodatin confirmthis assumption

via reports of low visual privacy and pathways perceived as

TR

near the roan windows John@MHog. 95). Figure 91. Lights on with clos¢
blinds on ground floor, MH

The lack of conderation forprivacy is otoncern since privacyg significant relatedto blind use
and light use, suggpting thats KSy NBAARSY(14d4Q LINA GF Oé RSONBI &
daytime atrtificial light useFurthermore, privacy is the ost significat predictor of blind se

while 70% of occupantseport closig the blirds to reestablish their privacy, and 54% of
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occupants report turning on the lights since blinds are clq&sttion5.3.1Light use beaviour in

student rooms3.

Additionally, the need for visuaprivacyseems to supers#e the need for googerceiveddaylight
levels. When privacy is endangerestudents report closing the blinds and thus sacrificing
otherwise well appreeited daylightlevels, to protect the privacy The closed bhids reduce the
light lewels in their roons which in turnmay promptresidents to turn on the lightsF{gure90.,
Figure9l)).

In the perception of privacy, &dr level plays a significant role again,iaghe cag of perception
of brightness and solar overheating. Privacy concamesat a higher degree voiced by residents
living on the ground floofpg. 97), and impoves as floor level increase$igure38.), suggesting

that visual privacy might be more fragile on lower floors of the accommodations.

The importance of supporting privacy in student roomé$urther exacerbated by the finalj that
nearly 69% of students perceivtheir privacy h the room as fragile dTable 34. Percepion of

privacyl.£ and the overall mean score of 1.23 refigct (i Fablg85. Rerceptiorof privacy 2 &

Table34. Percepbn of privacyl.

Frequencies

Frequency Percent Cumulative
Percent

Q3 4 Strorgly agree 84 37.8% 37.8%
On a typical day, | fee Agree 69 31.1% 68.9%
people can see me Neither agree nor disagree 17 7.7% 76.68%
through the window. = Disagree 39 17.68% 94.1%

Strongy disagree 13 5.9% 100.0%

Total 222 100.0%

Table35. Perceptiorof privacy 2.

Descriptives
Q3 4 N Mean = Std. Std. 95% Conflence Interval Min Max
0 Stongly agree score | Dev. @ Error for Mean
1 Agree Lower Upper
2 Neither agree or Bound Bound
disagre
3 Disagree
4 Strongly dsgree
On a typical MH 69 | .94 1.199 .144 .65 1.23 0 4
day, | feel DDH 46 | 1.00 105 .155 @ .69 1.31 0 4
peope can see PPQ 81 1.51 | 1.380 .153 1.20 1.81 0 4
me through  CC 26 150 1.364 .267 .95 2.05 0 4
the window.  Total 222 1.23 1.281 .086 1.06 1.39 0 4
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Thus, support of privacy seertts be a major shortcoming in thewglied accommodations and a
prime opportwity for achitects to significantlyimprove support for occupant needs and
sustainabé light use behaviour in the student rooms. Even more so thatléick of support for
privacymay trump all other architectural &frts invested in providing good dayligto occuants.
While lowest floor roms are in dire need to receive privagsotective design features, higher

floor rooms cannot and must not be dégarded either.
Overall, reommendations arising from the stuay visual privacy are as follows:

1 Include systemat support for occupant vigl privacyin the architectural agenda of studen
accommodations;

I Ground floor and lower floor rooms need to lgiven special focusotsupport occupan@
visual privacy;

1 Explore and adopt methods for visual privacgessmentsuch as ightline studiesinto rooms

or visibility assessmenthat could pdentially predict privacy levels in the rooms

7.3.1.5. Conclusion
While daylight visual comfarg significantly correlated to lighuse and glare discomforand solar
heat gaindiscomfort¢ not significantly correlted with light use, are considereand overall vell
supportedby architects, visual privaaysignificantly correlated to light usés missing from the
architectural agada. Further considering that in rooms where tight combrt need is satisfied
while privacy need is missed occupants seem to saeriflaylight ® ensure privacy, it can be
suggested that including visual privacy supipn design of student rooms miglhie paramount in

enabling residents to capitalizen the beanefits of daylightand usethe lights more sustainably

The findings also atke that sinultaneous support of the discussed occupant needs may be
beneficial for @hieving environmentally sustainabtiytime light use. Supporting visual privacy
by design inways that do not reduce # comfort afforded by daylight, visual comfort gbod
perceived daylight levels without creating discomfort glaoe overheating relatéd thermal
discomfort,improving ondesign support for glare contr@nd solar overbating corrol without
significant Ies of daylight may also facilitate sustainabléfiaral light use patterns in student

rooms during the day.

Additionally, given the elationship between floor level anthe perceptions of privacy, visual
comfort of bightnessoverheating related thermatomfort and light usespecial consideration to

better supporting visual privacy and visual comfort on lower level floadsthermalcomfort on
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upper floorsby design nght be of interest for architects who seek to tier promote sustainable

light usebehaviours in the rooms of sustainable student anooodations.

Finally, based on the cases reviewed in this section an iritegemference starts to take shape.

As shownn the case of support for visual comfort or gdamwhere achitects intended to suppod

certain occupant needs residents had a balahcslightly appreciative perception of the

accommodations and behaviourseseed more sstainable. However, for needs oudsithe radar

of architectural intentions, occupé percepions were slightly negativavith less sustainable

behaviour patterns assodiaSR® ¢ KA & O2dz R YSIy GKIFG FfdK2dAK |+ NO
occupant needs ad sustainable light use behaviour ghi not be enough, it might still be

necessarydwards deeloping behaviourally susit@able accommodations.

Hence, in the case ofglit use in student rooms, the overlaps between the occupant FNB tables
and architect BB tables highlight areas where goaafchitectural practices exist and
improvementsare a mater of fine-tuning knowledg, understanding or agency of architects,
while the gaps between the tables show areas where seems to be a dire necessity fo
architecural support of occupant needs andsignificant potential for improving sustainaityl of

light use patterns.
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7.3.2Light ue in kitchens
The present section focuses on ificial light use in the kitchens and dining areas of the
sustainableaccommodations. It discusses lights use separatetgnfi light use in student rooms
since kitchens ah living aeas in student accommodaitis stand apart in terms of needs
occupants expres and in light related behaviour patterns that occur. The section iststad:
around the occupant needs of visual comfaf daylight, of light control, and the comfioof

activity matching lighting as peeived by occupants and intended to be supporbgdarchitects.

—_— —_—

\ / Comfort Natural light use
W/ Daylight

T3

Activity
Light system matching light Turning light off
+ light control

Control Artificial light use

Comfort
Activity match

Light system
+low energy
lighting
+controls

Reduced
cognitive effort
Atmosphere

A - H -
Aesthetics

+dimmers
+task lighting

Moderate light
use

Figure93. Architect FNBKitchen light use

7.3.2.1. Visual comfa of daylight
The occupantENB map Figure92. - and the architect FNB mapFigure93. - sedions related to
light use in the kchens, show an overlapm the area of perceive@dnd interded support for
occupant daylight comfort need’he overlap means that occupants use lighth@kitchen more
sustainably when their visual comfort is support@ection’5.3.2 Light use behaviounikitchen
and livhg areay and that architects als@onsider support of visual comforséction 6.3.8
Qustainablelight-systems usk potentially weHsupporting this significant occupant need and the

related lidht use behaviour. The occupant perceptionstié kitchen brightness confirm this
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interpretation by showing that mre than 75% of occupants perceive the kitchessnaturally

wellf ATable®6. Perceptims d kitchen brightness ®

Table36. Perceptias d kitchen brightness

Q10 _1.0n a typical dathere is plenty of natwd light in the kitchen, even withbthe lights on.

Frequen = Percent Valid Cumulaive

cy Perent Percent
Strongly agree 80 36.0 36.0 36.0%
Agree 88 39.6 39.6 75. %%
Neitheragree nor disagree 19 8.6 8.6 84.2%
Disagree 27 12.2 12.2 96.4%
Stronglydisagree 8 3.6 3.6 100.0%
Total 222 100.0 100.0

Architectsintentionally employ large ghzed surfaces in the kitchen ant’

dining areas of the accommodatioms order to ensure good daylight E
levels and proide pleasant viewsKigure94.). These design imntions E ﬂ ‘
seem to reach their goasince residents are appreiative of these
gualities as student interviews confirf@Visual comfort of daydihte :
sub-sectin of 4.3.2.10n pg.104). Besides the design of the windows
the bright interior surfaces of the kitchens and dining spaces are &
perceived by the occupants to be supportiveookrall brightness of the

space.

However, the acupant surey still found that 34% of residentgport
the need toturn on the lights in thekitchen diuring the daydue to

insufficient daylight leveléTable13. Reasons for using the kitcheghits

Figure94. CC & DDH. Gla:
surfaces of kitchen areas

improved toprovide brighter kitchen and dining spaces and to reduce artificial lightduseg

during the day). This indicates that dggn could be potentiyy further

the day
Hence, thedesign recommendationarising from the stdy are

91 Desiq large glazed surfacgin the kitchens and ding areas of student @ommodations
since thes features are likely to ensure occupants daylight visual comfort andradyce
daytimeartificial light use;

1 Operate with bight interior surfacesn the kitchen and dining areaso potentially further

boost the perceived brightnesof the pace, leadingo more sustainable light use behaviours.
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7.3.2.2.  Control over the lights
The occupant FNB tabld-igure92. - and Architets FNB table Figure93. - show overlaps oright
control, which suggest that control peraad by occupants to be so crucial for sustainable light
use in the kitchensT@ble12. Light use by Control typeTukey's HSD.and liing rooms arealso
considered byarchitects. Thigverlap signals that the light control may be provided by architects
in a manner that is supportive of occupant needs andasnable light use patterns. However

when looking deeper in the data, a more mead concluspn takes shape.

In the case of DDHhe architect revea$ integrating automatic

controls and omitting any kind of occupant control over the lig
in the kitchenareas of theaccommodations Kigure95.). As a
consequerte,occupants report lack of control over theHig and |
inability to turn off kitchen lights not even in the brightest naturi )
light conditions Jaden@DDtbn pg. 104), making DDH usesg
statistically sigrficantly more light than all other studied z?ytl’i;eh??- DDH lights on in broi
accommodationsiTable37. DDH using significantly moiight in the kitches, dTable11. Kichen

light use by Control type Oneway ANOVA, and Figure45. Thelack ofcontrol over thelight
environment and the concomitant outcome of not being abbtehave ad set the desied light
levels - mentioned by occupantsis ackowledged ly architeds as factors potentially detrimental

to occupantcomfort needs. More specifically, there is acknowledgment that enabling occupants
to granularly control or dimhe lightsis supportiveof comfort and may result in lower light use
(DDHArchpg. 201). However, despite the understanding afHt environments, occupant needs,

light use, and the relationship betweethese dimensions in the obext of student

accommodationsthe architectchoosesto engineerout occupant controlDH Arch pg201).

Table37. DDH using significantly moiight in the kitchen

Multiple @mparsons

Dependent Variable () J) Mean Std. Error | Sig. 95% Confidence
Q48 48  Difference (1) Interval
Site Ste (hours) Lower = Upper
Bound = Bound
Q121 Tukey DDH MH +2.4 .80456 .015 .3446 = 4.5105
Cumulative_Ligh HSD PPQ +2.3 .78036 .018 .2859 | 4.3265
t_UseKitchen CC +4.6 1.03708 | .000 19237 | 7.293
Day

The interview data suggests thatverall architects consider the benefits of automatic light
controls outweigh the shortcomings. Adding automatic contrqlswvith or without manual

controls ¢ to the light control strategy is deemed karchtects to be errgy efficient due to its
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nature of automatically switching off lights when the space is vacated, preventing as such the
unwanted and unsustainable behaviour efving the lights onDH & MHArchin section6.3.8
Qustainablelight-systems usge Apartfrom being considered asupportive ofsustainable light use
behaviour, resident comfort is also believed to hegorted by making the sustainabtdoice
effortless to residents and remowg the lurden of raving to remember to turn off the lights
when leaving the space. Furthermore, architects report considering occupant comfort by choosing
the light system accordm to the dynamics of anticipated agpant activities performed in a
space.Their guiding pringple is to apply automatic motion sensor based light controls where the
discomfort of having the lights turn off unexpectedly can be minimized or avoided. Theauwsh

areas are thought to accommatg activities that require constant mewnent, thus the rig for
200dzLI yi RAAO0O2YTF2NI 2F KF@Ay3a GKS fA3IKdGa GdzNy 27

perspective.

The fact that resident interviews lack reports oncdisifort created by the lights thaturn off
unexpectedly or on the burdenfdavingto remembe to turn off the lights when vacating the
kitchen and dining space suggests that these aspects of comfort needs are successfully supported
by design, with the pential inbuilt benefit of reducing wasteful light use behaviours and
pradices. Havever, without providing some degree abntrol to residents the potentiaknergy
savingsseemto be missedand significantly more itensive light useanbe predicted(Figure45.,

Table37. DDH using significantly moight in the kitchen.

