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Abstract: Universities spend billions of dollars on green buildings as a sustainability commitment.
This research investigates occupant satisfaction with indoor environmental quality (IEQ),
building design (BD), and facilities management (FM) in five highly ranked green higher educational
buildings in the subtropical climate of Australia, in comparison to nine non-green counterparts.
The results disclose that the green building users were more consistently satisfied than the non-green
building users with BD&FM elements, such as design, needs from facilities, building image, cleaning,
the availability of meeting rooms, and storage. On the other hand, the study revealed weaknesses of
green buildings in IEQ, such as noise, ventilation, and artificial lighting. The individual environmental
control positively correlated with satisfaction in non-green buildings, but did not significantly affect
satisfaction in green buildings. This study also identified the influences of non-environmental factors
on occupant satisfaction, such as gender, age, sitting close to a window, hours spent in the building
and in the workstation, and the number of people sharing office space. The research provides
evidence and guidance for investing in, designing, and managing green educational facilities.

Keywords: green building; occupant satisfaction; indoor environment quality; building design;
facilities management; higher education

1. Introduction

Green buildings are designed to represent an architecture that is environmentally responsible and
resource efficient through the buildings” whole life cycle [1]. Green rating tools have been initiated to
accelerate sustainable transformation towards more energy- and resource-efficient, and healthy and
productive buildings [2]. Nevertheless, the role of green rating tools in improving indoor environmental
quality and occupant experience in green buildings is uncertain [3]. A contradictory body of knowledge
regarding the impact of green buildings on employees and occupant satisfaction has been reflected
in earlier studies as a result of varying research methods and measures [4]. Occupant experience
and environmental satisfaction in offices are influenced by several environmental conditions such as
thermal, visual, acoustics, and air quality, as well as workplace features such as privacy, furniture,
needs, cleanliness, and environmental controls [5,6].

Most green building occupant satisfaction studies come from the U.S. and the U.K,, and there
are emerging studies from Asia, especially China [7]. The number of green building occupant
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satisfaction studies from Australia is small. Australia launched the Green Star programme in 2003;
until December 2017, 1462 projects had been certified. There is an urgent call for examination of
these certified buildings. To meet this call, this research presents an occupant satisfaction study on
Green Star buildings in Australia. Particularly, this study focuses on the higher educational sector.
Many universities are investing billions of dollars into constructing green buildings showcasing their
sustainability commitment [8]. These green buildings are used for science laboratories to incubate
innovative green technologies; they are also used for offices to facilitate academic and research activities.
The study aims to provide evidence from users’ experience to examine these green education facilities.

2. Literature Review

Many studies can be found on the relationship between green certifications and indoor
environmental quality (IEQ) investigating occupant satisfaction with factors such as thermal comfort,
air quality, lighting, and noise. There are also papers considering other parameters in relation
to building design and facilities management (BD&FM) such as privacy, environmental control,
cleanliness, operation and maintenance, design, aesthetics, image, needs, ease of interaction with
co-workers, furniture, health, and productivity.

The available survey data from the Centre of the Built Environment (CBE) at the University of Berkley
in California have been used in several studies analyzing LEED (Leadership in Energy and Environmental
Design) buildings [5,9-11], resulting in a large amount of data being used in these papers. In terms of
thermal comfort satisfaction, most studies detected a higher performance in LEED buildings compared
with in conventional buildings. However, several studies indicated no significant difference in the
thermal performance of LEED and non-LEED buildings [5]. Indoor air quality (IAQ) was also perceived
more satisfactory in LEED buildings when compared with non-green buildings [9-13]. The lighting
and noise performance of LEED buildings showed significant inconsistency in the literature. In terms
of lighting performance in LEED buildings, most papers detected no significant differences [5,9,11].
However, two studies indicated a higher satisfaction score [12,13], and two papers [10,14] reported a lower
satisfaction score in LEED buildings. As reflected in the literature, LEED buildings are the least successful
in terms of noise performance as the majority of papers either reported no significant differences [5,9,11],
or lower satisfaction scores [10,12,14] in LEED buildings in comparison with in non-LEED buildings.
One paper [15], however, reported a higher satisfaction score in overall noise performance of LEED
buildings, and another study [15] indicated that noise from HVAC (Heating, ventilation, and air
conditioning) was perceived to be more satisfactory in LEED buildings. Abbaszade et al. [9] emphasized
the necessity for improvements in lighting controls and sound privacy through the accommodation of
innovative strategies in open-plan offices in both LEED and non-LEED buildings. In terms of BD&FM,
most papers [10,13-15] reflected a more satisfactory performance in LEED buildings.

Studies focused on BREEAM (Building Research Establishment Environmental Assessment
Method) (the most common certification tool in Europe) reflected an inconsistent result in analyzing
various IEQ and BD&FM parameters. In terms of overall thermal performance, two studies [16,17]
reported lower satisfaction scores, while another paper [3] showed satisfaction scores were comparable
in BREEAM and non-BREEAM buildings with no significant differences. All papers studying IAQ [3,18]
reported lower satisfactory results in BREEAM buildings compared with in their conventional
counterparts. Lighting performance in BREEAM buildings, however, was slightly better than other
IEQ parameters, as two papers [16,17] detected higher and two papers [3,18] reported no significant
differences in satisfaction in the green and non-green groups. No significant differences in the
noise performance of BREEAM and non-BREEAM buildings were perceived according to the
literature [3,16-18]. In one study [18], noise from outside was scored lower in BREEAM buildings than in
non-green buildings. One study [3] reported that the satisfaction results in BREEAM and non-BREEAM
buildings were not significantly different, particularly in regard to sound privacy, the ease of interaction
with colleagues, cleanliness, and workplace satisfaction. The study also reported a lower satisfaction
level in visual privacy in BREEAM-certified buildings compared with in conventional buildings [3].
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Indoor environmental controls in BREEAM buildings scored no significant differences in the two
compared groups [16]. In one study [16], operation and maintenance achieved higher satisfaction in
BREEAM buildings when compared with their conventional counterparts.

Some studies have investigated Green Star buildings in Australia, and have particular relevance
for our study. Some papers reported no significant differences in the performance of Green
Star buildings compared with conventional buildings, particularly in overall perceived thermal
comfort [19,20], lighting [19], ventilation [19], and noise [19] performance. In another Australian-based
study [21], a wide spectrum of Green Star building performances was evident, with some
high-profile green buildings outperforming their conventional counterparts, but some green buildings
underperformed when compared with conventional buildings. The same study [18] reported less
satisfactory performances for Green Star buildings by showing green buildings underperforming
their conventional counterparts in terms of thermal comfort satisfaction and perceived productivity.
The study [21] also demonstrated that Green Star buildings generally outperformed the conventional
buildings in terms of perceived health, building image, and addressing occupant needs.

