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Effects of Neighborhood Building Density, Height, Greenspace,
and Cleanlinesson Indoor Environment and Health of
Building Occupants
Abstract
The influences of indoor environment quality onwqeant health have long been one of the
main focuses in built environment and public headtbearch. However, evidence to this
effect has been inconsistent. Furthermore, previotban studies have indicated the
interaction between urban morphology and indoorirenment. This study thus goes
beyond indoor environment to investigate: i) thee&@k of neighborhood environment on
occupant health; and ii) the mediating roles ofomdenvironment on the neighborhood
environment and occupant health relationships.adldeve this aim, buildings located in
different neighborhood environment in Hong Kong aetected. Data are collected by
post-occupancy evaluation (occupant health), indevironment assessment (thermal
comfort, indoor air quality, ventilation, visual mfort, and acoustic comfort) and
neighborhood environment assessment (neighborhaddiry density, building height,
cleanliness and greenspace) through questionnaiveys Through correlation analysis,
regression modeling and Sobel test, it is found: thaoccupant health is significantly
affected by neighborhood building height, buildimignsity and cleanliness; ii) the
relationships between neighborhood environment @cclpant health are significantly
mediated by indoor environment, in terms of visa@d acoustic comfort; and iii)
neighborhood greenspace affects occupant healtteatig through influencing indoor air

quality. To cross validate the results of the synstudy, which is conducted using



subjective data, objective measurements and arsasyreefurther conducted. The objective
study, echoing the survey study results, indicétas buildings with lower neighborhood
building density and height, and cleaner neighbodhenvironment have better visual

(higher illuminance level) and acoustic (lower moisvel) performances.

Keywords. Indoor environment, Neighborhood building depsitleighborhood building

height, Neighborhood greenspace, Occupant health



1 BACKGROUND

Buildings are often designed and developed basedanaus regulations and guidelines
established with an attempt to maintain occupasasifort within an indoor environment
[for instance, compliance with design requiremdatsventilation, sustaining indoor air
temperature at design values, and maintaining lvaakg noise levels within prescribed
criteria]. However, building occupants are notlased from its neighborhood
environment. Buildings serve not only to sheltecupants from adverse outdoor
environment and weather; but also bring favoraldéumal elements, such as natural
lighting and fresh air, into occupants’ work ante.li Permeability is one of the key
features in any buildings (e.g., Sadineni et &11). It is this permeability nature which
puts occupants of a building and its neighborhoodirenment into connection.
Therefore, the impact of neighborhood environmentiikey factor which cannot be

overlooked when studying occupant health and indogironment.

In fact, the effect of indoor environment quality occupant health has long been an
important topic in built environment research anacfices. However, the results to these
effects have been inconsistent. For instance hS#@l. (2010) indicated that occupants’
asthma and respiratory allergies are affected 8ganair quality, temperature, humidity
and ventilation of an indoor building environmenSimilarly, Smedje and Norback
(2000) and Chao et al. (2003) found that occupaetgiratory and asthmatic symptoms
are predicted by poor indoor air quality and veiin. However, Mendell et al. (2011)

found that indoor air quality can have both positand negative effects on occupants’



wheeze. Haverinen-Shaughnessy et al. (2015) fthatdhir quality is not correlated with
students’ health problems in terms of respiratorymgoms, headache and

gastrointestinal symptoms.

The above inconsistent findings, to certain exteicate that the relationship between
indoor environment and occupant health may be stibjeother key factors. Given that
neighborhood environment can influence indoor emnment (e.g., the influence of
neighborhood building density on indoor tempergtudéachou et al., 2008), it is

reasonable to postulate that indoor environmentbeathe mediator of the relationships
between neighborhood environment and occupantthedftowever, it is unclear what

and how neighborhood environment factors affecioandenvironment and occupant
health. Hence, this study goes beyond indoor enient to identify what neighborhood
environment factors affect occupant health and andmvironment quality; investigate
the influence of these neighborhood environmentofacon occupant health; and to
examine the impact and interplay of indoor buildi@gvironment and neighborhood
environment on health of building occupants. Ihypothesized that:- i) occupant health
is significantly affected by a building’s neighbodd environment; and ii) the impact of

neighborhood environment on occupant health is atediby indoor environment.

2 INDOOR ENVIRONMENT AND OCCUPANT HEALTH
Previous studies have identified various indicatfms indoor environmental quality,

including indoor air quality (IAQ), thermal comfortentilation, visual condition, and



acoustic condition. 1AQ refers to the air quality within and around bulgs and
structures, and it is especially related to heaftti comfort of building occupants. It can
be determined by the concentration of differentpmifutants, such as carbon monoxide,
nitrogen dioxide, sulphur dioxide, volatile organtompounds, ozone, nonmethane
hydrocarbons, particulates sulphates and nitrédesialdehyde and radon, in an indoor
environment (WHO, 2010). Previous studies havecatdd that poor IAQ can cause
bronchoconstriction, asthma symptoms, lung candeitation to eyes, visibility
problems, headaches, dizziness and even fatalrpogo occupants (e.g., Ghiaus et al.,
2006; Raub et al., 2000). Since people spend dréQfo of their time indoors, IAQ has
long been a key focus in different building perfamme assessments (Klepeis, et al.,

2001).