In conclusion, architects em to have a good understanding omwh to create Ight control
strategies that are perceived by occupants to suppbdir needs and mayhelp them use lights
sustainably during the dayfowever, the case of DDH underlines that this understanding must be

put in practice well if the sustainadbuilding areto deliver their sustainable behavioural goals.
The maindesign reommendatons arishg from the studyare:

I Technology should be comm@mented with human agencyin light control systems of
sustainable accomodations.
1 Use motion sensor baset controls {n addition to manual controls!) in spaces abundant in

occupant ativity andmovement

7.3.2.3. Comfort of activity matching light conditions
The occupant FNB tabld=igure92. - and the architect FNB tableFigure93. - sections related to
light usein the kitctens interect in the area of perceiwd and intended support for activity

matching confort need. The overlap may mean that while occupangg lights in the kitchen
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more sustanably when their comfort of activity matching light conditions is goiged, architects
al consider support of theame needpotentially weltsupporting this sigficant occupant need

and the related light use behavics (Figure96, Figure97).

More specifically, tsident interviews suggestfrequent cases
where occupants do not need the arti@l lights on or would ||

need dimmed lights thatmatch the activities performe in the

kitchen anddining spaces feer sunset The OccupantSurvey

Study quantifies this phenomenon andndicate that 77% of w2

Figure96. Group dinner in CC
residents would want to turn off the lights duringe eveningor

the comfortable enactment of varus social activities such agatching movies, plying video

gamesor partying Tablel4. Evening time activities requiring reduced light)ng.

Architect recounts seem to match this understandingesi
one participating architectlisausses etensivelythe lights
and light contrd systems, occupant comfort it mighffect
while  occupants  perform  actions specific t
accommodations,and the potentially consequences on
artificial light use (DDHArchin section 6.3.8 Sustainable
light-systems uske Nevertheless, the veisame parttipant

admits to usinga simplisticlight control system, namels

fully automatic control, due to affordability concernsFiguregl TV spacs nex IR E—
raisedby the client This results in tl inability of residents evening. MH.

to turn off or dim the ights, which besides reducinipeir comfort of activity-matching light
conditiors. In an attempt to restore their comfort residents report ways to circumvent the system
and gply tape over the motion sensoflarry@DDH pd.07). This behaviour is coinfmed to ke
prevalent by the survey since 60% of occupants who lack control over the lights and want to
switch off or dim the lights duringhe evening, report restoring theicomfort by taping the
sensors(pg. 154). Moreover, DDH where kitchens only have automatic light controls exhibits
statistically significantly more sensor taping than any other 5t&%R TEatleBS Sighificantly

more frequent sensor covering inDBH g KAt S 551 A& Ffaz2 @gKSNB a
during evening hours and would want to hawsver light levels thenost often ¢Table39.DDH

occuparn demand more often lower light l@lsduring evening @
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While cirmmventing the system and taping tlsensors could ironically be msidered as using the
lights more sustainably compared to the use allowed by the malgiesignthe same behavioural

reaction also poses &ty hazards and should not be encouraged by design means.

Table38. Significantly moreréquent sensor covering in DDH

Multiple Comparisons

Dependent Variable Site = Site  Mean Mean Std. Sig. = 95% Confidence
() (J)  freq. of Diff Error Interval
covering () Lower | Upper
sensor (%) Bound = Bound
Frequency of Tukey DDH  MH 0% .652* .044  .000 .54 .76
covering sensors  HSD = (65%) PPQ 0% .652* .042 ' .000 .54 .76
to turn oflights in CcC 4% .614* .056 .000 A7 .76
kitchen

Table39.DDH occupardemand more often lower light lelsduring evening

Descriptives

Values N Mean Sd. Dev.  Std. Error 95% Confidence Min = Max
0: <2x / month score Interval fad Mean
1: 24x / month Lower Upper

2: 59x / month
3: >10x / month Bound Bound

Frequency of MH 63 1.03 .983 124 78 128 0 3
wanting the lights  DDH 46 1.65 1.016 .150 1.35 195 0 3
off in the kitchen = PPQ 80 1.36 1.022 114 1.14 1.59 0 3
during evenings  CC 17 47 717 174 .10 84 0 2

Total 206 1.25 1.033 072 1.11 139 0 3

Here the core issue seems not aabinnect between architect understdimg or consideration
and occupant perception, but rather between acknowledgedupant neels and circumstances
2dziaA RS (i Ka§encl tNaD ptevenSt@in & designing the biinlg in a way they know
would suppot occupant needs. Thus, the overlagpthe FNB tables indicates well the good match
between occupant perception andchitect ntentions, while the interpretation of the wterlying
qualitative and quantitative data indites a disconnect which may be comile of lower
occupant comfort and afety hazards and which may need to be bridged to ensure sustainable

accommodatims are moe comfortable, sustainable behaviour suppeetiand safe.

In addition, occupants recount @ther mundane, nocturnal behaviourshere turning all lights

on is not reeded. The automatic lights turn on nevertheless generating energy waste. For
instance, poping out from the room for a glass of watersuch an activityHarly@DDHpg. 107),

but many more can be envisaged. Althougtily further research could better quantify the impact

of these mundane actiond, can beassumed thathe cumulative time the automatidghts turn

on and remain on in such cases amouotsignificant waste.
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Overall,design recommendations arising framme study of activity matching light comfort and the
potentially related light se behaviars in the kchens and dining areas of student

accommodations are as follows:

9 Lighting in he kichens and dining areas of stusteaccommodationsshould cater fora
plethora of activities which require reduced light levels during the evening

9 Light contrds in kitche and dining areas of accommodatiostsould include ranual contros
to allow residens to switch off the light# that better matches the comfortable exttment of
their activities, concomitantly supporting sustainable light use;

1 Studies suchas the preset investigationshould be used to guge the extent of occupant
discomfort, safety haard and energy waste that comesth the reportedly more simplistic
and cheaper, fully automatic light systems and light controls, to counterbaldmeecost
rhetoric, ard to promote the use of slightly merelaborate and probably marginally more
expensie but more occupanheed supporitve andlikely more behaviourally sstainable light

systems.

7.3.2.4. Conclusion
Thepositiveoverlaps of occupant andrchitect FNB tables in tharea of light use in the kitchen
suggets that architects of sustainable accommodatiooan already design spes that are
perceived by occupant®tbe need supportive, and likely promote sustainable light use patterns.
Occupantcomfort mnsideration andight control strategies that fit occupd needs are both

within reach of knowledge anchkw-how of architects.

However, the underlying data also ashks that occasionally there are obstacles other than
architect intention and knowlegk in frort of realizing watinformed design intentions. Therefgre

the opportunities for improvement applicable this area may be ithe realm of policy making
and formalized design support for occupant needs. Alternatively, understanding what are the
safety haards and energy vate risks associated with not suppogimccupant needs by design,

may help sway decisiomakers to inveshi adequate support for occupant negd
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7.3.3Heating and ventilation
Heating and ventilation behaviours often appegtertwined in student accountsand are
therefore discussedogether by the present section. The section is structured arduhe needs
of thermal comfort, control over the thermanvironment,comfort of air quality,and control
over the ventilation needs thatmay berelated to sustainaliity of heating and ventilation

practices.

While thermal comfort and the comfort of aiguality isdiscussedased on data from all three
empirica studies, the discussion @ase of use otontrols over the thermal environmenand
control of ventilationis performed based on Student and Areluitinterview data solely. These

two occurrence®f ease of use needere not part of thestudentsurveydue to space limitations.

7.3.3.1. Thermal comfort
Juxatposition ofthe Occupant FNBFigure98. - and Architect FNB map Figure99. - reveals an
overlap inthe area of thermal comfort considetiahs, suggesting that architects may be already
tackling some aspects of this occupaneed lkely significant for the sustainable use of the
accommodation. However, th@ccupant dah revealed that satisfying thermalomfort of
occupants incorporates vatig scenarios and a comparison with how architects may consider

those scenarios mayetnecessayr to identify good practices or opportunities for improvement.

Heating and Heating correctly

ventilation syst. Comfort
+ Radiators Thermal Heating with
+ Valves and Air quality loss

thermostats Windows open
+ windows and heating on

+ trickle vents Windows open
+ floor level instead of

trickle vents

Figure98. Occupant FNBheating &ventilation

First, occupant interviews suggests that heating pracéis in the rooms of the studied
accommalations are shaped by how fahe design features serve occupant needs of indoor
thermal comfat of sufficiently warmrooms & dzo & S Gtiesnalorfarté 2 Y109 FHgdre

100). When design features cater for this type of thermal comfort, occupants are lixagport

more sustainable heating practices. By contrast, where the same resident needs are not well

supported,the reported heating bé&aviours are likely to be more ergrintensive.
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Theoccupant survey supportghe inferences via statistically sifjnant carelations betweerself
reported duration and intensitpf radiator use angberceived temperature in studemboms The
colderresidents perceive their rooms, tHenger and morentensive the reported radiator use.
Conversely, the more residemperceivetheir rooms having the desirable temperature, the milder
heating practices are reported to be. Furthermore, fldevel is found to relate significantly to
heatingpractices, morespecifically to heating duration. The higher students reside enbthilding

the shorter the time the radiators are in ugéigure48.).

Structure
+CLT
+U-values
+Orientation

+Occupancy

Comfort
Thermal
comfort

Windows Air quality
+reveal

+shading
+blinds & ‘dual- / ’m
system’ = =
/
= Aesthetics

/
]
+glazing to wall \
\
AN
Figure99. Architect FNBheating & ventilation

ratio
+orientation

+trickle vents

On the other hand, architéaral interviews areoblivious of
consterations for sufficiently warm rooms, for occupan
heating practices or for changés heatirg behaviours across
floor levels. ¢ KA & R 2 &atyia® drchitécds are notm
concerned at all with the thermal charactertstiof the
accommodations.However, the considerations of thermal

characteristics constitutes more of buildinghysics basd

engineering exercise rather than an exercisé lespoke Figurel00. Using radiators in MH

consideration of occupant needs and sustainability of subsegbeh&viours. This might be the
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reason vihy the thermal environment is considered appropriate by less than half (44%) of the
residentsof all accommodations with the remaining residsiterceiving their room as either cold

or hot (see white line ofrigure 101).

Perceived temperature

DDH =—PPQ =—CC Mean

0%
Very hot Neither hot nor cold Cold Very cold

Fgure101 Perceived temperature by accommodation

Paradoically, oerly hot environments also seem to be conducive of more intensive and
unsustainable heating behaviours. When the radiators @rcaved by residents to heat ufhe
rooms too suddely it is likely tlat residents proceed to calibrating the roomni@erature and
restoring thermal comfort by opening the windows while the radiator is pg 109) which is
extremelyenergy wasteful. The bgh prevalence of the practice of heating with open windows is
supportedby the survey analysis revealititat nearly 244 of residents keep the windows open
while the radiator is on becaughe radidgor overheats their roomsTable18. Reasons for heating
with open windows.ref Survey). The survey analysis further indicates that heating eptn
windows is signifiantly correlated with both heatip time and radiator sdings Eigure 48.),
undetining that this type of heating practice, increases the duration and the intensity at which

the radiator is used.

Hence ideally, the desigshould allow as many occupants @sssible to perceive their roosias
neither hot neither cold. From thigerspecive CC, plottedwith yellow line inFigure 101, stands
out from other studied sites since 62% of its papéting residents perceiveheir room

temperatures as wiebalanced.

Despitethe high prevalence of heating with open wiwsin the studied accommodations and its

well obvious energy wasteful character, architects do not mention considering nor aiming to
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prevent this extremely unsustaind practice through deignd ¢ KA & &8 Shaty Qi
architectural considerations do nanclude atall thermal comfort of occupants. Architects do
consider thermal cafort of occupants in various ways. These are just notcihresiderations that
match the fndings of the occupantdata analysis in # context of heating and ventilation

practices insustanable accommodations.

For instance, at the selection of the main construction material, architects consider the occupancy
periods of the accommodations, whetihey decide to use @sslaminated timber Although
known that timber structures maywerheat duing the summer, this material is still selected since
the accommodations are not in use during the summer and therefore atughermal comfort

is not affeced (QC Arch pg.204). In addition, suppading thermal comfort is manifested through

the design of the windows. Architects employ recessed windows with thentioin to provide
shading from the sun (CC Argig 196) and therefore to limit star heat @in and support thermal
comfort. Alternatively, modest size windowslthough designed with the primary aim to comply
with client-dictated financial constrats - are also posited by the architect as limieof heat

gains (DDH Arcpg. 197). Furthermore, dual systems for manipulating direct sunshine without
closing off with tinds during the day are also neant, among other goals, to provide shadi

from the sun (DDH Arcpg. 1950 | YR GKSNBF2NBE OFy 0SS O2yaifr
thermal comfort. Finally, coloured glazed panels mewticularto the building surface arealso

used to prevent overheating via shadiftgdJARCH pdl96) and to respondo the client aesthetic
requirements, illustrating how wettonceived design soluths can equally be supportive of

occumnt needswhile compliant with client demands

Thegapis solely with the fact tat the sugported ocupant needs and the circumstances in which
those needs are supported are not the ones that seem to be conduciwsseergyintensive

heating and ventilation behaviours.