3. Research Hypotheses

The literature review discloses the common satisfaction aspects investigated in previous studies,
mainly covering indoor environment quality (IEQ), building design (BD), and facilities management
(FM). The hypothesis of green buildings outperforming non-green buildings turned out to be
inconsistent, especially in terms of IEQ factors, while less inconsistent on BD&FM. The previous
studies discussed many environmental factors (such as environmental control and ventilation) and
non-environmental factors (such as gender, age, and occupancy conditions) which influenced the
occupant satisfaction outcome. For the present study, four hypotheses are to be tested:

Hypothesis 1. Compared with non-green building users, green building users are more consistently satisfied
with BD&FM.

Hypothesis 2. Compared with non-green building users, green building users are less consistently satisfied
with IEQ.

Hypothesis 3. Environmental factors (environmental controls and ventilation types) significantly influence
occupant satisfaction in green and non-green buildings.

Hypothesis 4. Non-environmental factors (age, gender, being close to a window, hours spent in the building
and in their workstations, and number of people sharing office space) significantly influence occupant satisfaction
in green and non-green buildings.

4. Methodology

4.1. Building Selection

The sample for this study was selected from three major cities in Australia: Brisbane, Sydney,
and the Gold Coast. Based on Koppen’s climate classification, the climate conditions in these three cities
are categorized as subtropical, with hot and humid summers and moderately dry, warm winters [22].
The seasonal temperature variation is relatively small in all cities. The average seasonal temperature
range is 10 °C to 30 °C for Brisbane, 13 °C to 23 °C for Sydney, and 12 °C to 29 °C for the Gold
Coast [23]. Due to higher average temperatures in summer, Brisbane and the Gold Coast experience
slightly warmer summers compared with Sydney. Average relative humidity is estimated as 50% for
Brisbane, 65% for Sydney, and 60% for the Gold Coast [23].

The criteria for selecting buildings were as follows: located in an Australian subtropical
climate; a higher education building; Green Star certified if rated as green; accommodating office
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spaces for academic and administrative staff; and finally, occupied for more than twelve months.
The investigation to find appropriate case studies involved visiting each building in order to obtain
approvals from building managers. Finally, five green and nine non-green buildings were selected for
the survey (Figure 1).

Figure 1. Surveyed green and non-green buildings: (a) Advanced Engineering Building (Green building
no. 1); (b) Global Change Institute (Green building no. 2); (c¢) Mirvac School of Sustainable Development
(Green building no. 3); (d) Sir Samuel Griffith Centre (Green building no. 4); (e) TYREE Energy
Technologies Building (Green building no. 5); (f) Science, Engineering and Architecture Building
(Non-green building no. 1); (g) Business School (Non-green building no. 2); (h) Griffith Environment
Building 1 (Non-green building no. 3); (i) Griffith Science Building 1 (Non-green building no. 4); (j) Griffith
Institute for Drug Discovery 1 (Non-green building no. 5); (k) Griffith Science Building 2 (Non-green
building no. 6); (1) Willett Centre (Non-green building no. 7); (m) Griffith Environment Building 2
(Non-green building no. 8); (n) Griffith Institute for Drug Discovery 2 (Non-green building no. 9).
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A paper questionnaire survey seeking occupant perceptions of a range of parameters was
distributed throughout these buildings. Survey collections were undertaken one week after distribution.
To increase participation and ensure a healthy response rate, paper surveys were selected as an
alternative solution to web-based questionnaires. The aim was to obtain at least a 75% response rate in
all buildings. The data collection of surveys started in March 2016 and was finalized in September 2017.
The survey consisted of a two-page paper questionnaire developed by Building Use Studies (BUS) [24].
The BUS methodology survey was considered relevant, having been effectively applied in various
research works worldwide [25-27]. The dataset sample in this study reflects 631 responses from the
5 Green-Star-certified and 9 non-green buildings.

4.2. Surveys (BUS Method)

The questionnaire consists of two major sections: background information and satisfaction scores.
Background information concerns participant basic information regarding age, gender, the time they
started working in the building, the location of participant offices in terms of distance to a window,
office layout, and the duration of stay in the building, further including duration at desks, and duration
behind visual display units. The second part of the survey consists of 48 questions requiring scores on
a 7-point scale for different building parameters. The 7-point scale response has been designed to cover
a wide range of occupant experiences and satisfaction levels [16]. A value rate in the bottom three
points of the 7-point scale is considered to be dissatisfaction, and the top three rates are considered to
be satisfaction [24].

The 45 occupant satisfaction questions include IEQ parameters and BD&FM factors [16]
(see Table 1). IEQ parameters include questions regarding temperature in summer and winter, noise,
and lighting. The BD&FM parameters obtain opinions regarding building image, design, space, safety,
cleaning, the availability of meeting rooms and storage, occupant health, productivity and behavior,
and response to problems. A more detailed description and the full text of the BUS surveys are included
in Baird and Thompson [28].

Table 1. Survey questionnaire structure and format detail.

Elements Survey Satisfaction Category Aspects

Thermal comfort, thermal sensation, and

Temperature in summer s
P temperature stability

Thermal comfort, thermal sensation, and
temperature stability in your workplace

IEQ (Indoor Environment Quality) Temperature in winter

Air quality (stillness, dryness, freshness, odors, and

Alr quality overall satisfaction)

Amount of light (overall, natural light, artificial light,

Lighting glare from sky and sun, glare from artificial lights)

Noise (overall, noise from colleagues, noise from
Acoustics other people, noise from inside, noise from outside,
unwanted interruptions)

Building design, needs, spaces, image, safety,
The building overall cleaning, availability of meeting rooms, suitability of

BD&FM (Building Design & storage arrangements, furniture, space at desk

Facilities Management) Health The change on general health
Productivity The change on working productivity
Effect on behavior Change of behaviors because of building conditions

Requests submitted for maintenance and operation

Response to problems of heating, cooling, ventilation, lighting

4.3. Dataset Descriptions

Tables 2 and 3 summarize the sample characteristics of green and conventional building
sets, respectively. All buildings in both groups are higher education institutional buildings and
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accommodate spaces for academic offices and other higher education activities, such as research
and administration. They are equipped with various types of ventilation systems (air-conditioned,
zoned mixed-mode ventilation, and changeover mixed-mode ventilation) and environmental controls
(automated and manual).