When comparing with other indoor environment quyalitdicators, such as acoustic
comfort, visual comfort, and IAQthermal comfort has been ranked by building
occupants as of greater importance (Frontczak aacg¥¢ki, 2011). Thermal comfort
refers to the state of mind that expresses sdtisfa@nd subjective evaluation of the
thermal environment (ASHRAE, 2004). Human body hathermoregulatory system
which serves to maintain a constant internal basipperature (Yang et al., 2014).
Mediated by the physics of heat and mass transfdrda process of heat balance, people
respond physiologically to any thermal imbalanceveen the body and the surrounding

environment. Previous studies have indicated thatmal environment is associated



with occupants’ well-being, in terms of asthma aedpiratory allergies (Singh et al.,

2010).

Ventilation, referred as the air movement within a buildisgclosely related to IAQ and
occupants’ thermal comfort (Yu and Kim, 2011). Pwentilation has been identified as
an antecedent of various respiratory diseases, asigevere acute respiratory syndrome
(e.g., Gao et al., 2009; Wang et al., 2010). Tlaeeethree main types of ventilation,
namely mechanical, natural, and hybrid. Mechanigahtilation can cause energy
efficiency problem; while natural ventilation is r®irained by neighborhood
environment. Hybrid ventilation functions to explthe benefits of both natural and

mechanical ventilation methods.

Visual comfort is defined as “a subjective condition of visuallvieing induced by the
visual environment” (ECS, 2002), which can usudiy affected by two components,
namely natural and artificial lighting. Proper twh of glare and shading is needed to
minimize the impact of excessive or inadequatetiiighon occupants’ health, including
fatigue and eye health, such as watery eyes, dgg, eye ache and tired eyes (Hwang
and Kim, 2010; Osterhaus, 2005). In additiacgustic comfort refers to the subjective
noise annoyance experienced by an individual, whiely further affect one’s health and
cognitive performance (lachini et al., 2012). Tgbuindividual's acceptance and

response to sound pressure and acoustic pattersigbjsctive, previous studies have



proven the impact of noise on individuals’ psyclyptal health and memory (Boman et

al., 2005; Singh et al., 2010).

3 NEIGHBORHOOD ENVIRONMENT AND BUILDING OCCUPANTS

The above section indicates the intimate assoastimetween indoor environment and
occupants’ health. However, indoor environmentliguare intimately associated with

its neighborhood environment. For instance, pevistudies have indicated the impact
of urban neighborhood characteristics, in termgantl-use ratio and thermal mass, on
indoor air temperature of buildings (Mirzaei et, &015). On the other hand, air
pollutants emitted from vehicles in busy districayncause greater indoor air pollution
through permeable building facade (Ghiaus et 8062 Roulet, 2001). Hence, it can be
postulated that health of occupants should not dody affected by the indoor

environment. It is essential to investigate théerplay of indoor and outdoor

environment and their impacts on occupants’ health.

According to the previous studies on built envir@eminat neighborhood scale, built
environment can generally be categorized into falds, namely buildings, open spaces
(e.g., greenspaces, sidewalks, parking, etc.), liho(@.g., passenger car, train, bus, etc.)
and networks (e.g., electricity, water, wastewagas networks, etc.) (Lotteau et al.,
2015). While neighborhood networks and mobilitg anainly associated with energy
consumption, this study, focusing on occupant heatbvers the first two fields,

buildings and open spaces. The building categefigrs to both height and density of



the buildings nearby, while open spaces refer ighttrhood greenspace and cleanliness

of the surrounding area.

Due to the rapid business development and the @sland scarcity, various modern
cities, like Hong Kong, Tokyo, Singapore, and Sheaghave undergone land use
intensification and adopted vertical developmerdtsgy in the past decades (Chau, et
al., 2007; Yu et al., 2010). This has resulte@dmnincrease in building density (site
coverage of buildings over a certain area), inaeéaduilding height (from the mean
formation level of the land on which the buildingusds, up to the top of the highest
roof slab of the main roof of a building), and retlon in open spaces and pollutions

in urban areas.

To prevent adverse urban environmental and soc@dlgms, many countries have
adopted different regulations on building densitg &eight, such as restrictions on lot
size zoning, building height and plot ratio (e@hau et al., 2007; Joshi and Kono,
2009). However, along with the rapid developmehtconstruction and building
services technologies, many cities have increakedrtaximum permitted building
density and height (Chau et al., 2007; Pan e2@08). In fact, previous studies have
indicated the impact of neighborhobdilding height on the access of sunlight and
solar radiation (e.g., Robinson, 2006), indoor terafure (Mirzaei, et al., 2012),
dispersion of atmospheric pollutants (Theodoridid Boussiopoulos, 2000), etc., of a

building. On the other hand, high neighborhdmdlding density can cause heat



island effect, resulting in lower wind speeds arghér ambient temperatures inside a

building (Niachou et al., 2008).