The design recommendations arisimgrh the studyon the sypport of thermal comfort eeds and

its associations with heatirgndventilation in the context of student rooms are the follimg:

1 Design of sustainable accomodatons should aim to support thermal comfort of occupants
by avoiding bth cold roons and ovely hot rooms since both nyabe conducive of energy
intensive heating patterns;

I Sustainable accommodation design needs to askedge the accommodation specifad

highly energy wasteful occupant practice of heating with open wind@ws designthermal
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environments where occupantare not driven to engage in this behaviour since their thermal
comfort need is well supported:;

1 Thedesign of thermal environments shld consider the phenomena of higher perceived
temperatures on higher flor levels andbe awarethat lower floors might beperceived as

colder by occupants.

7.3.3.2. Ease of use of controls over the thermal environment
The FNB tdls constructed from architect d& shows overlaps in considerations for the ease of
use of controls of thehermal envionment wih the same area of the @apant FNB table, as

visible fromthe architect FNB tableFigure99. - andoccupant FNB tableFigure98.

On the occupant side, the studeirterviews suggest that residents may find it challenging to
control the thermal environment in their roomsuba S O (iBage\6f use of heating contrélsf 2
4.3.2.20n pg.111). While they canopen the windows, although only partially due safety
conventions specifito UK student residences, some students may haffecdlties in controlling
the radiators. The lack of ease of use in controlling the radiators, might easily contribute

thermal discomfort,which may impact sustainability bkating practices.

Architects discussing heating controls report provisionirgdiators with adjustable valves
comnonly used in residential projects, which in their view enables residents to easityol the
temperature in the rooms and achieve thermebmfort (MH Archpg. 204). The occupant
recounts of the same aommodation echo the architect intention since students find the
controls ¢box standard (John@MHpg. 111). However, based on resident survey data, the
operation of someof the studied accommodations ems b override the intended design
solution and substitute that with a solution thatduces ocgpart agency and control over the
heating by supplyig heating at set times of the day. Although this latter solution migipeap to
have heating energy redtion benefits, it may be detrimental to student comfort via rooms
experienced as coldMoreover, resdents may restore their comfort by circumventitige time-
rationed heating system with the use of electric radiators, vd8% of all residents using such
devies. Thus,the centrally controlled, rationed heating may easily loose its expeeteergy
savingbenefits while it affectstudent comfort and cotributes to fire safety hazards increased by

the electric radiatouse

Therefore, the desigmecommendaions of this section focusing on how the support for control
over thermal environment nght leadto sustainable heating practices in the rooms of suisable

student accommodationare the following:
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9 Integrating occupant adrol need supportiveneating sytems in the architectural design of
student rooms and enabling occupant agency over itidoor temperatures might lead to
safer, more comfortable, andikely more sustainable heating practices in the rooms of
sustainable stdent accommodations;

9 Studies sue asthe present investigatioshouldinform operation of the accommodations on
the extent of ocaipart discomfortand safety hazard posely rationed heating arguing that

rationed heating is likely failing to deliver anypected energy and cbsavings

7.3.3.3. Comfat of good air quality
Air quality considerations have a marked presence on bothitect and occupant FNB tables
potentially signalling architgural practices that match occupant needs and support sustainable

occupant behaviour(seeFigure99. and Figure98.).

Studentinterviews suggest that the suppt of good perceivedair quality need leads to are
sustainable ventilation practices in the rooms efstinable student accommodation$Vhen
students perceive the air in their rooms as fresh, they only report openingvthdow when the
temperatures areexperienced as too hipand consequently they we to cool off their rooms, but
not for airing the room@& dzo & S Oamio& of gad air qualiyé  £23%.2on pgll?). In casehe
radiator is on, the same residents reportitshing off the radiators while the windows are open
However, when the air is percad a stuffy, residents report opening the window to air their
room and in case the daator ison they leave it on whiléhe window is open. The latter way of
airing theroom while maintaining the desired room temperatui® unequivocally more energy

wageful.

' & LINB &Sy 78.B1Theymal coofort ¢ adz0 a SO0 A 2y >  visLiaBilg xhg 3
heating is on shows significant corrédas with both heating time anéhtensity, suggesting that
the practice of snultaneous heating and ventilation leads less susinable heating practice
Although in the previous subsection this belmwral reaction is attributed to thermal discomfort,
the fact that 50,9% of residenteason opening the windows while the rad@tis on with the air
being perceived stuyf with cloesed windows Table 18. Reasons for heating with open windoyys.
supports the inferencesf the student interviews meiioned above and suggests that perceived
air qualiy migh also bea significant contributor to swaying sustainability of heating and

ventilation practices.

Surprisingly the survey analys des not providecorrelational sugport for the qualitative

inferences of the occupant interview study and does not finghiicant correlations between
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most of the measured perceived air qualitpmponerns - freshness, humidity or airflow, and
ventilation practices. On the other hand, theuney data indicates that # air humidity
component of perceived air quality, sigondntly carelates with intensity and duration of heating
behaviours and practice§he dryer the air in the room is perceived thigter the radiator use
duration and intendty and hence the more gustainable the heating behaviours gfégure48.).
This finding igparadoxical since it seems to becontrast wih the fact that humid airmay need
more eneggy  be heated up to the samemperature. Nevertheless, this study focuses ormho
residents perceive the air qualitin their ooms and how those perceptions might lead to
sustainable heating practices. rtiay well be possiblethat since dry air is peeived less warm
than humid air, ocupaits heat the air of their room to higher terepatures to experience

thermal comfot.

Architects report understanding howstalet the air can become in student accommodaisoand

aim to provide good ventilation thragh ful-height windows and trickl verts installed on or sunk

into window frames & dzo & S Odmko#t §ihd control of indoor air qualidy @3Pon pg.205).

Although the corfort of good perceived air quajitisy 2 i SE LI A OA (i f &acéoints,i SR Ay | NO
it can be assumed that the intentioto provde good ventilation is implicit for supporting the air

quality component of comfortln these cases, residents report good f&okv in their rooms gub-

Perceived air flow

DDH =———PPQ =——CC

42%

Very draughty Draughty Neither draughty nor Still Very still
still

Figurel02 Perceived air flow by accommodation
section cComfort of god air qualiy¢é  2.32.2on pg.l12) as also reflected in the plots of
perceived air hw: see the orange and yellow lines Bigure102 that show how the residents of

CC(yellow) and DDHgrge) are the least ldty to perceive the air as still or very still.
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However, there are accommodations where student regstill¢ or ésuffocating air (Susn@ViH

pg. 112), suggesting the ventilation is wanting. In this latter cdse architet aim to ensure
ventilation via openable windows, however they also install fixed louvers to ptestedents
from littering through the window potentially obstructing ventilatiofMH Archpg. 198). The fact
that residents of the same accommodations also recount engaging inntige wasteful heating
and ventlation practice of opring the windows while théeating ison @ohn@MH pg113)
further enforces te assumption that design support for good air quality might be key to

sustainable heating and ventilatidrehaviours

Although all participatingarchiteds consicered ventilation in studentrooms, some more
occupant need supportively than ottemone ofthem explicitly link it to perceived air quality,
differentiate between different aspects of air qualistich as freshnessumidity or airflow and
none of them link it to heating and ventilation practices, this later being visible fi€igure99.
However, when they intend to cater for ventilatiaand their intentions are not obstruetl by
compding requirements, occupants &k peceive the air quality to be riweably less still and

may potentially act more sainably.

In conclusionthe recommendations suggested by the study on the comfort of good air quality in

student rooms ardhe following:

1 Perceived indoor air qualitys an abstract concept to occupantand designers alike,
suggesting that crosdisciplhary colldoration might be necessary to better understand how
to support this occupant need by design, with the aim of inwimg sustaiability of heating
and ventilaton behaviours as wellasenhancingoccupant comfort;

9 Features such as felleight wincbws and tickle vents might support resident comfort of good
air quality and might promote more sustainable heating practitesrefore their use is
recomnended;

1 The practte of heating with open windowand its potential roots in poor perceid air
quadlity needs to be considered during architectural design since it is a highly energy wasteful

practice which is extremely satiein student accommodations.

7.3.3.4. Ease ofuse of conbl over air quality
Residentsof several studied accommodatiorface dfficulties with controlling the ventilation
devices, more specificaltite trickle vents, at the time of their arrivasib-a S O (iBage Wf use of
ventilationdevices  £2312.2on pg.113). As new occupast they are either unaware about the

presence of trickle vents or experience difficulties in underdiag how to correctly use these
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features. Thelack of recognizability and ease of u$eads residents to fail to capit&e on the
benefits of the tricklevents: theycannotstart the vents nor stop those, the latter putting a strain
on their health in ctd weather. Furthermore, not baig abé to limit the stream of cold air may
also result in decreased thermal comfortafld rooms which in turn as suggesd in the ¢7.3.3.1
Thermal comforisubsectia, maylead to more intensie heating. Conversely th inability to start
the trickle vents anallow infresh air may lad to ovety hot rooms whichmay lead to resident
discomfort and unsustainable heating and ventilation practices of heating with opedows

(seed7.3.3.1Thermal comfort subsection)

Although archiécts menton aesthetic considerations at the design bétrickle vents anéim to

make those lessvisible or hide those into the windonv frame {g. 205), concerns around
recognizablity and the ease of wscontribuing to lack of support for control needs is not present

in their accountsNevertheless, occupant data makes it observabka ttortrol over the trickle
vents shodd be better conddered during designThis is not to sayh@at supporting aestheti
needs ae less important than recognizability and ease of use. Instead the contention of the study
is that by designing natural vergtion devices that are easily cegniable and ensurentuitive

use while also supportive of aésitic needs might better serve ecupant air quality control

needs while potentially reducing energy intensive heating and ventilation practices.

Overall, degyn recommendations arising frorihe gudy of design disfaction of occupant control
needs ovethe natural ventilationdevices ad its potential relationship to heating and ventilation

practices in student rooms of the sustainable accommodation arellasvi

i Extending the need suppobrof control over ventilation devices with support for
recognizabity and ease of usé advisatd in order toprovide more intuitive control over
ventilation to residents, enhanceccupantthermal and air quality comfortcontribute to

more sustainable éatingand ventilationLINI OG A OSa ¢ KA T S | tedth LINRPGSOGAY3

7.3.3.5. Conclusion
Both thermalcomfort and air quality comfort significantly related to heating behavioursare
prevalent in occupant recounts and in aitelctural considerations of degning the rooms of
sushinable student accommodations. Nevertheless, the thermal comfesidentsreport to
expect and the thermal comfort architects afford through the designraoms presents
considerable mismatches potgally resulting in more energyntensve heating and entilation
behaviour Similarly, air quality comfort is intended be supprted by architects however

students often find this need unfulfilled possiblyesulting in wasteful heatingnd ventilation
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practices. The sectionalso highlights the distinctly unsustainable practice of simultaneously
heating and ventilatinghite room highly ubiquitous in student residences, which is not mentioned
by architects. Térefore, it is the contention of this study ah by properly supporting the neds
for thermal comfortand good perceived air quality in the design of student acconatiod
rooms might significantly reduce wasteful heating and ventilation practices andeqoestly

improve the overall performance of ¢hsustinable accommodations.

Given the relationship bawveen thermal comfort, floor level and heating timespecial
consgderationto supporting thermal comfort on lower floofsy design might be of interest for
architects who seek to better promote sustaliie heatingbehaviours in theadoms d sustainable

student accommodations.

Finally, occupant need for control over guality, dthough considered in architectural design,
would likely need to integrate impx@d features for recognisability and ease o$euif

environmentally considerat heaing and ventilabn behaviours, good occupant comfort and
health is pursued by dem. On tle other hand, control over the heating seems to be well

supported by design ohe studied sustainable accommodations.

Howeve, suporting occupantneed for therma comfort and cotrol over the thermal
SYGANRYYSyYy(d YlIe& 0S5 o/Skatk\tectetd NIOVsAthaS 0domnabdatiod S y (
providers resort to rationing heat, which imgacoccupantcomfort and control needs and
prompts residents to use additionaklectic heating devicg denying energy savings and
increasingfire safety risks. Thughe design time consideration for occupant needs of thermal
comfort and control over théneating may have to be extended to operatiohtbe building if

sustainable hatingpractices are tde achieved in sustainable accommodations.
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7.3.4Recycling behaviours
The preseh section focuses on waste management and recycling behaviours in the rooms,
kitchens and communal areas of the sustainableoaemoditions. The section is sictured
around the occpant needs of comfort, ease of use and hygiene whacherged as ikely

conaducive of recycling behaviours.