Both comparison sets have a large variation in terms of building sizes (from 15 to 400 occupants).
To show a consistency in building sizes in the comparison groups, we used building size benchmarking
suggested by the U.S. Energy Information Administration [1]. Based on gross floor area (GFA),
buildings in both comparing sets were divided into three groups of small, medium, and large.
Small includes buildings with GFA equal to or lower than 4645 m?; medium includes buildings
with GFA between 4645 m? and 18,580 m?; and large includes buildings with GFA higher than
18,580 m?. As presented in Tables 4 and 5, both building sets include at least one building from each
building size group. In terms of urban location, both comparing groups incorporate buildings in urban
and suburban regions. The building age of both building groups was compatible as all buildings were
either built or renovated after 2007. In terms of sample size, we had more buildings in the non-green
group than in the green building set. However, the average number of responses per building was
compatible in the two comparing sets. On average, we gathered 32.6 responses per building in the
green building set and 52 responses per building in the non-green building set (Table 4).

The distribution of individual occupant responses in the two building sets in terms of occupant
characteristics, spatial layout, workspace features, and working activities is presented in Table 5. In both
building sets, the majority of users were included in the age group of over 30 years old. The number of
males and females in green and non-green buildings was almost equally distributed. In both building
sets, the majority of occupants (37% in green and 29% in non-green) indicated occupying a workspace
shared with more than 8 people. Private offices occupied by only one person were the second most
common in both groups (32% in green and 28% in non-green). Sharing with one person was the least
common in both sets (2% in green and 10% in non-green), yet it was much less common in green
buildings compared with in the non-green group. Surprisingly, sitting next to no windows was slightly
more common in green buildings, whereas in the non-green set, the distribution of occupants sitting
next to a window (49%), and not sitting next to a window (51%) was almost equal. The majority
of participants (79% in green and 81% in non-green) had worked in the buildings for more than a
year in both building groups. In terms of work-related activities, the relative majority of respondents
self-declared their job type as research in both groups (73% in green and 30% in non-green).
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Table 2. Summary of the features of the green building sets.

GFA (Gross

No. Certificate Type University Urban Setting Location Built/Reno Floor Area) (m2) Measured Dates ~ Sample Size Ventilation
1 5 Star GAr:%rL]l:l)f sign & Research University of Queensland Urban Brisbane 2014 18,000 2017 53 Large MM *
2 6 Star aﬂ:%nu]i?te sign & Academic University of Queensland Urban Brisbane 2013 3865 2017 11 Small MM
3 6 Star CX:eBrL]l?te sign & Academic Bond University Suburban Gold Coast 2007 2017 15 Small MM
g oSt G;:%rl‘lgt%ign & Academic Griffith University Suburban Brisbane 2014 7299 2016 32 Medium ~ AC*
5 6 Star GArS;L]ie sign & Research  University of New South Wales Urban Sydney 2012 15,000 2014 52 Large AC

* MM represents mixed-mode buildings, which have a changeover combination of natural ventilation and an active cooling system. ** AC represents air conditioning.

Table 3. Summary of the features of the conventional building sets.

No Type University Setting Location Built/Reno GFA (m?) Measured Dates Sample Size Ventilation
1 Academic  Griffith University Urban Gold Coast 2010 7266 2017 39 Medium AC**
2 Academic  Griffith University Urban Gold Coast 2014 7498 2017 47 Medium AC
3 Academic  Griffith University =~ Suburban Brisbane 2012 7815 2017 46 Medium AC
4 Academic Griffith University Suburban Brisbane 2011 3308 2017 25 Small AC
5 Research Griffith University =~ Suburban Brisbane 2007 2327 2017 20 Small AC
6 Academic  Griffith University =~ Suburban Brisbane 2010 10,322 2017 46 Large MM *
7 Library Griffith University Suburban Brisbane 2016 18,227 2017 151 Large AC
8 Academic  Griffith University =~ Suburban Brisbane 2009 7,507 2017 49 Medium AC
9 Research Griffith University Suburban Brisbane 2008 4,469 2017 45 Small AC

* MM represents mixed-mode buildings, which have a changeover combination of natural ventilation and an active cooling system. ** AC represents air conditioning.
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Table 4. Dataset descriptions of the selected case studies.

Number of Responses

Dataset Green Star Non-Green Star Total per Building (Average)
Number of buildings 5 9 14 32.6
Number of

163 468 631 52
occupant responses

Table 5. The distribution of individual occupant responses in the two building sets in terms of occupant
characteristics, spatial layout, workspaces features, and working activities.

Individual Occupant Responses

Non-Environmental Factors Groups Green Star Non-Green Star
Number (Percentage) Number (Percentage)
Ace Age <30 57 (34%) 96 (20%)
& Age > 30 106 (65%) 369 (79%)
S Male 95 (59%) 225 (49%)
X Female 66 (41%) 238 (51%)
Nominated only by 1 52 (32%) 132 (28%)
Shared office with 1 other 3 (2%) 45 (10%)
Spatial layout Shared office with 2—4 others 29 (18%) 78 (17%)
Shared office with 5-8 others 18 (11%) 73 (16%)
Shared office with more than 8 61 (37%) 137 (29%)
Sit next to a window 72 (44%) 228 (49%)
Workplace features No window nearby 91 (56%) 236 (51%)
Worked tlyr:at:z blel;lrdmg less 32 (29%) 90 (19%)
Building occupation Y
Worked in the building more 79 (71%) 374 (81%)
than a year
Research 114 (73%) 123 (30%)
Academic 23 (15%) 60 (15%)
Working activity type Information services 1 (1%) 107 (26%)
Administration 10 (6%) 69 (17%)
Management 9 (6%) 43 (11%)

4.4. Statistical Technique

STATA 13.0 software was used to conduct the statistical analysis for this research. The mean (M)
satisfaction scores for the two comparing building sets regarding 45 different indoor environmental
quality parameters were determined. The theoretical framework utilized in this study is adapted from
the study by Lin and Liu [29]. In this research, the standardized size of the mean difference (effect
size index) between the two building sets was calculated using Spearman Rank Correlation (Rho).
The effect size is an index for calculating the magnitude of effect or association between two or more
predictor variables [30]. For the purpose of benchmarking effect sizes, Cohen [31] defined an effect size
smaller than 0.20 as negligible, equal to 0.20 as small, equal to 0.50 as moderate, and equal to or larger
than 0.80 as large effect size. For the purpose of correlation study, pairwise correlations were conducted
to determine correlation coefficient and statistical significance. In addition, the statistical significance of
mean differences or null hypothesis was also calculated. The null hypothesis examines the significance
of statistical differences based on the Bonferroni method [32]. The correlation is statistically significant,
and the null hypothesis is rejected, if the p-value is less than 5% (p < 0.05) [32].