The existence afreenspace in neighborhood environment, such as tree canogrks
and forests, has found to be associated with bettgsical health, reduction in
morbidity in some disease categories, lower levalapression, lower level of stress,
and so on (e.g., Beyer et al., 2014; van Dilleralet 2012). In fact, the roles of
greenspace have found to be especially significaqirotecting building occupants
from health hazards related to air pollution antteare temperature (e.g., Dadvand et
al., 2012), and in promoting healthy behaviors agsorbuilding occupants, such as

physical activities (e.g., Mitchell and Popham, 00/ang et al., 2016).

In addition, neighborhoodeanliness has been recognized as one of key issues facing
policy makers when planning and developing cit@ihibber et al., 2004). It can
cover cleanliness of streets, sidewalks, and fab$paurrounding a building (e.g.,
existence of debris and graffiti; Kaczynski et @008). Previous studies found that
neighborhood cleanliness can affect occupantssfeation and health through various
factors, like influencing people’s willingness t@nduct physical activities (e.g.,

Duncan and Mummery, 2005; Kweon et al., 2010).

Based on the above, the conceptual model of thay ssudeveloped in Figure 1. As

illustrated in the figure, neighborhood environmeat hypothesized to predict



occupant health (H1); and the influence of neighbod environment on occupant

health is hypothesized to be mediated by indooirenment quality (H2).

' N

Indoor Environment Quality (IEQ)
- Indoor air quality

- Ventilation

- Thermal comfort

- Visual comfort

- Acoustics
H2
Neighborhood Environment
- Building density Occupant
- Building height Health
- Greenspace H1

- Cleanliness

Figure 1 Hypothetical Model of Neighborhood Enviroemh- IEQ - Health of Building Occupants

4 RESEARCH METHODS

To achieve the research aim, we conducted a quesii@ survey study targeting
occupants of four academic buildings located ifed&nt neighborhood environment in
Hong Kong. These four buildings are strategicaljected to involve those located in
high (two) versus low (two) neighborhood buildingngdity, high (two) versus low (two)
neighborhood building height, and large (two) verssmall (two) neighborhood

greenspace. Please refer to Figures 2 and 3ddodiations of the buildings.
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Figure 2 Two buildings in a neighborhood U3 Two buildings in a neighborhood

environment with lower building density, vinenment with higher building density,
lower building height and larger green ghar building height and smaller green
space space

Academic buildings are selected mainly for two oeess Firstly, unlike commercial
buildings which only accommodate the working ageugs and residential buildings
which accommodate residents with similar social kjemund (e.g., housing
affordability), academic buildings accommodate adyonix of occupants who come
from different age (e.g., teenage students, setimtents, middle aged staff, senior staff,
etc.) and social (e.g., students needing finarahave the same right as students who
come from higher income families to enjoy educatairuniversities) groups. On the
other hand, previous studies have indicated thea@té relationships between property
values and neighborhood environment, such as goaeas(e.g., Jim and Chen, 2010;
Saphores and Li, 2012). In other words, occupahtsuildings located in a greener
environment may have a higher housing affordabilagd thus social background, in
which these have found to have impact on indivigiua¢alth (van den Berg et al., 2010).
To ensure a good mix of respondents, this studgetaracademic buildings which
accommodate occupants with different age and sdeekground, and are located in

areas with different neighborhood environment.
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Previous studies, using academic buildings as thsed of data collection for
investigating interactions between occupants anidt leavironment, tend to sample
students only (e.g., Makaremi, et al., 2011). Iew of the potential impact of
respondents’ age on health and satisfaction, thdysargets not only students, but also
academic and administrative staff. Purposive samgpé adopted, in which respondents
are recruited only if they are academic or admiaiste staff working or students
studying in the target academic buildings. In s@®0 valid responses are collected.
Students account for 64.5% of the total sample]enditademic and administrative staff
account for 35.5%. The respondents age from 3fetmw (71.5%), 31-50 (26%), to 50
or above (2.5%), in which 57.5% are male and 42#&% female. Amongst the
respondents, 56% spent 11-30 hours in the buildimeeek, 36.5% spent more than 30
hours and 7.5% spent 10 hours or less. To comt®limpact of building age on
occupants, the target buildings are 4 to 9 yearfoldlt in the past decade), with 25%

aged 4, 25% aged 5, and 50% aged 9.

The post-occupancy evaluation survey is designetiase four main parts, namely,
background information, indoor environment qualifyndicated by occupants’
satisfaction towards indoor air quality, ventilatjothermal comfort, lighting, and
acoustics; CBE, 2015), neighborhood environmentlityuéindicated by occupants’
satisfaction towards neighborhood building denshiyjlding height, greenspace and
cleanliness, Fornara et al., 2010) and buildingtesl health symptoms (frequency of

occupants suffering from dry eyes, itchy or wateyes, blocked or stuffy nose, runny

12



nose, dry throat, lethargy or tiredness, headaargsjtching or irritated skin, sneezing,
and breathing difficulties; Roulet et al., 2006)dopting the health measurement scale
developed by Roulet et al. (2006), respondents asgked to rate the frequency of the 10
symptoms. Occupant health is then calculated kipgaan average of the scores of these
10 items. Respondents were invited to answer tlestgpns based on a 7-point likert
measurement. Statistical analyses are then cagdluasing the software of SPSS, to
investigate the hypothetical relationships betwaerghborhood environment, indoor

environment, and health of occupants.