Waste Comfort

management U@Ly

facilities. Recycling
: Ease of use
+ waste bins

+ recycle bins Recognizability

. Ease of
+ location ; : .
: D interaction Not recycling
+ visual signifiers

Hygiene

Figurel03. Occupant FNBWaste management

Waste mgmt.
facilities

+location
+distances

Figure104. Architect FNBWaste management

7.3.41. Easeofuse
Ease of use presents itself in the student interviewsrae@upanineed likely related toecycling
behaviours gection 4.3.2.4 Waste managementand recycliny Furthermoe, it appears to be
composed of perceived visual differences aiding the function recagnitif the facilities, and of

perceived ease of using the waste management facilities

The visual differences between waste binsldssigniicant correlations withrecyclng activities
(Figure51). The more visually défent the waste receptacles are perceived the more frequent
and correct thereported recycling practices arehinting that visual diffeences might he
occupants reagnisethe function of the waste ins. The visual differencethat most correlated

with recyclig behaviour are: the size of the bins, shape of the bins, colour of the bins and the
colour of the installedbags pg. 166). In addition, 75% afespondents who recycle report their

behaviouris facilibited by visual instictions o the birs, with 39.7% marking bin colours as
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facilitators and 6.4% marking bin siz€able 26. Design Features aiding waste separajion.
Desjite the hgh percentage of students identifying the visual instructions as facilitators of
recycling, the plain presence of visual instions does not show signiéint corelations with
recycling behaviourgpg. 166). Nevertheless, student interviews suggest that when the visual
instructions on receptaclegre clear, recycling behaviois more salientdg. 120), suggesting that
clear visual instruébns mayalso be facilitéors of recycling behaviours besides the shape, size

and colour of the bins and the colour of the bags.

Althoudh the visual differences of ghbinsmay help suggest where to dispose of wastee
student interviews propose that easof useis not necessadyi the function of visual differences.
The bins may be perceived as visually different and guiding of recyabmgever the perceived
ease @& use gemingly independent of the visual guid&nanight interfere with recyclings(b-

seD (i A Bage offuse interaction with the bing  23%2.4on pg.121). In some case thebins in

the communal areas of the student f#aincorporate two openings of diffen¢ size, bape and
colour. The larger, green opening is expected to be used for recycling whilengikers black
opening is meant to & used for refuse wastd-igure31.). However, student rexunts reveal that
although recycling inprinciple would be easy, given that éhfunction of the bins is clear, the
design may not be supportive of perceived easeusé. Disposing of the generalaste &
perceived to be cumbersome via the small openingd aefuse waste is hence disped of
through the &rger opening originally inteled for recycling. In another case, the architectural
design integrates waste dispossthafts in the exterior of théuildings, welldifferentiated via
separation, colour and kels Figure29.). Studems confirm recognizing where different waste
types are expected to be dropped off, however separation d@egn K I LILISY RdzS (2
perceival ease of use. Since shaft lids open only partially and ever,m@stebags donot fit
through the openings aupants, report simply dropping the waste bags next to the shafts
(Andy@PP@qg. 122). Thslatter reaction is not only hindering recycling but generate litteidngl

disrupts wate managenent.

The relationshibetween the perceived ease of use and recycling behaviour is reinforced by the
quantitative study viatatistically significant cordations between perceived ease of use of the
waste bins, and frequency dncorrectness ofrecycling behaviours [igure 51.). The easier
residents perceive recycling is affied by the waste b, the more frequent and the ame
correct their recycling practices. Conversely, the less easy waste bins peeédhed, the less
frequent and correct the reeling practicesOverall, 43.7% of respondents report to recycle

becausetiis easyTherefore the assumption that perceideeaseof use and function recognition
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are independent components of ease of usd, issupportedby the quantitative analysis vidh
did not find significant relationships between the perceived ease ofguthe facilities ad the

perceived visual diffemces @& the facilities.

Architect interviews are short on data related to thewal insructionsor perceived ease of use of
the receptacles and on design intentions to support overall ease of use déw@nagement
facilties. This suggests the desighthea S 2062S00a Aa y2d0 2y I NOKAGSOGaQ |
this granulariy. Nevetheless, he observation of the waste magement facilities during site
visits and photo documentations provided lspme residents, alle a discussion on the final
design ofthe facilities and allows the researcher to build an interpretative framdgwon mtential
design intentions. The observatis and photo documentations show that the accommodations
are equipped witha variety of wastaeceptacles which may be sepéed bywaste type, may
differ in the size, shape or colour of the openings athia size shape ad colour of the bins, and
may have visual instructions applied on their side or above the bins on the infaliming
residentson the correct use. The vatieof bins and the presence of visual instructions suggest
the designg product design andarchitecural design in this casgincarporate intentions to make
the function of the facilities clear and easy use. Neverthelesghese design intentions do not
alwaysseem to match their goals given residents often report scant recyclinguairs and

practices.
In conclusion, the key remmmendation arising from the present section is that:

9 design of recyclingatilities¢ be it aichitectural or product designneedsto support ease of
use nea of occupants via equivalently welesigned \sual diferences ad usability features.
The lackof support for recognizing the function or for effectively interacting arsihg the

facilities may be conducive of poor rgdingand waste management practices.

7.3.4.2. Hygiene
Occupantinterviews reveal how theecyclig receptat Sa Q € I O] 2 T e deddstalg NIi F2 NJ K& =
act as a deterrent for recycling behaviours amdy bean impeus to cease recyclndespite
strong intentions torecyck. One of the residents arrives to the sustainable accommodation with
well-developal recyclilg habits, however, faces theagcle bins that easily get dirty during use.
The resident invests considdaia effort in tryingto repeatedly clean the bingnly to eventually
give up on recycling altogether in avoidance of having toinanuslywash thecdisgusting bins

(subsectiondHygenec cleanliness of the bids £23R.4on pg.124).
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The survey corroborates the inferences of the student interviews stmws that the perceved
hygiene of the wasteihs correlates significantly with the seéported frequency and correctness
of recycling kehaviours(Figure51.). The cleaner residents pereeirecycling is afforded by the
wade hins the more frequent and the more correct theiecycling practices. In contrast, the
dirtier the bins are perceived, the less freant and the less correct re@nts ecycling practices.

A total of 16.7% residentgport not to recycle because therts ae dmessy.

Given that the design of thereceptaS a8 A & y2iG LI NI 2F | NOKAGSOG 2
use, photographidata is used interpret the gential design intentions potentially related to the
hygienic use of the bins. The photeghic data produced by a participant F{gure 31.)
demonstrates that the bins identified as unhygienierevindeed covered by traced wastethat
probably stuck easily to surfaces around the openings. The reason for theobget drty might

be nested in their design. More specifigathe bins in discussion have a small opening for refuse
waste and a lagge opening for recyclable wastBothopenings expose curved surfaces with which
waste may easily come in contact witth@n occupats try to dispose of it. Therefore, the final
design and its use suggest that design time considerations might have beepromfate to the

actual hygieit useof the bins.

The qualitative and quantitative findings, together with the photodrigpdata fighlight the
importance of design time consideratisof hygienic use of the waste bins to stimulate recycling
and to promotebetter and more frequent recyimg piactices. Especially so in scenarios where the
waste receptacles are provided at fEain muli-occupancy residences such as student
accommodatdns - where hundreds or thousands of residents may face the same deterrent
simultaneously. However, aritbctural design is less concerned, with waste bins in the
accommodations. Designing thénb usualy falls into the area of industrial product desigtive
selecting, procuring and maintaining bins is likely to fully be éncbntrol of the accommodation
operators. Thus, the support for occupant need of cleanliness weighs both on produghédesi
and operators if recycling practices are to be boostedthe student accommodations. While
designers could aim to create receplie& that support hygienic us@perators assessment on
how far reallife use of the waste receptacles is hygienic vialwenceied tests prior to
procuring bins at scale for largemulti-occupancy residences, may be key for facilitating

widespread recyatg behaviour among occupants.

Overal, key considerations arising from the study of design satisfaction of hygienaf tise bins
and its associations wittecyclingbehavioursand practicesn the communal areas of sustainable

studentaccommodationsre as follows:
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1 Topreventor reduce the perceived lack of hygiern# the bin useand potentially facilitate
recyclingin student acommodations it may be recommendable t@signbin openings which
are sufficiently largeéo ensureeasy anchygienicdiscard @ the waste,andto limit the contact
surface around the openings to prevent wasighering to it;

1 Informing product deigners andoperators onhygiene agotential design driveof recycling
behaviours and encouraging them to commission and integrate ptackes that meet
occupanthygene needs mightbe worthwhile toenable more frequent and correct recycling

in sustainal#® studentacommodations.

7.3.43. Comfort
Student interviews reveal #t comfort, more specifically the perceived proximity of the waste
bins, night play an important parin suppoting or undermining recyeig practices. In cases when
residents perceive the reche bins dstant from their actual indoor locations, they repothat
taking out the recyclable waste is uncomfortable and are lesgliketecycle. In contrastyhen
resicents perceive the waste bins close enough to their flats to take comfortably takéhe
separated waste, they are likely to report regular ptae of recyclingsuba S O (i Gohigr, d
proximity of thebing  £23%2.4on pgl22).

However, closer examinain of thesameissue suggests that the comfort of recyclingemis of
proximity of the bins seems to be a highly elastic and subjeaoncept. The distance otdtien
bins from the student rooms can be safely assumed to be shdin@m the distance obutside
bins from the kitchens. Still, some residents find thchen bins uncomfortably distant to reach
from the roomwhile other paticipants do not mind leavinthe flat to take the separated waste
to receptacles located severdbbrs away. It is tbrefore vey likely that other factors than the
physical distancef residents from the receptacles might be contributing to recyclictpas. It
could well be thasome residents find it more uncomfortable to leave their private sphen this

case thai rooms, b dis@rd of recyclable waste such as paper or tin can.

CKS 02@S | aadzyYLJiAz2y Aa LI NI A& duiker ofiverySLEN&E SR 08 NB 3
that residents who reported recyclings uncomfortable were describing the scenario of leagin

the room- their private space, to use the recycle bins frore Kitchens- which is a shared space ,

while residents who were comfable with recycling were desbing the scenario of leaving the

kitchen - the shared space, to take the separated wastdside tre flat - which is also a shared

space. Another supporfor the same assumption is that even though some residents do

acknowledje the closeness of the kitchéinsfrom their rooms, they still report lack of recycling

since they only have recyafjrbins inthe kiichen but not in their rooms. Although they do tho
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explicitly mention the issue of leaving their private space or itempial impact on recyclinghhe
fact that they acknowledge the short distance between the kitchen and their room icahéext

of recycling but do not practice recycling in the roorande considered a potential support for
the assumption that the reassue is leaving the private ape raher than the distance of the bins
from the actual location of residents in the aoccmodation. In the very same scenario, since
leaving the room righafter the waste is generated seems to feel uncomfortable for resisient
just as accumulating recydtle waste in the rooms until it is taken out in the kitchen, residents
seem to discard t& recyclake wade in the only bin in their rooms which povided for general
waste. Further support for the above assumptions arandr from the results of the quatitative
study where the group comparison of recycling frequencies show that studentsredide in
rooms equipped with recycle bins recycle sigrdfintly more often in their rooms than those
without a recycle bin in their mms Table23. ANOVA test for Recycling frequency by presence of
bins in rooms). Although tke above findings mvide some support for the assumption of ingst
further research is needeb better understand which factor, proximity or privacy may be related

to recycling in sident roons.

Architects report marking the location of waste receptaciehile verifying ttat the distances of
the receptacles from diérent areas of the accommodatn areaccording to requirements, in this
case BREEAM ( I NJBR.10Bustanéble waste management and recyckhgNevertheles,

the distance of the recycle bins from studegooms is not reported to bexamired in a way that
supports resdent comfort needs. What might be considered proal by defgners, can be
experienced as distant and uncomfortable by the occupants ugiegbuilding. Furthermore,
accommodating recyitig bins in student rooms andnsurirg that residents do not have tedve

their private rooms to discard recyclable wascomfortably is not reported to be part of

i oA =
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However, the current datguggests that supporting occupant comfort,thvan terms of having
the binsin ocawpant perceived proximity and terms of not needing to leave the private space to
recycle,may be significant in attaining higher recycling rates. It also suggests tila¢fistudies
might be needed in better undet@nding which factor whetherhe proxmity of bins or the
availability of recycling facilities in the private space ntighe more conducive of recycling
practices in student accommodations. Nevertheless, camgid only the current investigation, a
simpleguideline might already be ailableand viable, that is: equip accanodation rooms with
recycling facilities, to likglboost ocupant comfort and recycling in the hundreds of thousands

student accommodatiomooms.
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7.3.4.4. Conclusion

Out of the needs of comfortease of use and hygienesigificartly related to prevalerce of
recycling behaviows - architects only discuss supporg occupat comfort in the design of waste
management systems of sustainable @menodatians. Therefore, the present study advocates
that integrating ease of use anlygieneneed supportive aspects in theesign of the waste
management facilities could sigicantly improve recycling in sustainable student
accommodations. Furthermore, the wastmanagement related comfort needarchitects
provisionfor by design seemsat to be nuanced enough to fully support thgpe of comfort need
residents would necessitateotrecycle.Thus, better understanding and supporting occupant
comfort by design could potially generate more prevalent recycling ptiges in student

accommodhtions.

Furthermore, the study also revealsat recycling is a process touching upon sevegratss of lhe
accommodation from student rooms to kitchens and dining areas to the wadlecton points
outside of student flats som@hes outside of the builithg. Tterefore, recycling behaviour has to
be supported throughout the whole process by the @gs of thefacilities in order to achieve a
desirable final outcome. Ensuring easy to asel clean recycling facilities in the kitchemgght

not be enough if he roons do not accommodate recycling. Simija welldesigned indoor
recycling facilities mapot reachtheir overall goal if waste separation does not happen at the
outdoor recyclingfacilities. Thus, understanding the most inm@nt stages of recyclingind
suwpporting recycling at each stage inetldesign might better promote recycling in sustiie

student accommodations.