In order to increase the significance of the results, individual user scores were utilized instead of
average scores from each building. Accordingly, 631 datapoints were considered instead of 15 which
was the number of buildings in the dataset. This helps to consider the effect of other influencing factors
such as workstation features or space layout in the analysis. In fact, using an average score from each
building as a statistical unit would artificially increase variance and, thus, would reduce correlation
coefficients, which would lead to the loss of information [5]. With the method of utilizing individual
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participant responses as a statistical unit, for example, a building with only 11 responses would not be
statistically equal to a building with 151 participants. This paper focuses on user satisfaction in green
buildings rather than individual green building performances.

5. Results

5.1. IEQ Satisfaction

Figure 2 compares green and non-green buildings in terms of IEQ satisfaction. It shows similarities
and differences between the two groups. The inferential t-test revealed statistically significant
differences between the performance of Green Star and conventional buildings in terms of most
IEQ parameters, particularly in overall thermal comfort (p-value = 0.004 in winter; p-value = 0.001
in summer), overall air satisfaction (p-value = 0.000 in winter; p-value = 0.000 in summer), and
overall noise satisfaction (p-value = 0.006). Green buildings outperformed conventional buildings in
thermal (AM = 0.34 in winter; AM = 0.54) and IAQ parameters (AM = 0.52 in winter; AM = 0.68 in
summer). In terms of noise, conventional buildings outperformed Green Star buildings (AM = —0.45).
No significant differences in lighting scores (p-value = 0.301) were detected in the two comparison
groups. The IAQ and thermal performance of green buildings scored slightly higher in summer
(AM = 0.68 in TAQ; AM = 0.54 in thermal) than in winter (AM = 0.52 in IAQ; AM = 0.34 in thermal).

= Green Buildings === Non-Green Buildings

TWOVER
LTARTNGL 7 - TWHOT
LTART  TWSTABLE
LTNATNGL 6 - _ ATRWSTIL
LTNAT . AIRWDRY
LTOVER ., AIRWFRESH
NSEINTERRUPTION | . ‘ ATRWODOURL
NSEOQUTSIDE ' ATRWOVER
NSEINSIDE TSOVER
NSEPEOPLE 'TSHOT
NSECOLL ' ' - : "TSSTABLE
NSEOVER i ' "ATRSSTIL
AIRSOVER ) : "ATRSDRY

AIRSODOURL AIRSFRESH

Figure 2. Comparison analysis of IEQ parameters in green and non-green building sets.

A more detailed analysis of the 27 IEQ parameters showing the mean values, standard deviations,
the difference in standard errors, the difference in mean values, effect sizes, and the statistical
significances (p-value) of satisfaction scores in Green Star and conventional buildings is presented
in Table 6. Numbers in bold italics show statistically significant t-tests with p-values less than 0.05,
and substantive effect sizes with values more than 0.20.
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Table 6. Mean satisfaction scores in IEQ parameters.

10 of 21

[EQ Parameters Green Buildings Non-Green Buildings Diff AM Rho p-Value
M SD M SD SE
TWOVER (Overall 529 2.64 497 2.19 0.153 0.34 0.14 0.004 **
comfort in winter)
TWHOT (Temperature 452 2.18 461 1.92 0109  —0.09  —0.05 0.225
in winter)
TWSTABLE
(Temperature stability 3.95 2.30 4.07 2.19 0.172 —0.12 —0.05 0.150
in winter)
AIRWSTIL (Air 3.95 2.05 3.45 1.78 0.138 0.50 027%  0.001*
movement in winter)
AIRWDRY (Air dryness 5 ¢ 1.85 3.38 1.70 0.122 0.39 0.22%  0.001*
in winter)
AIRWFRESH (Air 343 1.99 413 1.96 0145  —071 —0.36*  0.000*
freshness in winter)
AIRWODOURL (Air 3.19 1.85 345 1.86 0153  -026  —0.14 0.085
odors in winter)
AIRWOVER (Air 533 2,01 481 2.06 0.143 0.52 0.26*  0.000**
overall in winter)
TSOVER (Overall 488 1.90 434 1.99 0.169 0.54 0.28*  0.001*
comfort in summer)
TSHOT (Temperature 3.97 1.54 426 1.84 0143  —029 —016  0.047*
in summer)
TSSTABLE
(Temperature stability 3.95 191 4.36 2.08 0.172 —0.41 —0.20 0.018 **
in summer)
AIRSSTIL (Air 3.62 146 3.43 1.67 0.136 0.20 0.12 0.144
movement in summer)
AIRSDRY (Air dryness 4.09 148 411 1.83 0140  —0.02  —0.01 0.904
in summer)
AIRSFRESH (Air 3.55 1.74 436 1.88 0150  —081 —0.44*  0.000*
freshness in summer)
AIRSODOURL (Air 3.13 1.78 3.62 1.84 0157  —048 —026*  0.002*
odors in summer)
AIRSOVER (Air overall 494 1.87 427 1.93 0.159 0.68 0.35*  0.000**
in summer)
NSEOVER 437 2.07 482 2.01 0162  —045 —022%  0.006 **
(Noise overall)
NSECOLL (Noise 438 1.69 433 1.64 0.128 0.05 0.03 0.697
from colleagues)
NSEPEOPLE (Noise 449 1.74 412 1.62 0.130 0.38 023*  0.004*
from other people)
NSEINSIDE (Noise 440 1.78 3.92 1.58 0.132 0.49 0.30*  0.000**
from inside)
NSEOUTSIDE (Noise 4.02 1.84 3.78 1.65 0.141 0.24 0.14 0.089
from outside)
NSEINTERRUPTION
(unwanted noise 4.10 1.90 4.04 1.91 0.157 0.06 0.03 0.691
interruptions)
LTOVER
(Overall lighting) 5.60 1.87 5.46 1.90 0.137 0.14 0.07 0.301
LTNAT . -
(Natural lighting) 4.07 1.69 3.53 1.81 0.150 0.55 0.31 0.000
LTNATNGL (Glare 328 1.90 2.96 1.96 0.174 0.32 0.16 0.067
from natural lighting)

LTART B P -
(Artificial lighting) 432 1.37 465 1.56 0.100 0.33 022*  0.001
LTARTNGL (Glare from 5 5 1.73 3.72 1.78 0147  —036 —020  0.015*

artificial lighting)

* Rho more than 0.20; ** p-value less than 0.05.
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Green buildings achieved significantly higher satisfaction in some IEQ parameters including
overall air in summer (Rho = 0.35), overall comfort in summer (Rho = 0.28), air dryness in winter
(Rho = 0.22), overall air in winter (Rho = 0.26), air movement in winter (Rho = 0.35), natural light
(Rho = 0.31), and inside noise (Rho = 0.30).