5 ANALYSESAND RESULTS

5.1 Survey Study

Since health differs according to individual ocaoga background characteristics, this
study, making references to previous studies onmantt health, statistically controls for

gender and age of occupants in the correlationragcession analyses (e.g., van den

Berg et al., 2010).

5.1.1 Correlation Analysis

To preliminarily investigate the relationships beem neighborhood environment, indoor
environment and occupant health, Pearson correlatialysis was conducted (see Table
1). The results indicate that all four neighborthdactors correlate significantly with the
five indoor environment factors and occupant healtll correlation coefficients are

significant at p<0.01 level. The results act asold foundation for further testing the

13



predicting effect of neighborhood environment orcugant health, and the mediating
effects of indoor environment on neighborhood esvinent-occupant health

relationships.

Table 1 Correlation of Neighborhood Environment, Indoor Environment and
Occupant Health

Indoor Environment
Occupant Heall Thermal - Visual | Acoustic| Occupan
i Comfort IAQ |Ventilation Comfort| Comfort Heaﬁh

Neighborhood Environme

Neighborhood Bldg Density 456 297 .365 .348 348 335
Neighborhood Bldg Height .304" 275 263" 427" 424" 4047
Neighborhood Greenspace 410" 515" 4337 406" 3417 356
Neighborhood Cleanliness 316 334 334 43T 256 315

Note: ** - significant at 0.01 level.
All analyses are controlled for age and gender.

5.1.2 Regression Modelling

To further investigate the predicting effects ofghdorhood environment on occupant
health, multiple regression modelling was conduct&hsed on the result of Pearson
correlation, all four neighborhood environment éastare significantly correlated with
occupant health. They are thus all selected aspirblent variables in the multiple
regression analysis with occupant health as depemadeiable. As shown in Model 1 of
Table 2, neighborhood building height, neighborhbadding density and neighborhood
cleanliness are found to predict occupant healgmifscantly (p<0.05). The model
explains 24.3 percent of variance to occupant heatl is thus supported. The results

also act as a basis for the following mediatiorstes
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A mediator is referred to as a variable which aoteuor the relation between an
independent variable and a dependent variable. m&asure the mediating effects of
indoor environment (i.e., thermal comfort, indoar guality, ventilation, visual comfort
and acoustic comfort) on the relationships betwaeighborhood environment (i.e.,
neighborhood building height, neighborhood buildaensity, neighborhood greenspace
and neighborhood cleanliness) and occupant hetlléhclassic Sobel test is adopted
(Baron and Kenny, 1986). The Sobel test involvesd main steps (Baron and Kenny,
1986): Step A- to show that the independent vagigbé., neighborhood environment)
significantly affects the dependent variable (iaegupant health) in the absence of the
mediator; Step B- to show that the independenabéeisignificantly affects the mediator
(i.e., indoor environment); and Step C- to showt tih& independent variable and the
mediator have significant effects on the dependaniable. While Step A is done as
shown in Model 1 for the first hypothesis of thereat study, Steps B and C are done in

the following regression analyses.

Step B is then conducted as shown in Models 2-@dhle 2, where the five indoor
environment factors are included in each model @emendent variable, and the four
neighborhood environment factors are added as ewkmt variables in each model
respectively. The results indicate that neighbochduilding density significantly

predicts thermal comfort, ventilation, and acoustamfort (p<0.01). Neighborhood
building height significantly predicts visual comfoand acoustic comfort (p<0.01).

Neighborhood greenspace significantly predictsrttarcomfort, indoor air quality, and

15



ventilation (p<0.01). Lastly, neighborhood clearls predicts visual comfort

significantly (p<0.01).

Model 7 is further developed to investigate, witle tabsence of the effects of the
neighborhood environment, the predicting effectstleé five indoor environment
factors on occupant health. The results indicaé¢ occupant health is significantly
predicted by acoustic comfort, indoor air qualitydavisual comfort (p<0.01). The

model explains 35.7 percent of variance to occupaatth.