It is also apparent that the design of the waste bins asgirgeed design objects in the built
environment is not part of architeck Q da3Achitects might go as far as icaling the
designated location of the waste bins @heir plans, however they do not get involved in the
actual design of bins where tHeatures potentially supportingase of use aridr cleanlinessare

decidedupon.

Additionally, he responsibility regarding thdesign of the recycling receptaclesofien in the
realm of object designers while the commissioning of bin and their locatwerts to the
operators of the accommodationsince they are the onesvho dedde, commission]ocate,
maintain and occasionally replace these objects. Thereforebdost recyling, the effort of
several actors involved in the design, purchase and maamtea of recycling facilities needs to be

synchronized and consistent itheir support of occupat needs.
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7.4.Potentially mismatched affordances
This chapter discussed Wwdar occyant perceptions on the ways the sustainable accommodation
sways their environmatally significant behaviours is being antaigd or matched by arch8 O i & Q
intentions to syport sustainable occupant behaviour. However, some design features the
architects utilized as promoters of sustainable attitudes and behaviours captured in Ghépte
remain unmentioned by the occupants dugirthe interviews. Sincehe occyant interviews
preceded the architect interviews, the available occupant data canngla@xwhythose features
went unnoticed by occupants. Nevertheless, a reflection aboutuhéerlying reasons for these

potential mismathes can be attempted basl on he circumstantl data at hand.

In Crome Court, for instance, despite the architect miten to sgnal the sustainable character of
the building via a sizeable green wall on dagade, occupant accounts remained silentttus
feature. Since theasearcter had alreadyoticed the green wall on an initial site visit wieéfore

any occupantnterviewstook place, was aware of its presence and presumed the design intention
behind it. However, seeing that participants do notention this feature at &) the researcher
posel direct questions on it, which revealed that residents were unawar@é®feisterwe of the
green wall. Further prompts revealed, that participants never usecetiteance where the green

wall was, instead thy accessed the buildinigom arother side, patially explaining the mismatch.

Similarly, in Daniel Defoe Hall, the atebt installed suspended bicycles as exterior decorative
features evocative of sustaindity. The same architect went further and dgised a courtyard

which acommodded a hub for éldable bicycle rental, a thematic shop selling and repairing
bicycles, ad a themdic coffee shop to lure residents but also visitors into the area, and to
adverise and initiate the sustainable transportationode of cycling. Desgitthe &N KA G S O
intention and their stated belief that this hub is a building feature thaeslmot ony increase
awareness but also encourages sustainable cycling behaviour, nahe ofterviewed residents

mentioned any of theefeatures.

There mightbe seweral explanatios for these apparently flagrant misalignments. First, it was
observed duing sitevisits, that the passageway where the decorative suspended bicycles had
been plaed, was little frequented by residents or itass, and the main entrace wason the
other dde of the building. This may partially explain why occupants did nottiorerthe
suspended bikes. Furthermore, based on the discussions with the accommodatividgrs) the
bicycle repair shop and the cafeeve never completed. It @uld be that without those facilities,

the hub remained less appealing and inviting for batsidents ad neighbours alike. However,

this means that a misalignment between design mien and occupant response cannot be
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claimedsince completing all featres ofthe building asign was outside of architect agency.
Finally, the architect interviewonitains pasages of already solved challenges with the bike rental
scheme operating in Daal Defoe Hall. One of those challenges wasutta small number of
bikes beiry misappropriagd. This suggests the Sherlockian conclusion that the bike rental scheme
was beingused by residents, despite occupants not discussing it in the interviews. Gtesref
complete misalignment between the bikental facility related @sign ntention and ocupant

sustainable transportation choice can be cautiously dismissed.

A further potentially plausible explanation for all the above apparent misalignments coulldabe
when occupants are asked about the binfglin general and the wéous dements of thebuilding
supporting or interfering with sustainable behaviours and susthie usethey mostly speak of
interior design features. They talk about how they useitlieoms, the communal areas, how
they use thelights, how they heat owentilate their rooms how they use water for various
purposes or how they manage waste. Imtrast, they rarely talk about the exterior, the envelope

of the building or the areas arfdcilities surrounding the building.

The firal apparent misalignmenbetween design intenton and occupant recounts this section
discusses, is presented by the egpd CLT wihextract in one of the corridors of Crome Court.
The intention of the architeécwas to signal the sustainability commitmeaf the building by
showcaing the structure ofthe walls otherwise invisible to residents, accompanied by a short
text detailing the sustainable materials and features used in the building. Despite theseseffort
none of the interviewed residents mentioradng the description oindeed noticing the vall
extract. When the architect was asked what they thought could ber¢ason béind that, they
NEO23yAT SR G(KIFd RS&LAGS (K Bachidideziyn, m@dinfdrmhatiaR | 6t S O2 f ¢
and collaboréion would have been needl to make the designfeature more noticeable.
Additionally, it became apparent during the wdlkough d the building that, the wall extract
was placed in an area less frequented hydents, next to the staircase which basedamecdotal
evidence was falesspopular than tle elevators. Therefore, besides consolidating knowledge on
how to make dsign featues more noticeable and digestible for the student population,
understanding howresidents would use the building, might beghly desirable to make dggn

features showcasig sustainability noticed.

While it would be fascinating to understandwi@nd moreimportantly why some design features
intended to support sustainable behaviouemained unmentioned and potentially unnotiddoy
occupants, based otihe evidence collectedn the present thesis, the researcher only ventures to

make the above gesses. Nesrtheless, a future study that collects occupant feedback based on
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known architet intentions, would be an excellent complemén the investigationsnicorporated

in this thesis, and would allow a bettdounded explanation of the apparent miggiments.

7.5.Conclusion of thecomparative analysis asgnthesis
The comparison oDccupant ad ArchitectFNB tables revesithat where arditectural intentions
are aimed at supporting ocupant needs and sustainable occupant behaviours, sustainable
behaviour may be moe prevalent since occupants perceive the accommodations afford
sustainable use &iwellsupported occupant needs. However, whearchitectural intentians to
support occupantneeds and sustainable behaviours are missgugtainability of occupantise
likely remains unencouraged or even deterred. Hence, the first major oppoytufadt
improvement in sustainable accommodationsign § the perseverancef archtect intention to
support occupant needs and sustainable behaviours by design. Howehde peiseverant
architect intention may be a necessary condition to evolve behaviouralaisadility of
sustainable accommodation#, may not be enough. Thetudies supporting thissynthesis show
that architectural intentions may be curtailed by areltits limt of agency overtheiré projects,
since multiple external circumstances such asntlrequirements, budget constraints, oven
sustainability certifcation processes, mayniit design intentions and decisions. Therefore, this
thesis argues thaobstacles and curtailments to existing architectural intentions to support
occupant needs rad promote sustainable behavioyrsnay needto be annulled via polig

recognition of occupanneed support in promoting sustainable use in architecture.

The deeperanalysisof the overlaps of the Occupant and ArchitdeB tabledurther reveals
additional, granular opportunities for improving swshable occupant behaviou Theg
opportunities areconcerned with the detailed understanding of occupant needs in trdext of
a specific behaviour and support for those needs via design. More specificailg found that
there may be differences imuances to how architectsconsicer the occupant neesl and
behaviours should be supported by design, and occupaptesed need spport conducive of
sustainable use. The thesis argues that using the FNB tablesi@maethodology of building and
comparingFNB tab#s may provide ahitecture with a tool to dentify the differences in nuances,
and consequently integrate int@ractice a occupant perceptioimatching understanding of

occupant need support potentially aidy behavioural sustainability.

By identfying the above opporturties for improvement, thepresent chapterachieves its major
goal to answer the third researdjuestion d this Thesis. The following Chapter will discuss how

the findings of the investigains integrate with the current literatureand wtlat are the furthe
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questons and paths forurther investigation that were found during the quest to answer the

questionsof this thesis.
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8. Discussion and conclusion
This chapterstarts with the restatement of the research aim anthe theoretical stanceof the

thesis It further reiterates on the research questions and shdwsv the researclyuestions have
beenanswered andorovidesthe summary of the resultsAdditionally, it presentfhiow the study
supports, complements or contradicts the existig knowlelge base and highights its
contributions to research, methodology and practice. The chapter then considerstrénagths
and limitations of the thesis. Finally, recommendations for future work are presdrdéate the

concluding thoughts.

8.1.Aim

The presentstudy developednsighton how architecture, materialized in sustainable buildings
might shape environmentallyelevant @cupant behaviours and building interactions, with the
overall aim to fill the knowlége gap and feed information back to aitelcture to further the

support of sustainable occupant behaviours by sustainable building design.

Knowledge was develeo by relyng on the desigiiamiliar concept of Perceived Affordarsce
(Norman, 2002)adopted into the context of sustainablbuildings and sustainéb behaviours.
The concept of Perceived Affordance suggests that susti@rabldings may suppt sustanable
occupant belviours and building intections when occupant perceptions on how the
sustainable building affords sustabia behaviour i.e.épercaved afordances, match the

oA X A

affordances. Hence, t& aiddzReé RS@Sf21LJa AyairdakKa 2y 200

s oA = 7

sustainable building afford sustainable bekiurs, SELX 2 NE& | NOKAGSOGaQ
sustainable behaviour aidesign, and finallgompares2 O O dzLjpestepth By & ¢ A G K | N
intentions, the dperceived affordancewith the ddesigned affordanag to identify mathes and

mismatches betwen thetwo.

8.2.Answering the research questions

The initial questions of theesearch were answed as folbws:

8.2.1Research Quésn 1

How do occupants of sustainable student accommodations perceive the building affords

environmentallysustainable behaviours ahbuilding interactions?

The Occupantinterview Study generatethe datagrounded new theoretial undersanding that

occupnts perceiveahat sustainable buildings afford sustainable behaviour when their needs are
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well-supported by the design feature§ he stidy found that in cases when occupant needs such
ascomfort, contrd, privacy, ease ofse andhygeneare perceivedo be supporéed by the design
features of the sustainable building, occupant behaviours, sudhylatsuse,heating, ventilation
waste maragementandrecyclingmay be more environment friendly. In contrasthen occupant
needsare percéved by occupantto be missed b not supportedwell-enough by the design
features of the sustainable building, their behavieappear to be less emenmentfriendly. The
findings compiled into a newly developed Featiteed-Behaviour tablemakes the relationship
betweenbuilding featues, occupant needs and occupant behaviours easy to follow. Additionally,
the most prevalent elationship from the FNBable are tested and corroborated quantitatively
through the OccupantSuney Study further higlighting the statistically gnificant reationships

between the design supported needs and the sustainability of behaviours

8.2.2ResearclQuestion 2

How do archiects of sustainable student accommodations intend to support sustainable

occupant behaviours ath buildinginteractions by heir designs?

The Architect Interview StudNB @S| f a dssodiakohgidd dedign @eature integratedain
sustainable accommod&ins wih intentions to support a broad range of environmentally
sustainalte occupant behaviosr and builing interactions.Cyaing, taking the stairs, reducing

energy useor preventing litteringare a fewto mention.

Besides thentention to design thebuilding in a way that affords theustainablebehaviours,
architects alsointend to raise awaness by arious design eleents integrated into the
sustainable building to promote positive, sustainable attitudes and eventuallylitdeei

sustainable behawurs.

Furthermore, the findings also reveal that although not always eoted to sustainable
behaviours architects do itend to support numerous occupant need¥he most prevalent
occupant needs design features intend to suppadcording to this studyare recognisability,

information and feedback, availability, attractivesesase of usegomfat and control.

Additionally, it was found thatarchitects do not always have full agency over the design but must
comply with other faces, such as client reqaments or safetyprocedures In those cases,
although architects have #intentions to suppd occupart needs, their inéntions might be

ocensored in the final design.
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Finally, the study develops an architect intentibased Eature-NeedBehaviour take with a

structure identical to the FNB table based on occupant data,mgake data sets coparable.

8.2.3Researcluestin 3

How do occupant perceptions compare with artddt intentions and what are the good
practices and the oportunities to better afford envronmentally sustainable occupant

behaviour by the design of sustaable student accommdations?

The comparison of ccupant and architect data, facilitated by the rgwdeveloped FNB tables,
allowed the identification of gap and overlaps between ¢hmost prevalent needs occupants
mention to be vital to be supported by dign featuresin order to use the building in a
sustainable manner and how the support of those Re@ A & LINBaSyid A yThd NOK
juxtaposed ocupant and architect dathasedFNB tables show that while the needsaoimfort,
controland ease buseare present irarchitect) | O Oivdry @ndhygieneare missing from

I NOKAGSQGaQ | ISyRI

Furthermore,when architect intentions include occupamteeds occupant perceptins seemto
be more balancedndmore on the positive sidesith potentiallymore sustainable bedviours On
the other hand,n cases when architect intentions are obliviodsoocupant needshe occupant
perceptions seem more likelto be skewed towards a ame negtive spectrum, potentially
leading toless sustainable occupant teams. This means thaincluding the most prevalat
occupant expressed nee@y | NOK A (i $18yiba Keytoltha Bejiavibural sustainability of

sustainabé accommodations.