However, the green building set gained lower satisfaction scores in a number of IEQ parameters,
such as air freshness in both summer (Rho = —0.44) and winter (Rho = —0.36), air odors in summer
(Rho = —0.26), artificial lighting (Rho = —0.22), and overall noise (Rho = —0.22). The maximum differences
in the mean values of satisfaction scores belonged to air freshness in summer with a negative difference
in mean values of —0.81 (the mean score of green buildings minus the mean score of conventional
buildings), and air overall in summer with a positive difference in mean values of 0.68.

The inferential tests showed that users of Green Star and non-Green Star buildings had similar
satisfaction scores, with p-value more than 0.05 in regard to some IEQ factors, such as temperature in
winter (Rho = —0.05), temperature stability in winter (Rho = —0.05), air odors in winter (Rho = —0.14),
air movement in summer (Rho = 0.12), air dryness in summer (Rho = —0.01), noise from colleagues
(Rho = 0.03), noise from outside (Rho = 0.14), unwanted interruptions (Rho =0.03), overall lighting
(Rho = 0.07), and glare from natural lighting (Rho = 0.16).

In regard to IEQ parameters, the comparative analysis of satisfaction scores in green and
conventional buildings detected a significant correlation between Green Star certifications and occupant
satisfaction with workplace environments.

5.2. BD&FM Satisfaction

Figure 3 compares green and non-green buildings in terms of BD&FM satisfaction. The mean
satisfaction scores, standard deviations, the difference in standard errors, mean differences, effect sizes,
and statistical significances of satisfaction scores regarding BD&FM parameters are presented in Table 7.
Figures in bold italics show statistically significant t-tests with p-values less than 0.05, and substantive
effect sizes with values more than 0.20.

e=fe Green Buildings ~— ==S==Non-Green Buildings
DESIGN
BEHAVIOUR To- NEEDS

EFFECT . 6— SPACEBUILD

SPEED . IMAGE
RESYN SAFETY
HEALTH CLEANING
PROD * MEETING
COMFOVER ) ) v " STORAGE
SPACEDESK - WORKREQ
FURNITURE

Figure 3. Comparison analysis of BD&FM parameters in green and non-green building sets.
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Table 7. Mean satisfaction scores in BD&FM parameters.

BD&FM Parameters Green Buildings Non-Green Buildings 1. 614 Err.  AM Rho  p-Value
M Std. Dev M Std. Dev
DESIGN 5.15 2.49 479 1.56 0.139 0.36 0.20 0.000 **
NEEDS 5.13 2.49 496 148 0.139 0.17 0.09 0.016 **
SPACEBUILD (Spacein o, 245 488 148 0.139 007  —004 0631
the building)
IMAGE 6.22 2.59 458 175 0.142 1.65 0.84*  0.000**
SAFETY 593 2.63 5.85 1.30 0.113 0.08 0.05 0.131
CLEANING 5.89 257 434 1.66 0.145 155 0.81*  0.000**
MEETING 523 252 491 1.70 0.145 031 0.16 0.003 **
STORAGE 482 250 4.60 1.74 0.157 0.22 0.11 0.044 **
WORKREQ 5.11 2.50 530 1.72 0.132 —019  —0.10 0.883
(Work requirements)
FURNITURE 5.49 247 533 142 0.120 0.16 0.09 0.225
SPACEDESK (Space 459 226 495 257 0212 037 —015  0.054
at desks)
COMFOVER 5.19 1.60 498 1.66 0.128 021 0.13 0.107
(Overall comfort)
PROD (Productivity) 545 212 4.99 2.17 0.161 0.46 0.22 0.004 **
HEALTH 457 1.42 3.90 141 0.105 0.67 047*  0.000**
RESYN (Request change 1.67 0.90 1.54 0.61 0.063 0.13 0.20 0.038 **
in the building)
SPEED (Speed of 403 1.90 3.99 244 0.360 0.04 0.02 0918
response to problems)
EFFECT (Effect of 3.89 1.89 3.83 2.39 0.370 0.06 0.03 0.871
response to problems)
BEHAVIOUR (Occupant 1.53 0.83 1.50 0.74 0.056 0.03 0.03 0.450

behavior change)

* Rho more than 0.20; ** p-value less than 0.05.

In terms of BD&FM factors, green buildings had significantly higher scores compared with
non-green buildings, particularly in parameters such as image (Rho = 0.84) and cleaning (Rho = 0.81)
with large effect sizes. With medium effect sizes, health (Rho = 0.47) and productivity (Rho = 0.22)
scored higher in green buildings than in their conventional counterparts. The maximum difference in
mean satisfaction scores regarding BD&FM parameters belonged to image (AM = 1.65), and cleaning
(AM = 1.55), both with positive values in mean differences (the mean score of green buildings minus
the mean score of conventional buildings).

These results confirm that the green building users were more significantly satisfied than the
non-green building users with most BD&FM parameters, such as design, needs from facilities,
building image, cleaning, the availability of meeting rooms, and storage. Perceived productivity and
health was also reported higher in green buildings. Although occupant satisfaction was higher in green
buildings, there were also more reported requests to fix problems in these buildings. This suggests
that expectations and hopes of fixing problems are higher in green buildings than in conventional
buildings. In green buildings, the most common complaint was noise, whereas in conventional
buildings, more complaints about HVAC systems and temperatures were reported.

5.3. The Influence of Environmental Factors

To study the effect of indoor environmental factors on satisfaction scores, we conducted pairwise
correlation studies to analyze the influence of individual controls and ventilation types.
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5.3.1. Individual Control

Although research has shown that personal control could significantly improve thermal comfort
perceptions [33], the extent and comparison of the effect of personal controls in green and non-green
buildings has not been studied. We analyzed the impact of perceived individual controls on satisfaction
scores concerning five parameters including heating, cooling, ventilation, lighting, and noise.
A pairwise correlation analysis showing the relationship between the following parameters is presented
in Table 8: (1) heating control and thermal comfort in winter; (2) cooling control and thermal comfort
in summer; (3) ventilation control and overall air quality satisfaction; (4) lighting control and overall
lighting satisfaction; and (5) noise control and overall noise satisfaction.

Perceived controls in all five parameters were only significantly correlated with satisfaction
scores in non-green buildings. Perceived heating control had a significant correlation (p-value = 0.000)
with thermal comfort satisfaction in winter in non-green buildings, while no significant correlations
were found between perceived heating control and winter thermal comfort in green building group.
Cooling control was also strongly correlated with summer thermal comfort in the non-green building
set (p-value = 0.000). Ventilation control significantly influenced overall air satisfaction (p-value = 0.018)
in non-green buildings. Perceived control over lighting and noise in non-green buildings significantly
correlated with satisfaction with overall lighting (p-value = 0.000) and acoustics (p-value = 0.000),
whereas in green buildings, no significant correlations were detected between perceived control
and satisfaction.