Table 2 Development of Base M odels

Model  Dependent Independent variables Beta t Sg R R? Sg.
variables UnSTD SE. (ANOVA)
Occupant Health < Neighborhood Environment
1 Occupant Health  (Constant) 28.880 3.6917.824 .000 .493 .243  .000

Neighborhood Building Heig ~ 1.798  .497 3.615.000
NeighborhoocBuilding Density 1.137 525 2.165.032

Neighborhoo Cleanliness 1.237 583 2.122.035

Indoor Environment € Neighborhood Environment

2 Thermal Comfort (Constant) 15.992 .866 18.471.000 .504 .254  .000
Neighborhood Building Densi  .858  .176 4.885 .000
Neighbortood Greenspace 363 .108 3.388 .001

3 Indoor Air Quality(Constant) 20.361 559 36.442000 .529 .280  .000
NeighborhoocGreenspace 747 088 8.441 .000

4 Ventilation (Constant) 7514 622 12.080.000 .467 .218  .000
NeighborhoocGreenspace 360 .077 4.674.000
Neighborhood Building Densi  .350 .126 2.770 .006

5 Visual Comfort  (Constant) 19.106 1.19316.021 .000 .511 .261  .000
Neighborhood Cleanliness 955 208 4.586 .000
Neighborhood Buildin(Height .760 .169 4.504 .000

6 Acoustic Comfort (Constant) 15.877 1.019 15588000 .462 .213  .000

Neighborhood Building Heig ~ .786  .167 4.694 .000
Neighborhood Building Densi 517 181 2.849 .005

Occupant Health < Indoor Environment

7 Occupant Health  (Constant) 4036 5.298 .762 .447 597 .357  .000
Acoustic Comfort 952 201 4.745 .000
Indoor Air Quality 627 203 3.087 .002
Visual Comfort 435 184 2.365.019

Note: All analyses are controlled for age and gend
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Then, Step C is conducted as shown in Models &1Table 3. Models 8-11 are
developed with occupant health as dependent variabid with a different
combination of an indoor environment and a neighbod environment as
independent variables for each model. The comibimaiare determined based on the
significant associations found in Models 2-6 asnghan Table 2. As shown in Table
3, occupant health is significantly predicted byhbmdoor environment (i.e., visual
comfort or acoustic comfort) and neighborhood emwinent (i.e., neighborhood
building density, neighborhood building height amelghborhood cleanliness) in the

four models respectively (p<0.01).

The regression coefficient estimates and the stdn@aror of the paths from
independent variable to mediator (i.e. ‘a’ and ftam Models 2-6) and from mediator
to dependent variable (i.e. ‘b’ and ‘tb’ from Moddl-11) are then obtained. Then, the
Sobel z-value are calculated through dividing abthy square root of b2(a/ta)2 +
a2(b/tb)2. The mediating effect is considereddacsignificant at the 0.05 level if the
z-value is larger than 1.96 in absolute value.sBAswn in the last column of Table 3,
all four mediation effects are found to be sigrfit (i.e., >1.96). Thus, H2 is also

supported.

Table 3 Regression Modelling for the Mediating Effect of Indoor Environment on Neighborhood
Environment-Occupant Health Relationships

Model Dependent Independent variables Beta t Sg R R’ Sig. Sobe
variables UnSTD SE. (ANOVA)
Occupant Health < Neighborhood Environment & Indoor Environment
8 Occupant  (Constant) 16.695 4.167 4.006 .000 .563 .317 .000 2.64**
Health Acoustic Comfort 1.269 .182 6.957.000
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Neighborhood Building Densi 1.255 .464 2.703 .007

9 Occupant  (Constant) 17.602 4.0174.381 .000 577 .332 .000 3.77*
Health Acoustic Comfort 1.170 .186 6.279.000
Neighborhood Buildin(Height 1511 438 3.450.001

10 Occupant (Constant) 20.097 4.8344.157 .000 .516 .266 .000 3.10**
Health Visual Comfort 781  .183 4.257 .000
Neighborhood Building Heig  1.846 .460 4.015.000

11 Occupant (Constant) 18.794 5.0613.713 .000 .477 .228 .000 3.32**
Health Visual Comfort .902 188 4.788.000
NeighborhoocCleanliness 1.386 .583 2.379.018

Note: ** - significant at 0.01 level.

All analyses are controlled for age and gender.

The abovementioned significant associations austithted in Figure 4.

Indoor Environment Quality Building-related Health

Indoor air quality
363" | Thermal comfort

Neighborhood Environment Quality

Neighborhood Greenspace

\627**

1.269**(NBD)
1.170*(NBH)

- .~'§"'~.l'-255**

1511 (AC)/1.846**(VC) ===

Occupant Health

.760**
77T 12386

[781**(NBH)

Neighborhood Cleanliness 1902 **(NH)

Visual comfort

Figure4 Theresult model for indoor environment, neighborhood environment and health (refer to
Tables 2-3 for the coefficients of each reationship)
Note:
- -.-.p Significant mediating effects (referitable 3)
- (xxx) contribution of the bracketed variable betagen into account in the mediating
process
- NBD - Neighborhood Building Density
- NBH — Neighborhood Building Height
- NH — Neighborhood Cleanliness
- AC — Acoustic Comfort
- VC — Visual Comfort
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5.2 Field Study for Objective M easurements

Figure 4 illustrates that health of occupants iBuenced byneighborhood building
density, neighborhood building height and neighborhood cleanliness, and these
influences are mediated by indoor environment ¢yal terms ofacoustic comfort and
visual comfort. However, previous studies indicate that humamfoad level in a built
environment can be affected by various psycholoégesameters, such as individuals’
desired condition (Makaremi et al., 2011) and emvinental beliefs (Deuble and de
Dear, 2012). To validate whether neighborhood remment does contain objective
effects on indoor acoustic and visual levels, ddfimeasurement study is further

conducted.