Nevertreless & A YLIX & Ay Of dZRAY3I (KS ySSRa 2 enodydoA (i &
promote sustainable behaviours. Occupy G a Q yS3AF 1A GBS LISNODSLIIAZ2Y A
overlapping areas such a®mfort or control, indicates i@ 0 | Yy OS & ¢ K Sipfentiond,O K A
Ff §K2dAK LINBASY(s R2 y2id Yling6ri dedpelufers@rdifydeld v i

those occupanheeds by architects.

Additionally, the cases where the limiters of archite€sgencydcensok architect irtentions to
support occupnt neals and2 O O dzLJpeytéptiofs echo the restricted support of needs,
indicate thatarchitS O &gerty to support need should be extended. This agency extension could
be facilitated by policypatronageof need support or bynicluding need support imdustry-wide
certification schemes such as BREEAM that may incentivwadogenents to be moreonsiderae

of occupant neds.
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To summarize, the overlaps between thecupant FNB tables and architect FNB tables highlight
areas whee good architectural prdices &ist, and improvements ray be a matter of finduning
architectural knowledgeor extendng architetural agency. Carersely,the gaps between the
tables show areas where seems to be a dire necessity for architeciomaideation andgood
support of occu@nt needs and a significartiut as ofyet unexplored architecturd potential for

improvingthe sustainability ofoccupantbehaviour patterns.

8.3.Contribution to knowledge, methodology and practice
8.3.1Contribution to knowledge

8.3.1.1. ArOKA (i S i6fiiedzi &kiznan lifeand sustainable behaviour

As mentioned in Section 2.2 of theterature review chpter, there are many studiesn how
architecture might shape a multitude of behaviours, starting from heedthted behaviours, to
wayfinding, fromsocialinteractions to crime preventiorfCrowe, 2000Gehl, 2009; Kopec, 2012;
Sternberg, 2009)Nevertheless, there is very scant research on how architechight shape
environmentally sustainable behaviours. The present thegiducesthe knowledge gap ah
suggests that sustaable belaviour supportivearchitecture is also need supportive ar@ature.
In other words sustainable architecture supports sainable ocapant kehaviours when
occupants perceive their needs are well supported by the buldind its features. @versely
the thesis also i@ues that architecture thais obliviousto supportor fails to adequately support
200dzLd vy (i & Q dS mighiNdadité ubdistaihdbl behaviours.iSipotential dual influence
of architectureon sustainable behavio resonaes well with earkr architectural studieswhich

suggestedhat while architecture has the potential tnhance human life, imay also lesen it

8.3.1.2.  Sustainable buildings promoting sustainable behaviour
The thesis adds to thecant and often contdictory huilding science ath social science studies
that investigate wether sustainable buildings promote sustainable behavigfmszi & Wilkinson,
2015; Bernet al, 2014; Clarke, 2013; Kagd al, 2010; Khashe et al., 2015; Pilkingtdral,, 2011,
Williams & Dair, 2007; Wat al, 2017) The present findigs siggest that the answer is more
nuancedand lessdichotomous, andsustainable buildingsight support sustainable behaviours

when occupant needs are wallipported by the sustainable buildidgsign

Furthermore, since the abovanentioned studies aremainly investigating more abstract
characteristics of sustainable buildings such as occupant knowledge on the certification of the
building, the preent study stands ouby placing the physical environment, more specifically the

physical design featesof the sustainable building into the heart of the investigation. The closest
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study found was performed by Willianm®Villiamset al,2010)who quantitatively investigated the
relationships between the physical, built environment and sustainable behaviours, and concluded
that while the presence of some features in the built environment might be related to certain

sustainable behavioursthersless so

The present research complements Willigdn#esults. On one hand, it complements it by
concluding thatthere seem to bestatistically significant relationships between the physical
features of the building and sustainable occupant behaviours. However, the present findings go
beyond purely identifying relationships between the existence of features and sustainability of
behavious (Williamset al, 2010, and finds that the relationship seems to be shaped by the
perceived support of occupant needs. More specifically, when occupants perceive their needs are
supported by design, they are more likely to exhibit sustainable behaviours. Furthermore,
Williams concludes the built environment has limited potential in facilitating sustainable
behaviours and identifies behaviours that can (energy and water use) and cannot (recycling) be
facilitated by the physicanvironment and its featureéWilliams et al, 2010)Neverthelessthe
present thesis arrives to aather different conclusion and argues that there might not be a
restriction on the type of sustainable behaviours the built environment and its features may
facilitate but the successful support of the sustainable behaviouldbe dependent on the need
supportive quality of the design features in the built environmdntother words, it is not that

some sustainable behaviours can be supported by design features of the built environment while
others cannot, but itis the need supportive quality of the design that may sway whether the

behaviour will be more, or less sustainable.

8.3.1.3.  Design for Sustainable Behaviour

The idea that certain qualities of an artefact may sway sustainable user behaviour has been
extensively exjored in Design science as shown in Section THe field concentrates valuable
knowledge on how people use various artefacts and offers strategies to support sustainable
behaviours by the design of those artefacts. Howetlgesestudies mainly focus on independent
objects and specific behaviour they shape rather than multiple, potentially interrelated objects
coexisting in a building and on their concerted effect on sustainable behaviours. Furthermore,
these studies alsdo not include characteristics specific to architecture, such as the orientation,
light levels, thermal environment, or floor level of the building and how those may shape

sustainable behaviours.

Thus, the present study can be considered as a contributathe field by adding the building

scale on its palette and showing how the elements and features integrated in the sustainable
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buildings shape sustainable behaviolirfinds that design features such as windows, although
may be considered as single ebfs that allow daylight in rooms, together with other design
features such as shading devices, floor level, furniture arrangemaart) wall colours, staggered
design influencing shading from adjacent buildings, or pedestrian path distances to windows may
haw a oncerted effect on perceived need satisfaction and sustainable light use. Hence it
underlines that when sustainable behaviour is desire@ Bustainable building, architects may
have to consider multiple design features and their relationshigl hawv those together may

support occupants in using the building sustainably.

Thepresentfindingspartially alsoresonatewith a core ideaf Design forBehaviourChange that
sustainable user behaviouuld be shaped by strategies ranging from enablingrestricting
actions and by making the actions easy or difficult for the (Nexdderer et al., 2014) While the
present thesis agrees that makj sistainable behaviour easy and enabling use is supportive of
sustainable building use, iejects the viewthat by making use difficult and restricting action
could al® be sushinable behaviour supportive. In fadhis thesissuggests thatmaking use
difficult and limiting user control, may be a good invitation if notparfect recipe for
unsustainable behaviours and building interactions. The present thesis shatvgtcaes when
occupants of sustainable accommodations find use diffiaxliack control over the features of
their environment, they try to regain that by not using those features or not using those in an
intended, sustainable way, hence potentiallydermining the sustainability of the building. Hence
restricting control, omaking use difficult, although it could work with other types of behaviours
or on object design scale, it seems to work against rather than for sustainable behaviours in the

context of sistainable buildings.

The revelation thaneed supportive desigis likely environmentally behaviourally supportive in
the context of sustainable accommodations is an important finding for sustainable architecture
and for architects who wish teupportsustainable building use by their designs. This finding could
not have been deduced from simply exploring the design strategies relevant for sustainable object
use. Therefore, the present study provides understanding but also a way of thinkiagchiteds

who wish to better support sustainable occupant behaviour. feking pattern ofésupporting
occupant needs by design to support sustainable behaviooray even be considered as an
extension of thedArchitectural lensg design patternsleckof Dan Lot @ 2 §D€s@n With Intent
Toolkit (Lockton, B13).
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8.3.1.4. OcupantNeeds andnvironmentallydgnificantBehaviour
Section 2.5 discussed understanding adnvironmentally significant behaviours andtheories
explaining ESB. Theectionsbelow show how the present thesisontributes to this area of
knowledge and what theoretical and empirical contributions it makiesluding thoseto the

Desigradoptedform of Theory of Affordances.

It was shown howthe literature of sustainable behaviours identifies moderate resource us
actionsas curtailment behaviours associated with a significkatrease on occupant comfort and
quality of life However, the present thesisbased on its novel and original findings that
supporting occupants needs foomfort, control, privacy, ease o$e aml hygieneby design is not
working againsisustainability butinstead might bea prerequisite for enabling and supporting
sustainable us of the sustainable accommodations, comes to a differing conclusion. The thesis is
hence sceptial about the vidility of curtailment actions when comfort and other needs are
diminished and argues for an alternative paradigm where sustainable behaviufacditated

via strong design support for occupant needs.

A glimpse on the intetwined nature of occupant reds to

be supported in order topromote more sustainable

occupant behaviour in sustainable student accommodati
is also provided inthé& / 2 Y LI NI G A @ Synthegis e

=3

chapter of this thesisFor irstance, it argues that lack of

design support for pvacy need in private spaces, such & \
student rooms, may thwart the best design intentio
meant to support visual comfort needs, eventually leadi
to increased and as such unsustainable daytime atific !
light use. Figure105. Trickle vents.

axL FY 3SGaGAy3

While satisfaction of occupant comfoneeds have been sk

extensively investigated in relation to perceived indo
environmental qualitiesAl horr et al., 2016; Frontczak
Wargocki, 2011Huanget al, 2012) their investigation in relation to sustainability of occupant
behaviour constitutes uncharted territory the pras study entered. In addition, the research
quantified the explanatory powerof need satisfaction by design on the vagan of
environmentally relevant occupant behaviour, which to the knowledge of the author was not

quantified before.
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8.3.1.5. Needs and\ffordan® Theoyin sustainable architecture

The findings of the present thesis resta with the PerceivedAffordances concept deeloped by
DonNorman, suggesting that an artefacin this case the sustainable building with its features,
may afford an action orit - in this case sustainable behaviours, if the occupant perceives the
gualiies of the artefact enabling that action aifcthe user is able and capable of performing the
action. Conversely, actions may not be afforded by artefacts when the action |gossibhe
object is not perceived, or when the capabilities and abilitiethefuser donot allow the user to
perform theaction. For instance, the present study finds that trickle vents in the accommodations
do not always afford sustainable ventilatiomaptices since these are hidden from view and
therefore cannot be perceived by the occupsnbccupants do not recognizs function, or they

recognize its function but do not understand how to uséSeeFigurel05)

Nevertheless the present research revesathat there is more to affordances than just perceiving
the qualities of the feature that eables the intended use and the ability or capability to perform
the intended action on it. It suggests, that whether a binidgdfeaure affordsor not the intended
sustainable use, might also be shapedhoy occupantsperceive theirneedsare supported by
the designfeatures. For examplet may not be enough fooccupantsto perceive the daylight
affording qualities of the window of the roomsand have the abilittand cambility to use the
window in a way that allows daylight in the room, but the windowoahas to be perceived as
affording support of visual privacy. Otherwise occupants likely resort to using the windowsis a le
dayight supporting way by shuttinglackout blinds and turning on artificial lights. Hence, in this
case, the window does notfafd visual privacy and therefore the same feature does not afford
sustainable daylight use for occupants. Conversely, tindowsbetter afford sustainable daylig

use when visual privacy is perceived to be supported by the same featuicAs the theis
argues that besides theperceivability of affordances and the abilittand capabilityof the
occupant, the perceived safactian of needs, such as visual proya might also be pivotal for the
architectural desigrio afford sustainable use-dence the gstainable behaviour affordances of

sustainable accommodations also incorporate perceived support of occupant needs.

The identification of occupant need support aistainable behaviour affordances of sustainable
accommodations leads the thesis to discubge topic under the newly constructed, data
grounded FeaturdNeedBehaviour framework. Additionallfhe FNB frameworlbetter reflects
the occupant way of thinkingwhile phrasing the issue in tesmof affordances is more
representative of designers, antd thesis argues that approaching the matter primarily from the

occupant perspective could lead to better, more sustaindddbaviair supportive design. Hengce

264



emphasising on the need support of the features and phrasing it in the framework of FNB seem

more representativeof sustainable building feature use and sustainaldeupantbehaviours.

Furthermore, Perceived Affordances in treir usual form are user perceptions of how to use a
specific artefact. Hence, they represent behaviours the user thinksahaeyperform directly with
the specific artefact, and eventually may perform with Ssmeartefact. There is @ne-to-one¢
relationship between the artefact and useHowever, he present study finds that the case of
Perceived Affordanceis the context ¢ sustainable buildings and sustainable behaviours is more
complex than the case d®erceived Affordancem individual artdact use. First, there may be
multiple artefacts involved in the relationship rathiéeran one specific artefact. Occupants of the
sustainable buildings perceive their environment as composed of multiple design features, that
together may have affmlances.Hencethere is admanyto-onet relationshipbetween features
and the occupantFor instance, in the case of windows, the windowlitsgay be a core design
feature or artefact that allows natural light into the room, however how far it is perceiee
support ocaupant daylight comfort need or privacy need may be influenced by multiple other
design features of the building such as ftuné arrangement in the room, colour of the interior
walls, shading devices, floor level, shading from adjacendlings orproximity of walking paths,

to name but a few. These together are perceived to afford sustainable light use.