Table 8. The influence of perceived control on overall satisfaction scores.

. . . . Perceived Satisfaction Pairwise
Perceived Personal Control—Perceived Satisfaction Control (M) ™) Correlation p-Value
Heating—thermal comfort in winter Green 242 496 0.10 0.410
Non-Green 2.51 5.29 0.26 0.000 **
Cooling—thermal comfort in summer Green 2.92 488 0.01 0.957
Non-Green 2.56 4.34 0.28 0.000 **
Ventilation—average of overall air in Green 3.03 5.12 0.07 0.579
winter and summer Non-Green 2.29 4.55 0.11 0.018 **
Lighting—overall light Green 2.78 5.60 0.16 0.184
Non-Green 3.59 5.46 0.17 0.000 **
R . Green 227 4.37 0.35 0.003
Noise—overall noise
Non-Green 2.48 4.82 0.24 0.000 **

** p-value less than 0.05.

5.3.2. Ventilation

This section reports the results of the influence of ventilation systems on occupant satisfaction
in the green and non-green buildings. The difference in mean scores, effect sizes, and correlation
significances is reported in Table 9.
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Table 9.  Statistical analysis of ventilation influence on satisfaction scores in green and
non-green buildings.

M
IEQ Parameters Ventilation AM Rho p-Value
Green Non-Green
* .
TWOVER (Overall comfort in winter) AC 555 496 0.59 0.7 0.003
MM ** 5.12 4.92 0.20 0.12 0.566
LR
Thermal TWHOT (Temperature in winter) AC 555 4.63 0.92 075 0.000
MM 5.12 4.47 0.64 0.45 0.037
TWSTABLE (Temperature stability in winter) AC 345 409 —0.64 ~036 0.005 =
MM 4.16 3.89 0.27 0.16 0.472
Winter AIRWSTIL (Air movement in winter) AC 3.66 345 021 0.14 0.264
MM 4.06 3.38 0.68 0.55 0.014 ***
.
AIRWDRY (Air dryness in winter) AC 382 3.35 0.46 0.36 0.005
MM 3.54 3.58 —0.04 —0.03 0.878
i — —_ E2 2
Air AIRWFRESH (Air freshness in winter) AC 3.68 416 0.48 0.32 0.010
MM 3.27 3.84 —0.57 —0.35 0.109
AIRWODOURL (Air odors in winter) AC 345 345 0.00 0.00 0990
MM 2.90 3.47 —0.58 —0.38 0.085
LR
AIRWOVER (Air overall in winter) AC 542 480 062 041 0.001
MM 5.20 4.84 0.36 0.24 0.271
.
TSOVER (Overall comfort in summer) AC 525 4.34 091 0.52 0.000
MM 427 4.33 —0.05 —0.03 0.891
Thermal TSHOT (Temperature in summer) AC 406 431 0% —017 0.188
MM 3.84 3.79 0.05 0.03 0.882
_ _ .
TSSTABLE (Temperature stability in summer) AC 3.60 4.36 0.76 043 0.001
MM 4.62 433 0.29 0.16 0.445
Summer AIRSSTIL (Air movement in summer) AC 3.57 341 0.17 012 0.369
MM 3.64 3.61 0.03 0.02 0.916
AIRSDRY (Air dryness in summer) AC 3.80 410 —030 —0.21 0.116
MM 4.59 4.19 0.40 0.30 0.156
. _ _ .
Air AIRSFRESH (Air freshness in summer) AC 365 441 075 049 0.000
MM 3.56 3.98 —0.42 —0.24 0.246
AIRSODOURL (Air odors in summer) AC 348 3.62 —0.15 —0.09 0497
MM 2.92 3.54 —0.62 —0.40 0.057
.
AIRSOVER (Air overall in summer) AC 513 4.30 0.83 0.51 0.000
MM 457 3.98 0.59 0.34 0.108

* AC represents air conditioning; ** MM represent mixed-mode buildings, which have a changeover combination of
natural ventilation and an active cooling system; *** p-value less than 0.05.

In thermal comfort, green buildings outperformed non-green air-conditioned (AC) buildings,
while in mixed-mode (MM) buildings, no differences were detected in the thermal performance of
the two comparison groups (green and non-green). In AC buildings, satisfaction with overall IAQ
achieved higher scores in green buildings compared with in non-green buildings. Overall IAQ in MM
buildings achieved comparable scores in green and non-green buildings. In terms of overall IAQ,
the performance of green buildings in winter was perceived to be more satisfactory than in summer.
In winter, indoor air was scored significantly more humid in AC green buildings and more stable
in MM green buildings. In terms of air freshness, no significant differences in MM buildings were
detected; nevertheless, non-green AC buildings achieved higher air freshness scores compared with
green AC buildings.

This analysis showed that ventilation type affected satisfaction scores. The green buildings
which had AC systems underperformed non-green buildings in terms of air freshness. Overall IAQ
and overall thermal comfort in AC green buildings scored significantly higher when compared with
non-green buildings, while no significant differences in overall scores were detected in MM buildings.
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5.4. The Influence of Non-Environmental Factors

To conduct a deeper analysis of the results, the influence of non-environmental factors such as
age, gender, being close to a window, houses spent in the building and in the workstation, and number
of people sharing office space was analyzed (Table 10). Statistical analysis of the mean comparison
test was undertaken and effect sizes were calculated to explore whether non-environmental factors
significantly affected satisfaction in green and non-green buildings.

The analysis of age groups (under 30, and 30 or above) revealed that for the group aged under 30,
no statistical difference in satisfaction scores was detected between green and non-green buildings
(Rho = —0.09). However, for the group aged 30 or above, the green building group achieved slightly
higher satisfaction scores than the non-green building group (Rho = 0.28), suggesting that participant
age might have an influence on satisfaction scores when comparing green and non-green buildings.

The statistical analysis of t-tests and the effect size of mean differences showed that gender
had no significant influence on occupant satisfaction in Green Star and non-Green Star buildings.
Negligible effect sizes were detected for both gender groups of male (Rho = 0.14 and p-value = 0.256)
and female (Rho = 0.18 and p-value = 0.212).

Table 10. The influence of non-environmental factors on overall comfort scores in green and
non-green buildings.