Firstly, the four target buildings are categorizetb two groups, in whichGroup 1
represents buildings located imeghborhood environment with lower building density,
lower building height, and better neighborhood cleanliness; while Group 2 represents
buildings located in aneighborhood environment with higher building density, higher

building height, and poorer neighborhood cleanliness.

The differences in neighborhood building densitg &eight of Groups 1 and 2 buildings
are illustrated in Figures 2 and 3 respectively fdct, the number of neighborhood
buildings and average building height within 1 kmetance from Group 1 buildings (11
buildings with 13 storey on average) are lower thlat of Group 2 buildings (44

buildings with 15 storey on average).
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To further explore whether significant differencesneighborhood cleanliness exists
between Groups 1 and 2 buildings, one-way betweeupg analysis of variance
(ANOVA) was conducted using the survey data. Redpaots from Group 1 buildings
(Mean = 6.2) are found to have significantly higkatisfaction towards neighborhood
cleanliness when compared with that of the respatsdgom Group 2 (Mean = 5.33)

buildings [F=26.810, p<0.01].

Hence, the following comparative analyses are cotadlusing Groups 1 and 2 buildings
as analysis units, representing buildings withedéht levels of neighborhood building

density, height and cleanliness.

The survey study unveils that neighborhood enviremimnfluences occupant health via
two indoor environment factors, namely acoustic aistial comfort. Therefore, in this
section, the performance of the two groups of bogs in these two dimensions are
measured objectively on site. Since acoustic andriance levels deviate from time to
time throughout a day, measurements were condwctexh hourly basis, from 09:00am
to 06:00pm. MINOLTA Lux meter was used to meagheeilluminance level, and ONO
SOKKI LA-5110 Precision Integrated Sound Level Met&as used to measure the noise

level.

5.2.1 Acoustic Performance Analysis
In general, noise level in office buildings is rewoended to be lower than ~50dB. For

instance, the Chinese code for sound insulatiorgdder civil buildings recommended
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that the noise level in office buildings should lesver than 55dB. The Building
Environmental Assessment Method (BEAM) Plus noisggsmance criteria for office
premises recommends 48dB for office areas wheragyiis important. Furthermore, a
previous study found empirical support that offizelding occupants are satisfied when
noise level is below 49.6dB (Huang et al., 201Bowever, as illustrated in Figure 5,
during the work hours, the noise levels of Grougd 2 buildings are all above 50dB.
For Group 1, the noise levels range from 51.8dBA&dB. For Group 2, the noise levels
range from 62.4dB to 65.8dB. On average, the nk@gel of Group 1 is 55dB, just
meeting the upper limit as recommended by the Geirtdade; while that of Group 2 is
64.5dB, which is far above the upper limits as sst¢gd by various code or guidelines.
The above, conforming to the results of the surstdy, indicates that the acoustic
performance of Group 1 (buildings located in a hbarhood environment with lower
building density, lower building height, and bettegighborhood cleanliness) is better
than Group 2 (buildings located in a neighborhoaglirenment with higher building

density, higher building height, and poorer neighlood cleanliness).
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when the illumination intensity is above 300 Lurdahe satisfaction level increased to
‘quite satisfied’ when the light level reached DQQix. As illustrated in Figure 6, during
the work hours, the illuminance levels of Groupandl 2 buildings are all above 400 Lux.
On average, the illuminance level of Group 1 is 28, while that of Group 2 is 434
Lux. The above, conforming to the results of thevey study, indicates that the
illuminance performance of Group 1 (buildings l@chin a neighborhood environment

with lower building density, lower building heighand better neighborhood cleanliness)
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is better than Group 2 (buildings located in a hiearthood environment with higher

building density, higher building height, and paaneighborhood cleanliness).

lux - Grou)l == eGroup 2
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——————
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Figure 6 - Comparison of illuminance level betw&noups 1 (lower building density, building height,
and better neighborhood cleanliness) & 2 (highetdimg density, building height, and
poorer neighborhood cleanliness) buildings

5.3 Comparative Analysisfor Occupant Health of Groups 1 and 2 Buildings (T-
test based on Subjective Data)

To investigate whether statistically significantffeliences exist between health of
occupants from the two groups of buildings, an pahelent-samples t-test was conducted
based on the survey data using SPSS. Significdferehces are found in occupant
overall health (p=0.00), and various health symgtonamely dry eyes (p=0.001), itchy
or watery eyes (p=0.012), blocked or stuffy nose0(p03), runny nose (p=0.000), dry
throat (p=0.000), lethargy or tiredness (p=0.0@ty, itching or irritated skin (p=0.049),

and sneezing. The mean values are shown in Figure
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ACCEPTED MANUSCRIPT