Additionally, the ingraction or behaviour afforded by the design features may occur with design
features potentially different from th@nes thd are engaged with supporting an occupant need
For instance, where the room windows are not supportive of comfort of daylight,pacits do

not turn to windows for more natural light but turn on artificial lights.

Conceptuallyreducing the pletbra of design fatures that afford sustainable behaviour to the
concept oféfeature clusters and labelling support of occupant needsca$fordanceg would still

lead back to the sameonceptualrepresentation as in case of perceived affordances of an
artefact. Havever, in the study of sustainable accommodations and sustainable occupant
behaviour the more complex representation and the FNBeatlows a better understanding of

the topic.

In terms of empirical contributionthe present thesis also exten@sirlier enpiricd knowledge
generated by studies adopting the conceptual framework of Perceived Affordgimman,
2002)in investigations of sustainable building&/u, using a similar affordance based theoretical
stance, investigated how sustainabbeiildings act ascommunication channels of sustainable

messages with the potential effect to promote sustainable attitudes and tenadly facilitate pro
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environmental behaviour@/Nu, 2016) Their studyfinds that green buildings may afford increased

awareness on the sustability of the building. However, their results did not have the

opportunity to shed light on whether or how the same buildings afford sustainable occupant

behaviours. The present sly complements this understanding and suggests that sustainable
accommodésons afford sustainable occupant behaviours when occupants perceive their needs

are catered for by the design features of the building. Additionally, the present study juxtaposed

ocaipant perceptions with architeghtentions> Y G4 OKA y 3 2 dzQsiforNtBréO@KY Sy R G A 2y
who, 6 &SR 2y 52y b 2 ddkiowl€ged theNdeddYTSryuiderstanding how

architects encode sustainable ideas in their design and how occupants ddoosk ileas and

perceive the design affords sustainable use.

8.3.1.6.  Not so missnatchedaffordances
The present research complements but also contradicts earlier studies suggesting that
architectural failuresnay likely beresponsible for the sustainable buildingst being used in an
expected, sustainable way, also called the mismdietween the expected or designed and
actual or real use. Morspecifically, as shown iBection 2.6it is oftenimplied that the reason
behind theinfamous mismatch is that architectsay not knowor careabouthow occumntsuse
or may want touse the buildingsAs a response, occupants often readjust the features of their
environment, and proceed to using the build according to their motives andesires, which

may result in unsustainable use.

Although the abovementioned gudies might bear some truth with them, none of them considers
architects intentions. The fact that occupants are uncomfortable with the use of certain building
features and aa consequence they readjust those to their needs and wastknowledgevalidly
generated from occupant data and actuduilding use. However, making assumptions on

I NOKAGSOGAaQ (y2et SiRADCCUpsnR usizgnd SvanEtaiuse/tie bylding and
hypothesising thagrchitectsmight not have the knowledge or thiatention to support that by
their design without collecting architect datas beyond what can be concluded based on

occupant data solely

The present study complements the abewventioned studies by bringing first hand evidence on

-

FAFAyad GKS 200dz2d yiQa LIS ND Sually suppbried. The findiggs, ( K2 a S
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however, contradict earlierstudies by showing that although there are opportunities f
improvement, architects overall understaretcupant needs and wants aadso intend and often

manage to successfully suppohtet intended sustainable behaviour. Hendthe architecé might
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not be that unknowledgeable and indifferent towardsaupar needs and might not always fail in

supporting the intended, sustainable behaviour as earlier studiag haveassumed.

The presentinvestigations show that architects do cater for various occupant needs such as
recoquisability, information andfeedback, avaiability, attractiveness,ease of usecomfort and

control, and design for specific sustainable occupant behaviours, as presen@whpter6, which

Ad I YI22N) O2yGNROGdziA2y G2 (1y26ftSR3ISP CdzNI K
occupai Pe&ceptionsin Chapter 7. shows good overlaps in the are& satisfyingcomfort and

controlneed which are key occupaneeds related to sustainable use of the building

Section 2.64 discussed how architectse believed taconceptualise occupants as Passive agents.
Thearchitectdata gatheredand analysed irChapter6. begs todiffer. It shows that designers do
consider awide range of occupant behaviours during the design of sustainable accommodations
This implies that the acuparis ae considered by architects as acting and interacting agents

rather than passive agents.

The fact thatcomfort and controlseem to berelatively well-supported by architects and often
linked to sustainable occupant behaviours which are alsmihte © be supported by architects,
suggest that the gap between the designed and actual comfort and the designed and actual
comfort related behaviour is roso yawning as Section 2.6 may suggestWhile the study
supports the assumption that the gap beten designed and actual comfort can lead to
unsustainable occupant behaviours, it argues that the mismaitch is not as big as it was suggested.
Furthermore, he study also brings evidence that tlkemfort or control related gap, where it

exists, is not necssrilycald SR 68 Fl dzf G& | NOKAGSOGdzNI £ RSOA:
agency over their desigrmsits limits, and it is not that archétts do not understand or intend to
support the right comfort and control needs but they cannot soipthose to their best
knowledge due to constraints such as client demands. Hence, it is suggested that in those cases
the gap between the architect desigd and occupant perceived comfort to be rephrased as the

gap between the client required and occupaerceeived comfort.

While the above may absolve architects from the beli¢givat they do not intend to support
occupant comfort, the study also found gapstween architectural intentions and occupant
perceptions on the support of other prevalent occupaeiedssud asprivacyand hygiene More
correctly, these needs wereompletely missing N2 Y | NOKAGSOGQa | 3IASyRI ¢
shortcoming in ddgn that aims to be supportive of sustainable behaviour, it would be

unreasonable to say that archkitts d not intend to support these needs. It is more that

267



architects do not necessarily know about these occupant needs, and as such the study argues that
08 AYyUiSaANrGAy3d GKAA 1y26fSR3IS 2y | NODKAGSOGQa I 3

(p))
<
pu

suppated by the architects in their designs could significantly improve the behavioural

sustainability of sustainablegccommodations.

The present study also oglementsearlier studies mentionedn Section 2.6.2with its findings

related toease of use9 NI A SNJ addzZRASa adz33aSad UKintdntionskS YA &Yl GO
YR 200dzLJr yi Qa LISNOSLIiA2y YIlIeé& 0SS RdzS (2 G4KS AyONBl!
not comprehend. The present research corrects thssmption by evidencing a design ampt

also suggested by Don Norman: that complexity does not necessaniyy lack of

comprehension, just as simplicity does not automatically mean that the users understand how to

use certain features. In thpresent study, the case of the tricklgents on the room windows of

two accommodations shows that although these objects look very simple and thegtwere

reported to be difficult to recognize and unclear how to use. Hence, No@rideas that what is

important is that the designe@oncepi dzl f Y2 RSt 2@SNI | LJA 6AGK (GKS 2 00dz.

the system image which in this case is the trickle vent are further underlined by the study.

8.3.1.7.  Architects engagement in sustainability practices

Finally, the fidings complement knowledge in the are2 ¥ I NOKAGSOGaQ Sy3l 3asSysS,y
sustainability best practices such as adoption of sustainable design me{hgasagh et al.,

2016)or commitment to perform Post Occupancy Evaluati¢@tark, 2015; Hay et al., 201T)

suggests that catering for occupant needs and aiming to promote certain sustainable occupant

attitudes and behaviours is not a completely foreign concept to architects and ibmayrsued

to various lengths diung the design of sustainable accommodations. This identifies a glimpse of

hope for developing and integrating sustainable behaviour supportive design practices in

sustainable architecture, complementarily to the integoatiof sustainable technologies.

8.3.2Methodological contributions
The thesis puts forward the idea that the newly developed FNB tables and the process of

developing the FNB tables may constitute a significant methodological contribution for the study
of sustairable occupant behaviours in sustable buildings. On one side, it allows capturing
occupant perspectives of how¢ architecturalspace is perceived to sway sustainable behaviours
whichA y ( KS | dziiklanyXé mad dktghiig yesear@n the other hand, iallows
capturing arbitectural irtentions to support occupant needs and sustainable occupaiiting
interaction, area that is almost completely unresearched despite its importance in developing

behaviourally sustainable buildings. Finally, since tR&lB tables created from the
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aforemenioned datasets have identical structure, these permit a gap analysis between the two,
that may identify shortcomings and best practices of supporting sustainable building use by

design.

8.3.2.1. Applicability of the FNB Approach
Questions may ariserohow far the newly developed FNB approach is applicable to understand
sustainable behaviours in other building types, or other, not necessarily sustainability related

occupant behaviours.

First, regarding its applicability in sustaitalbehaviour focusedéhvestigatiors in other building

types, it can be theorized that occupants will have a set of needs in every building, needs that may
or may not be welsupported by the building and itedtures. In thdatter case, occupants may

act to meet their needsand their actions may result in increased resource use or faulty waste
YIEYFISYSyGs YIF1Ay3a o6dzAf RAy3a dzaS fSaa adzadl Ay
glare related visual cofart are not fulfilled by the design features the office buildng, they may

ad to reduce glare discomfort by closing off and using artificial lights; occupants of classrooms
that overheat may resort to electrical devices to ventilate and cool air;eidrdoms where
windows are perceived to permitxeessive sightlinesccupant may lose off to restore privacy

and then use artificial lights to restore visual comfort; and occupants of any building may
mismanage waste more extensively when recycle fadglitiee designed to be in difficult to find

location, complicated touse or illmaintained. Similarly, studies on thermal comfort show

applicable to discovering and understanding numerous relationships between design features,
occupant needs rad resulting environmentally significant behawr in various ¢her building

types than sustainable university accommodations.

Second, regarding the applicability of the FNB approach in investigations of occupant behaviours
in general, it is likely thathere are a multitude of occupant behaviours ahare performedin
different manrers partially depending on how far the building and its integrated features meet
occupant needs. For instance, in a library visitors may seek out quiet and adequatelydg &pac
read, and avoid performing the same adnun noisy hdk, confirming thathe design features of

a space are filtered through their needs for visually and auditorily comfortable environment and
may lead to specific studying behaviours. A classrdbat does not reduce road noise levels
suffidently to fulfil LJdzLJA f & Q acyuStl BaoinforE Stud@nts may get tired and distracted and

may exhibit a decreased academic performance. Or in an airport, travellers may choose different
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paths depending omow far the signpost are designed and placedhie space in ananner that

fulfils traveller needs for ease of use in terms of noticing and interpreting the signs.

Comparably, results of earlier EnvironmeqtBehaviour research or some health behaviour
research can also be conceptualized and intetgnt in the FNBframework. For insnce, the
Cherulnik study(1993) that identified resieénts closing doors and acting lesscially due to
diminished privacy caused by long and overcrowded corridors in student accommodations, allows
clear identification of design features single, long cordor with all rcoms opening oto it,
occupant need; privacy, and resulting socially relevant behaviqurosing doors. Similarly, the
Bassett et. a[2013)conclusionthat buildings constructed with centrally located, accessible and
aesthetically pleasing staircases are likely eamihk of more &ir use generally ansidered
healthy, also clearly Elws identifying the design feature, the occupant needs and the resulting

behaviour patterns.

In conclusion, this section argues that the FNB approach may be a suitable for invesigation

concerned wih occupant behaviowrin variousuilding types.

8.3.3Contibution to architectural practice
The main contributiorof the thesisto architecturl practice isthat it informs architects on the

importance of need supportive quality of building faeds in promoting sustainable occumt

behavious by the design of stiainable accommodations.

The newly developed occupantata basedFeatureNeedBehaviour table shogvhow design

features might impact on occupant needs and on environmentally significmeupant

behavours. Since it show relationslips at a glance, ardieicts of sustainable accommodations

may use this table to think about design features in termgotential A Y LI O 2y 2 00dzLd y i Q
comfort and welbeing and environmentally significant belour andto better consider the

potential sugainability consequeres of their desigs

The descriptive parts of the thesis on what are the nuances of occwgpamessed needs, and
how those needs are perceived and interpreted by the space users maybaldelpful to
architects. It mayhelp avoid potential mismatches Ipeeen architectural conceptualisations of

occupant needs and occupant expressed needs.

The statistical tests from this thesisallow grasping the range of improvemeim terms of
occupané @source usend recyclingachievable by wellsupporing occupantneedsvia design.
In a very practical scenario, this may help architects engaged in a budget allocation exercise to

argue effectively for desigaupport of specificoccupant needsince hose have a quatifiable
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impact on resouce intensity or on recyclinggnd hence on operating costs of sustainable

accommodations.

The comparison of architect FNB table with occupant FNB table is also informative in nature given
it shows what are the needsnd behavioursconsidered and sucsefuly supported by architects

of the studied cases, what are the needs which were although considered but not well supported
and finally what are the needs which were not considered by the participating architectgdurin
the design. Mis could help arctects identify good case scenaricend relate that to their

LIN} OGAOS&a IyR (2 ARSYydGATe OlasSa gKSy (GKS Ayl

design seeking to promote more sustainable occupant behavioegds to be reonsidered.