M
Non-Environmental Factors Type AM Rho p-Value
Green Non-Green
Age Under 30 4.88 5.00 —0.13 —0.09 0.612
8 30 or above 535 497 038 028+ 0.014 **
Gend Male 5.17 4.97 0.20 0.14 0.256
ender Female 523 499 0.24 0.18 0.212
Wind Next to a window 5.57 5.20 0.37 0.27 % 0.051
mdow Not next to a window 4.88 476 0.12 0.09 0.485
Started working in Less than a year 5.58 5.48 0.10 0.08 0.698
the building A year or more 5.40 4.86 0.53 0.39 * 0.002 **
Started working in Less than a year 5.51 543 0.08 0.06 0.749
the workstation A year or more 5.42 4.87 0.55 0.40 * 0.002 **
1 only 5.22 5.16 0.05 0.04 0.825
2 6.33 5.16 1.17 0.82* 0.177
Office occupied by 3-5 4.72 4.81 —0.08 —0.05 0.805
6-9 4.44 4.75 —0.31 —0.21* 0.422
More than 9 5.55 4.95 0.60 0.50 * 0.002 **

* Rho more than 0.20; ** p-value less than 0.05.

As participants were divided into two groups of sitting next to a window and not sitting next to a
window, a small difference in the performance of green and non-green buildings was detected among
participants in the group of sitting next to a window. A small effect size of mean differences between
satisfaction scores in green and non-green buildings was observed in the group of sitting next to a
window (Rho = 0.27 and p-value = 0.051). This suggests that the performance of green and non-green
buildings was comparable among participants who sit far from a window, whereas green buildings
achieved slightly higher scores from participants who sit next to a window.

To investigate the effect of the length of time occupants had been working in their current
buildings and workstations, participants were grouped into two groups of less than a year, and a
year or more. Participants who had been working in their buildings for a year or more reflected
significant differences in satisfaction scores (Rho = 0.39 and p-value = 0.002) between green and
non-green buildings, whereas for those who had worked in their current building for less than a year,
satisfaction scores were comparable in green and non-green buildings (Rho = 0.08 and p-value = 0.698).
Similar results were found in regard to time spent in workstations, showing that participants who
spent less than one year in their workstations reflected no significant differences between green and
non-green buildings. High statistical differences between satisfaction scores in green and non-green
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buildings were marked by participants who spent a year or more in their workstations (Rho = 0.40
and p-value = 0.002). This finding showed that becoming used to changes and settling down in
current workplaces affects occupant satisfaction and should be considered as an influential factor
when comparing green and non-green buildings.

To explore the effect of office sharing on occupant satisfaction, the five office sharing conditions
were as follows: Type 1, used only by one person; Type 2, used by two people; Type 3, used by
three to five people; Type 4, used by six to nine people; and Type 5, used by more than nine people.
An analysis of satisfaction scores in regard to office sharing with colleagues showed that participants in
Type 5 delivered significantly higher scores in green buildings compared with in non-green buildings
(Rho = 0.24 and p-value = 0.000). Although the effect sizes for Type 2 and Type 4 were more than
0.20, the p-values showed that the results were not statistically significant. The effect size for Type 2
was large (Rho = 0.82), while the p-value was 0.177. Similarly, for Type 4, the effect size was just
above 0.20 (Rho = 0.21) showing a small effect size, but the p-value (0.422) showed that the findings
were not statistically significant. This can be explained by the sample size presented in Table 11.
The sample sizes, particularly in the green building groups for Type 2 (sample size = 3) and Type 4
(sample size = 18), were small.

Table 11. Occupant responses in the five types of office sharing.

Number of Occupant Responses

Type
Green Buildings Non-Green Buildings Total
1: 1 person 45 132 177
2: 2 persons 3 45 48
3: 3-5 persons 25 78 103
4: 6-9 persons 18 73 91
5: more than 9 44 137 181

persons

These findings suggest that office sharing affects occupant experiences of buildings and thus
influences satisfaction scores when comparing green and non-green buildings. Due to the sample
sizing, the comparison of Types 2, 3, and 4 showed no statistically significant results. For Types 1 and 5,
sample sizes were comparable, suggesting that green buildings were more favorable among participants
in Type 5, whereas no significant differences between green and non-green buildings were reflected by
occupants in Type 1.

6. Discussion

This study compared the occupant satisfaction and perceived indoor environmental conditions of
Green Star higher education office buildings with their conventional counterparts regarding several
IEQ and BD&FM parameters. The two comparison building groups were consistent in terms of building
size, year of construction or renovation, climate, function, cultural background, urban setting, and data
collection period. This study showed that Green Star buildings were more successful in delivering
satisfactory workplace environments regarding some IEQ and BD&FM parameters, while some
weaknesses were also detected that showed occupant dissatisfaction with Green Star buildings.

The results support Hypothesis 1 that on BD&FM, Green Star buildings consistently showed a
better performance compared with non-green buildings, particularly with overall building comfort,
building design, needs, building image, cleaning, availability of meeting rooms, and storage space.
Higher perceived health and productivity were found in Green Star buildings. This agrees with
findings from previous studies [14,21,34].

The results also support Hypothesis 2 that on IEQ satisfaction, green buildings outperforming
non-green buildings is inconclusive. It was shown that the occupants of Green Star buildings were
more satisfied with thermal comfort and overall IAQ, a finding which is supported by previous



Sustainability 2018, 10, 2890 17 of 21

studies [4,13,29,35-37]. Participants reflected slightly higher satisfaction with the winter performance
of Green Star buildings. In winter, satisfaction scores were higher in Green Star buildings for air
movement and humidity when compared with non-green buildings, while in summer, non-green
buildings achieved a higher score for air odors when comparing Green Star with non-green buildings.
This might be explained by the Australian subtropical climate holding more suitable conditions for
natural ventilation in winter than in summer due to high humidity. Air freshness was also scored
significantly lower in Green Star buildings than in conventional buildings. This could be explained by
the lack of fresh air penetration through ventilation openings in the Green Star buildings.

Our study also confirmed lower satisfaction levels with noise in green-rated buildings, a finding
which is in line with earlier studies [13,38,39]. Although noise interruption and noise from colleagues
achieved no significant differences in green and non-green buildings, a more detailed analysis
of noise satisfaction revealed that noise from other people and general inside noise resulted in
higher satisfaction in Green Star than non-green buildings. In agreement with previous studies [40],
the analysis of open comments confirmed that although participants in open-plan offices complained
about noise interruptions, they favored the ease of interactions with colleagues.

Slightly higher satisfaction scores with natural lighting were reported in Green Star buildings.
However, satisfaction with overall lighting showed no significant differences between green and
non-green buildings. This finding contradicted with earlier studies which showed higher [39] and
lower [10] perceived lighting satisfaction in green buildings. Surprisingly, artificial lighting and
glare from artificial lighting attained a lower score in Green Star buildings, yet the effect size was
very small (0.22 and 0.20). Issues related to artificial lighting in green buildings were reported in
previous research [41], where too little artificial lighting was perceived in green buildings. This might
be explained by the fact that more attention is paid to the design of natural lighting in green buildings,
and artificial lighting designs are overlooked by many green designers.