*
*
*
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%
*
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Overall Health 20t 5.88 ||ng
Breathing difficulties 6'(:%%0 jht,
Sneezing 2 5.67
Dry, itching, or irritated skin 28 5.95
Headaches 536?06
Lethargy /tiredness 227 563
Dry throat 208 5.96
Runny nose £:20 5.41 :ed by
Blocked /stuffy nose s 5.63
Itchy Jfwatery eyes Sﬁ 6.08 rhOOd
Dry eyes —55? 6.08 j Visual
1.00 2.00 3.00 4.00 5.00 6.00 7.00

comforts in the indoor environment. Meanwhile, ¥eough neighborhood greenspace
is found to have no direct impact on occupant heélhas found to have indirect impact
on occupant health through its influence on indaiorquality (refer to Figure 4). The
survey results are further confirmed by the objectstudy which indicates that the
acoustic and illuminance performance of buildingshwower neighborhood building
density, lower neighborhood building height andankr neighborhood area are better

that that of their counterparts.
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The impact ofneighborhood building height on occupant health is significantly
mediated by occupantsisual comfort in the indoor environment. Occupants’ visual
comfort can be affected by indoor lighting qualigyg., Hwang and Kim, 2010), natural
lighting, and bright reflection of visible lightdm concrete roof and /or from the facades
of neighborhood buildings (e.g., Tan and Sia, 2008)gh-rise neighborhood buildings
can act as obstructions, resulting in insufficiematural lighting in the indoor
environment. Hence, as indicated in the objeatnemasurement study, the illuminance
level of Group 1 buildings is higher than that obGp 2 (refer to Figure 6). On the other
hand, a low-rise neighborhood area can also meaereeflection of light from the roofs
and facades of neighborhood buildings, reducingirty@act of outdoor glare on indoor
lighting quality. Extreme light levels can causge ehealth problems to building
occupants (Hwang and Kim, 2010), however, its imgan be reduced if a building is
equipped with an effective design strategy andtilghsystem, such as the adoption of
facade design with visible light transmittance gigzand smart lighting system with light

sensors, which enhance occupants’ visual comfagt, (€onis 2013; Lu, et al., 2010).

On the other hand, the impact méighborhood cleanliness on occupant health is also
significantly mediated by occupant’s indoasual comfort. Previous studies have found
that people living nearby pollution sources, likdustrial areas, have a higher risk on air-
quality related diseases, such as lung cancer, (Hgyrin et al., 2013). However,
neighborhood cleanliness is found to have no dassbciation with indoor air quality or

ventilation in the current study. Perhaps, ithe tlissatisfactory visual appearance of
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pollutants, such as debris and graffiti, in theghborhood environment, which causes
poor health of occupants. Konis (2013)’s studyidatkd how occupants managed to
address visual discomfort resulting from excessualight due to an inappropriate
building design through various informal workspaocedifications, such as using
umbrella to block the connection with outdoor ligigt Hence, it is recommended to
manage visual discomfort caused by poor neighbartteanliness using different space

modifications, such as curtain blocking outsidengeo a certain level.

The impacts ofneighborhood building density and height on occupant health are
significantly mediated by occupantsicoustic comfort in the indoor environment.
Excessive noise can cause building occupants to ldeseases, lower concentration
level, and so on. (Huang et al., 2012; Leathet.eP@03). In developed cities, like Hong
Kong, transport noise, such as road traffic andvegi noise, is the major source of noise
affecting building occupants (Lotteau, et al., 201k this case, neighborhood buildings
can act as obstructions to the free propagatiomaide from street and road traffic,
attenuating its sound level (Guedes et al., 2014 current study, since the two Group 2
buildings are located right next to two main roadgh the absence of neighborhood
buildings serving as sound obstructions, Groupillimgs are found to have higher noise
levels than that of Group 1 buildings. Enhanciogrsl insulation level of a building can
reduce the level of sound energy emitted from #ighborhood environment entering its
inner space, thus, enhancing occupant acoustic azbrahd relieving the significant

impact of outdoor noise to occupants.
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Various previous studies indicated tha¢ighborhood greenspace affects building
occupant health. Researchers tend to associateesult with the opportunity provided
to occupants to walk and exercise (e.g., Mitchetl Ropham, 2008; Wang et al., 2016).
In current study, even though half of the buildirage located in areas surrounded by
large greenspace, majority of these green aream@treaccessible (fall outside the

premises area) (refer to Figure 8).

Figure 8 Accessible greenspace near the samplkﬂﬁ@;i.fgfeen areas inside the yellow boundary)

As such, neighborhood greenspace is found to hawdirect impact on occupant health
in the current study. However, it significantlyfeaftsindoor air quality, which further
influences occupant health. A larger area of reaghood greenspace can, to certain
extent, mean a lower number of neighborhood bugklin Neighborhood buildings can

act as obstacles to fresh air moving into a bugdiithis blocking effect would be higher

27



if a building is surrounded by denser and talleighieorhood buildings. The reduced
level of indoor air ventilation can slowdown thartsfer rate of indoor air pollutants
when the indoor pollution concentration is higheaurt that of the outdoor (Barro et al.,
2009), causing respiratory diseases, eye problagegjaches, and even fatal poisoning
(e.g., Ghiaus et al., 2006; Raub et al., 2008gnce, the need of an effective ventilation
system is essential in fostering occupant healttpeeally when neighborhood

greenspace is not satisfactory.