Overall,the present work provides an origal thinking pattern to architecture of sustainable
accommaodations to start tackling the question of sustainable occupant behaviour and to decrease

significantly the iruse environmentaimpact of sustaable buildings.

8.4.9rengths and Limitations

The orighal and firsthand data gathered from a total of 17 sustainable accommodation blocks,
the in-depth, faceto-face interviews with the site architects and numerous resident students, and
the comprehensivesurvey with 222 ocapants represent major strengths fothe study.
Additionally, the participation ofour different sites across theUK, three in England (London,
Manchester, Norwich) and one in Wales (Treforesgn also be regarded as rateworthy
sucess, and may be coidered as a significant leap towds constructing a data set

representative othe UK.

The mixed methodology, using both qualitative and quantitative approaches to understand how
sustainable accommodations might shapetaimable behawurs, allow the comigmenariness
of the dataset and @ such increases the reliability of the resultoreover, since thexploratory
inferencesgenerated fromthe occupantinterview analysis have been supported by #msuing

occupantsuney analysisthe reliability and tle valdity of the studyis increasd.

Finally,a major strength of the study lies within its mutlisciplinary nature, connecting dots
between Social sciencedesign, Building science and Architectuviore specifically it visits
psychological models apiceble to understanding sustaibée behaviour, identifies design
knowledge that builds on social science theories to promote sustainable behaviour and explores
ways this knowledge fits into current state of the art a#ginability focused Building saee and

Architectural investigatios.
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Next to the above strengthssavery PhD, the present thesilsohasits limitations.

The architect of one studied sitmuld not be convinced to participate in the study. Nevehtss,
since tle data resulting from the all sites was analysed todetr this limitation is somewhat
mitigated. Furthermore, the data provided by the participating architects is a good source of
knowledge given that the interviews were-gepth and faceo-face, lastingoetween one hour
andninety minutes, while therofessionals couldecount instances of design solutions applied in

the studied projects but also in other projects of the samudding typology

The results indicateelationships betwen the need spportive qualities 6 design features of
sustainable aecommodations and sustainability of occupant behaviour Although these
relationships have been tested quantitagly and yieldel statistically significant correlations,
correlations do ot imply causabns. Therefore, therelationships between the need pportive
quality of design features and the sustainability of occupant behaviours should be treated as
associations with poteraily other elements and factors interfering that relationstsuch as

personal views beliefsor culture.

The initial intentionof the researcher was to build a random occupant sample that allows
generalization of the findings. Unfortunately, data proiect regulation that universities and
accommodation provider must adhere to made obtaininga full residents list impossible,

preventing the researcher from building a random sample.

8.5.Recommendation for future reaech
The present thesis is a credisciplinary exploration that generated original findings loow
architecture materialized in sustainable studeatcommodations might shape envimentaly
relevant acupant behavioursGiventhe qualitative findings als performed well when tested
quantitatively, the path taken may be worthwhile pursuing in futuesearch as proposed here

below:

I Extend the range of the investigated environmentalbnsegiential occuant behaviours in
sustainable student accommodationsrass the UK;

1 Generalize the findings by constructing a UK representative sample of sustainable
accommodations and participants;

1 Assesghe usability of the FNB table during designaasiformative medum for architecturé
thinkingto support sustainableccupant behaviours by design

1 Performquastexperimentsthat test the causality of the neeslpportive character of design

features from sustainable accommodation over prevalence sofstanable occupan
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behaviour. This maprovide solid data to propose &l changes in policy and/or sustainability
certification methods (i.e. BREEAM, LEED, etat) tdcognize the sustainability benefits of

need supportive design.

8.6.Personal reflections
The vey first setof skills this PhDaught me, even before it startedyas to independently
develop high quality, relevant, and original research proposals, diayuieir merit and secure

grants which in this case were jointly provided by EPSRC anmidtshSchool of Achitecture.

Duringthe PhD, | realized that a PhD aagbilgrimage are very much alike. Firstly, during a PhD,
just like during a pilgrimage, erwill find some of the things they expected to find but also things
they did not expect atll. The many unexpcted twists and tuns can be challenging and often

give the sense of being stuck, which in case of the research process can be in the literature
review, in the methodology, or in the data gathering and analysis, to name but a few.dBgcon

the day by dayrogress made durgnthe PhD, like on a pilgrimags.tiny little, which in turn can
Srarate OKIFftSyasS 2ySQa Ydihagd, duid e PHDAjoindyf & =
alternative routes may become tempting to explore, haxetaking those mijht get the travelle

lost. Therefore, it became cleahat only by persevering, appreciating all and every minor

progress and remaining focusedll allow me to successfully complete this PhD.

Even with this frame of mind, the learnirirve was rather step. What helped mevas my
genuine passion to undergtd how architecture relates to our wedeing and behaviour, and
how it may help stir our aciety onto a more sustainable path. While, |1 had training and
professional experience in @ritedure, and stalied Environmental $y/chology, the theories and
empirical findings on human behaviours, the design paradigms concerned with ways of use, and
the body of knowledge on evaluating building performance, all reviewed in the present thesis,
were areas little expored to me, on whib | have gained a much better undéanding. Similarly,
while | had experience with qualitative research in an academic ngettthe research
methodologies the research questions of this thesis led me to, were noveida ad | feel |
achieved a good mastg of those during this PhD. In ditlon to qualitative methodologies this
now includes quantitative methods employing stéitial analysis, which | felt were incredibly

useful in testing and adding weight to qualitat irferences.

Appropriating all the ew knowledge while also making mness with the research requires hard
work with almost no time to stop. However, real pregs would not have been possible without

developing the skill to stop and reflect criticadiy the work. Whilethis might seem aan obvious
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thing to do, the contimously looming deadlines and the urge to rush and do more work, specific
for a PhD, might &sily give the feeling that pausing, and reflecting is a waste of time. In reality, it

might savetime from wolk done in vain.

The dissemination of the findings pvaded further opportunities for academic and personal
development. Presenting at confererscéelped me gain good presentation and communication
skills and allowed me to discover howjeyale of an expdence that was fome. Additionally,
conferences proded an excellent platform for understanding where my research is situated in
the context d other relevant works, and for getting a better insight on what is good but also what

needsmorework in my reearch.

In terms ofwhat worked well in this PhD, periming the occupant study before the architect
study was an inspired decision. It allowedp@stine understanding on occupant perspectives
NI 6§ KSNJ GKFyYy 06SAYy3 ebiNdolreurand viat thayIbikikioscBantd shauld A y
experience and do inhe sustainable buildings. In the occupant study, it proved to be a good
choice to perform lhe exploratory study first, given there was very little knowledge on the topic.
Here, seledhg CG as main métodology was equallg good fit, since it allowed aaplual build

up of knowledge into a theoretical understanding that withstood the followingrgitative tests,

while proving flexible enough to support capturing architect perspectives

| had some doubtsabout performing fae-to-face interviews with architets since a questionnaire
or an email interview felt as tempting alternatives due to theire effectiveness. Nevertheless, |
feel | took the right decision to perform fate-face nterviews since thee allowed building
good report with architects, andhaving a candid discussion, while giving the opportunity to

prompt for topics of interest.

For a while, it remained unclear how the occupant and architect perspectives would evandec
comparable giva the very differentpoints of view of the two actorsn buildings in general and
the studied accommodations in particular. Nevertheless, the Ipaleveloped FNB table worked

remarkably well in reconciliating the two perspectives.

On theother hand, it wasunfortunate that despite several attempts, one of theachitects did not
respond to the invitation, leaving one of the four sites unrepresented. This could have been
avoided by only selecting sites where the architect participatiad been ©nfirmed. Whie |
would still peform the occupant study first falved by the architect study, | would try to ensure

that architects of all selected sites are willing to participate in the study at a later stage.
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Beyond the above, there are gple o further elements may do differentlyin hindsight. During

the occupan interview study, | invested time in exploring the social influences of environmentally
significant behaviours. While the knowledge | gained is valuable and valid, buildlog/édthe
progress on tlk core of this studywhich is the relationship of th@hysical environment and
sustainable occupant behaviour. Similarly, during the architect interview studies, | devoted some
time to discuss with accommodation providers and siumthiity managers of the
accommodations. Whe these discussions taught me eegt deal of how the accommodations
work and what sustainability focused programmes the accommodations run, this knowledge does
not touch upon the design of sustainable accommaahsand therefore | waild probably better
control the time invested. Finallyy would persist more on building a random sample for the
occupant survey. Although, | was well aware of the value a random sample brings, it was

unfortunately impossible to hild one dueto the inaccessibility of lists bresidents.

There were a few sigiicant challenges during this PhD. Attracting sites in the siualy the first.

While | identified 15 sites that hosted sustainable accommodations, only four were willing to
participate. k could be ttat the topic was sesitive, since it was investigatifgpw the sustainably
certified accommodation was helping or hindering sustainable occupant behaviours, which may
have seemed as a questioning of their sustainability and mayha ak to the sustainabke
reputation of unversity accommodations. Luckilfyet participating sites did realize the value of

the study and accommodated it.

Attracting architects also proved to be a challenge. While the high workload characteristie to th
professioncould serveas an explanationhe reluctance to opemp and talknot just about the
successes but also about the pitfalls of past projects could be partly to blame. | wonder if legal
liability issues steaming from the adversarial nature aistoudion industry contacts in the UK

may dso be a deterrent for architects speak candidly.

Finally, the limited funding available for the PhD was just about enough for generating the original
data and became a significant obstacle in disseminatiitgdings at conferences.Although
multiple abstracts generated interest for psentations at international conferences, the funding
cap greatly limited the number of conferences | was able to attend and present at. While this is an

obstacle commonly plagng Ph3 inthe UK, | beéve this topic desees an open discussion.

Overall,I found this PhD challenging and exciting. The skills | learned during the journey and the

continuous support and encouragement of my first advisor helped me overcome theraesdle
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and turn those intoopportunities. Doingthe PhD also taught me to appraté the countless

things discovered, which enriched me academically and personally.
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8.7.Final remarks

Architecture hasa strong potentialin significantly affecting mangspectsof human lie and
behaviair. Its potential ha been confirmed in a wide rangd fields from health to human
performance, from safety to positive social interactions. However, environmentally sustainable
occupant behaviour is an area where litheaowledgehas been geerated to hép architecture
promote behavioural sustainability byesign. The studies of this thesis propose a social science
grounded investigation of environmentally relevant occupant behaviours in sustainable
accommodations matchedgainstarchitecturd practice, wvith results framedn a manner that
may be consumablior architecture aiming to enable and promote sustainable buildingupant
interactions. While its findings are promising, theyly begin to comprehend how architectu

may futher behavoural sustaimbility in sustainale buildings in general and susiable
accommodations in particular, to eventually provide accessible toolarfditecture to support
what is perhaps the most important endeavour of this generatiemvironmental sustaimbility

on ou one and only plarte
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10. Appendix |
10.1. Occupant Interview StudyEthical Approval

€C 60l 25&#

/] PHD/MPHIL

Title of project: . The Experience and Meaning of Moving into and Living in Energy Efficient Student
Accommodations
Name of researcher(s): Adrienn Rokosni
Name of principal investigator Professor Wouter Poortinga
Contact e-mail address Rokosn rdiff ac uk
Date: 25.01.2018
Participants YES | NO [ N/A
Does the research involve *_Children (under 16 years of age) v
participants from any of the »_People with leaming difficulties v
following groups? +_Patients (NHS approval is required) v
*_People in custody v
* People engaged in illegal activities A
| » Vulnerable elderly people 4
*_Any other vulnerable group not listed here v
« When working with children: | have read the Interim Guidance for Researchers Working v
with Children and Young P eww.cardiff.ac.uk/archifethics_committee. ph
Consent Procedure
* Will you describe the research process to participants in advance, so that they are
informed about what to ?

* _Will you tell participants that their participation is voluntary?
* Will you tell participants that they may withdraw from the research at any time and for any
reason?

* Will you obtain valid consent from participants? (specify how consent will be obtained in

Box A)'
«_Will you give participants the opti of omitting questions they do not want to answer?
* If the research is observational, will you ask participants for their consent to being
observed?

 If the research involves photography or ather audio-visual recording, will you ask

participants for their consent to being photographed / recorded and for its use/publication?

Possible Harm to Participants
« Is there any realistic risk of any participants experiencing either physical or psychological
distress or discomfort?
« Is there any realistic risk of any participants experience a detriment to their interests as a v
result of participation?
Data Protection | YES | NO [ NA
* Will any non-ancnymous and/or personalised data be generated or stored?
« If the research involves non- * gain written consent from the participants v
anonymous andfor personalised
data, will you: * allow the participants the option of anonymity for all v
or part of the information they provide
Health and Safet:
Does the research meet the reguirements of the University's Heallh & Salety policies?
hittp: cfac ul ufingdex. html)

Research Governance

Does your study include the use of a drug?

You need to contact Research Governance before submission (resgov@cf ac uk )
Does the study involve the collection or use of human tissue?

You need to contact the Human Tissue Act team before submission {hta@cf.ac. uk)

i any nen-anonymous and/or personalised data be generated or stored, wnitten consent is required.
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