In response to Hypothesis 3, the study of the influence of environmental factors on satisfaction
results showed that the perceived control of IEQ parameters strongly correlated with satisfaction
scores in non-green buildings, while no significant correlations were detected between the two in green
buildings. This might be explained by Kano’s theory of customer satisfaction. In Kano’s model of
product quality attributes [42], three product types are identified in regard to customer satisfaction:
(1) must-be; (2) one-dimensional; and (3) attractive. Must-be types are those that, if not completely
fulfilled, result in customer dissatisfaction [43]. In one-dimensional qualities, customer satisfaction is
proportional to the level of fulfilment [44]. Attractive qualities are those which, if present, result in
higher satisfaction, but if not present do not result in dissatisfaction [43]. The finding in our research
suggests that IEQ controls are a must-be quality in green buildings, and a one-dimensional quality in
non-green buildings.

Ventilation type as an important environmental factor affects occupant satisfaction as the study
showed that occupant satisfaction was inconsistent in AC and MM buildings when comparing green
with non-green buildings. In AC buildings, green buildings generally showed higher satisfaction
scores, particularly in parameters related to thermal comfort and IAQ. In MM buildings, satisfaction
levels were comparable in green and non-green buildings except in air freshness. Ventilation and
provision of fresh air was found to be the weakness in MM buildings, because air freshness scored
lower in MM green buildings compared with in non-green buildings, suggesting a lack of appropriate
air circulation and ventilation in MM Green Star buildings.

To investigate Hypothesis 4, which is about the influence of non-environmental factors on
occupant satisfaction, the survey data was partitioned into groups based on gender, age, sitting next to
a window, working history in buildings and in workstations, and office layout. In line with findings
from previous research [3], gender did not significantly affect satisfaction scores in Green Star and
non-green buildings. However, earlier research [3,40,45] detected slightly higher satisfaction scores
by male participants, a result which is not in line with our findings. In our study, female participants
showed slightly higher satisfaction scores than male participants, yet the statistical difference was
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insignificant, a finding which has been confirmed by a previous study [39]. Results related to the
influence of participant age on satisfaction scores reflected contradictory findings with previous
studies [46], suggesting that age might affect satisfaction. A significantly higher satisfaction score
was detected in Green Star buildings, in our study, among participants aged 30 or over, yet for
participants under 30, no significant differences between green and non-green buildings were noticed.
Earlier research has shown that occupant expectations and perceived thermal comfort can be shifted
by comfortable thermal experiences [47]. It could be inferred that participant age or previous thermal
comfort experiences affect how green buildings are perceived in workplace environments, emphasizing
psychological aspects.

In line with earlier research [48,49], our study showed that the history of working in buildings
and at workstations influences satisfaction scores by manifesting artificially higher satisfaction scores
by participants who spent less than a year in their current buildings and at current workstations.
This phenomenon is explained by a study by Singh and Syal [49], which suggested that perceived
satisfaction levels are higher immediately after moving into a green building (also known as the
“honeymoon” effect).

Results related to the consideration of office sharing on occupant satisfaction revealed an
agreement with earlier studies [3] that the number of people using the office would affect occupant
experiences and satisfaction. In our study, no significant differences were detected between green
and non-green buildings in offices used only by one individual, while in offices used by more than
9 people, significantly higher satisfaction scores were reflected in Green Star buildings. However,
the sample of office sharing types in the study was not consistent or evenly distributed. Future studies
are recommended to create more consistent sample sizes regarding all office sharing types.

The studied Green Star buildings seemed to be more successful in meeting user needs
and achieving higher satisfaction with BD&FM parameters such as overall building comfort,
building design, needs, building image, cleaning, the availability of meeting rooms, storage,
and occupant health and productivity. Some of the design strategies common in the five Green
Star buildings could be the central atrium and open-plan offices, the use of plants and vegetation
in the interior design of buildings, and the utilization of biophilic design such as the use of natural
ventilation and maximizing natural lighting in buildings. However, the same strategies resulted
in some weaknesses in the performance of Green Star buildings, such as noise, air freshness, air
odors, and artificial lighting. Particularly, open-plan office design resulted in higher satisfaction in
parameters such as building design and building image but also resulted in lower satisfaction in noise
parameters. Some weaknesses of Green Star rating systems could be related to noise and air quality.
Improvements in rating buildings related to noise and air quality in the Green Star Design guide could
help the improvement of building performance.

This paper focused only on subjective evaluations and user perspectives on green building
performance. The objective evaluation of building performance and its correlation with green building
certifications was not performed here; this is recommended for future studies. Another limitation
of the paper is that the operational factors of the studied buildings, such as occupancy hours,
ventilation operations, and facility management, were not correlated with building performance factors.
However, it should be considered that the studied buildings were consistent in terms of operational
factors because all the buildings were higher education buildings under the same management systems.

7. Conclusions

This research compared Green Star buildings with their non-green counterparts by evaluating
occupant satisfaction and perceived indoor environmental conditions in office workplace environments.
The study showed that Green Star buildings were generally more satisfactory when compared
with non-green buildings, particularly in BD&FM parameters such as overall building comfort,
building design, needs, building image, cleaning, the availability of meeting rooms, storage, and
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occupant health and productivity. However, some weaknesses were detected, particularly in regard to
IEQ parameters such as noise, air freshness, air odors, and artificial lighting.

Noise interruptions were particularly higher in open-plan offices; however, occupants in
open-plan spaces favored the ease of interactions with colleagues. This suggests that innovative
acoustic design and noise control in open-plan spaces are needed to enhance the acoustic performance
of Green Star buildings. Low satisfaction scores with air freshness and air odors in summer could be
explained by the efficiency of natural ventilation and the lack of air circulation in Green Star buildings.
A study of fluid dynamics and air circulation in buildings at the design stage and green certification
process seems appropriate to enhance the quality of air in Green Star buildings. Our study indicated
that issues related to artificial lighting in green buildings have been generally overlooked in the past,
as most green buildings put greater emphasis on natural lighting design.

Our research also identified indoor environmental controls as a must-be quality in green buildings,
and as a one-dimensional quality in non-green buildings based on the definitions of Kano’s theory.
This suggests that the availability of indoor environmental control positively correlates with the level of
perceived satisfaction in non-green buildings, but it does not necessarily increase perceived satisfaction
in green buildings. However, the absence of indoor environmental controls would result in perceived
dissatisfaction in green buildings.

The study of occupant satisfaction is recommended to consider participant background
information regarding gender, age, sitting next to a window, the history of work in buildings and
in workstations, and office layout, because our research has indicated that these non-environmental
factors affect satisfaction in buildings.
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