Previous studies tend to focus on the influenceador environment on occupants and
to study the impact of urban environment on buddperformance (e.g., the impact of
neighborhood building morphology on energy consuompof a building; Wong et al.,

2011). The intimate and intertwining relationshitween neighborhood environment,
indoor environment and occupant health are not.clEarther developed from the results
of these previous studies, the current study pes/iempirical support on the extended
effects of neighborhood environment, when interggctivith indoor environment, on

occupants’ health. The findings, to certain extemdicate that consideration of indoor
environment alone does not guarantee a better inglddaronment, nor better occupant
health. This sheds light to the importance ofrigkneighborhood environment and its
interaction with respective indoor environment gadors into account in building

assessment process.
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Based on the findings of the current study, buddidesigners and engineers are
recommended to put more emphases and weightingndooi air quality, acoustic
comfort and visual comfort of occupants in buildidgsign and assessments processes,
because these factors are found to have directteffen occupant health. More
importantly, considerations and assessments havbetextended to neighborhood
building density (acoustic comfort), neighborhoadlding height (acoustic and visual
comfort) and neighborhood greenspace (indoor aalityy when the above indoor

environment quality issues are concerned.

7.LIMITATIONS

The sample size of the survey study is comparabler teven larger than some of the
published works in the built environment field winigse similar mixed method approach
(e.g., 88 survey samples collected by Kong et8l1,8; 120 survey samples collected by
Huang et al., 2012; 200 survey samples collectefakaremi et al., 2011). Meanwhile,
the data collection is strategically designed telude respondents with various
background (i.e., age, occupation, gender, etcgumying in buildings located in
different neighborhood environment (i.e., high wsréow neighborhood building density
and height, large versus small neighborhood gresespand good versus poor

neighborhood cleanliness).

The survey study adopts a self-report measurengmbach, which could have resulted

in common method variance. However, it should deah that the scales in this study are
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adopted from the extensive literature on built emunent and post-occupancy
evaluation. In addition, the respondents aretaff and students who have direct, long-
term occupancy experience in the case buildinguurthBrmore, the current study
confirms the significant mediating effects of indoenvironment quality on the
relationships between neighborhood environmentityuahd occupants’ building-related

health symptoms.

Four neighborhood environment factors are incluighethis study. Even though all of
them are found to have significant impact on ocatip@alth and /or indoor environment,
it is recommended to include one more neighborhiaator, that is the neighborhood
traffic, in the further study. The associationgween acoustic comfort and occupant
health are found to be affected by neighborhooddimg density. Even though
neighborhood building density can somehow reflaet traffic condition nearby, traffic
flow has long been identified as the major soufaeotse for building occupants. Hence,
a further detailed study is recommended to invastighe impact of traffic on the indoor

environment quality and occupant health.

Focusing on environment (neighborhood and indoed) lruman (satisfaction and health)
interactions, the results of the current study gleempirical support on the intertwining
relationship between neighborhood environment, andenvironment and occupant

health. Based on the study results, further stsdgcommended to take into account the
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impact of building configuration and design (e@nyvelops, ventilation system, HVAC

system, sound insulation system, etc.) on the enmient and human variables.

8. CONCLUSION

In sum, the study provides empirical support thatoccupant health is significantly
affected by neighborhood building height, neighloadh building density and
neighborhood cleanliness; ii) the relationshipsMeein neighborhood environment and
occupant health are significantly mediated by indenvironment, in terms of visual
comfort and acoustic comfort; and iii) even thounglighborhood greenspace is found to
have no direct impact on occupant health, it affextcupant health indirectly through
influencing indoor air quality. The results laylidglatform on the importance of taking
neighborhood environment into considerations dutwgding design and assessment
stages. Furthermore, the study results also pustafd the development of academic
research in the field. Researchers have condwetgous studies on the impact of indoor
environment quality on occupant satisfaction andlthe However, evidence to this
effect has been inconsistent. This study goesrxkymdoor environment to develop the
concept of outdoor and indoor environment intecactior revealing the intertwining
relationships between neighborhood environmentpondenvironment, and health of

occupants.
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Highlights:

>

>

Occupant health is significantly affected by neighborhood building height,
neighborhood building density, and neighborhood cleanliness.

The relationships between neighborhood environment and occupant health are
significantly mediated by indoor environment, in terms of visual comfort and
acoustic comfort.

Even though neighborhood greenspace is found to have no direct impact on
occupant health, it affects occupant health indirectly through influencing indoor
air quality.

Existing design guidelines and building assessment tools can be updated to
incorporate the impacts of neighborhood environment.



