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Abstract
In response to excessive energy consumption and severe pollution, green building has 
gained increasing attention around the world. Governments’ top-down incentive schemes 
and consumers’ bottom-up choice preferences are two major channels of residential green 
building promotion. Regarding the bottom-up route, high liveability performance is critical 
to ensuring that occupants are willing to make secondary purchases or provide recommen-
dations. Therefore, this paper, using post-occupancy evaluation, aims to evaluate and com-
pare the liveability performance of green and conventional buildings from the perspectives 
of occupants. The results verified that the eco-label effect (i.e., subjective differences for 
building types) influenced the occupants’ evaluations of building performance. When con-
trolling for eco-label bias, we found that green buildings were not superior to conventional 
buildings in terms of liveability. This is highly relevant to evaluations of the orientation of 
green building certifications that concentrate on the consumption of energy and material 
resources but neglect the living experience of occupants. In addition, indicators related to 
thermal comfort (e.g., indoor temperature or frequency of air conditioner use) played an 
important role in the occupants’ liveability evaluations. These findings provide concrete 
guidance regarding how the evaluation systems of green building certifications in various 
countries should be upgraded in the near future.

Keywords  Green building · Liveability performance · Eco-label effect · Post-occupancy 
evaluation

1  Introduction

In response to excessive resource consumption and severe air pollution, the development 
of energy-efficient buildings has gained universal attention across the world (Deuble & 
de Dear, 2012; Gou et al., 2013; Varma & Palaniappan, 2019; Zhang et al., 2017). Many 
countries have established evaluation systems to certify green buildings, such as LEED in 
the US, BREEAM in the UK, and Green Star in Australia. In addition, various incentives 
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have been formulated to promote the development of green buildings, including financial 
subsidies, tax deductions, and compulsory construction requirements for public buildings 
(He & Chen, 2021; Liberalesso et al., 2020; Shen & Faure, 2021).

For residential buildings, it is essential to promote green building development from 
the bottom-up perspective, in addition to governments’ top-down incentive schemes. Con-
sumer choice preference is a meaningful bottom-up channel for supporting green building 
development (Hu et al., 2016; Li et al., 2021; Wimala et al., 2016). In particular, the per-
ceived liveability of occupants of green buildings greatly affects their willingness to make 
secondary purchases or give recommendations (Li & Pak, 2010; Olubunmi et al., 2016).

Green building should be a holistic concept that is not only concerned with environ-
mental sustainability but also seeks to improve occupants’ living experience (Khoshbakht 
et al., 2018; USGBC, 2014). Extensive research has demonstrated that green buildings are 
superior to conventional buildings in terms of energy saving and carbon emission reduc-
tion (Darko et al., 2017; Dwaikat & Ali, 2018; He, 2019; Vyas & Jha, 2018; Zhang et al., 
2019); however, the liveability of green buildings remains under-researched (Gou et  al., 
2013). Therefore, this study aimed to answer the following research questions: (1) From 
occupants’ perspective, are green buildings more liveable than conventional buildings? (2) 
What are the most significant physical and environmental factors that affect the occupants’ 
liveability perceptions?

Unlike the precise measurement of energy consumption with scientific instruments, the 
comparative analysis of liveability performance between green and conventional buildings 
is usually conducted using post-occupancy evaluation (POE) (Bonde & Ramirez, 2015; 
Khoshbakht et al., 2018). However, because of the eco-label effect, this type of evaluation 
can be easily affected by occupants’ subjective perceptions of their building types (Deuble 
& de Dear, 2012), which has not been taken into consideration in previous studies. This 
paper addressed this shortcoming to provide more precise comparative results.

In this paper, the green building is generally defined as the buildings with green cer-
tifications, like LEED, BREEAM, Green Star equivalent, etc. Specifying the case in this 
study, the green building is identified as the buildings with ESGB certification (the cer-
tification of green building in mainland China). The reason to address the certification in 
green building identification is that, this research aims to examine whether the eco-label 
effect exists or not, and compare the liveability evaluation between conventional buildings 
and green buildings after controlling the eco-label effect. Moreover, the “eco-label” means 
the certificate of green building. It hopes to shed light on the buildings that use these rat-
ings as design and construction guidelines but do not seek actual certification.

The next section reviews the literature regarding occupants’ evaluation and compari-
son of green and conventional buildings. The case study and data collection are described 
in Sect. 3. Section 4 evaluates the liveability performance and comparison of green and 
conventional buildings and identifies the factors affecting liveability. Section 5 presents a 
discussion of the results and policy implications. The final section concludes the paper.

2 � Literature review

Extensive research has demonstrated that green buildings have superior environmental sus-
tainability to conventional buildings in terms of energy saving and carbon emission reduc-
tion (Darko et al., 2017; Dwaikat & Ali, 2018; He, 2019; Vyas & Jha, 2018; Zhang et al., 
2019). In contrast, little research has compared occupants’ living experiences in green 
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and conventional buildings, and the results of prior analyses have been inconsistent, frag-
mented, or contradictory (Khoshbakht et al., 2018; Pastore & Andersen, 2019; Thatcher & 
Milner, 2016).

Some studies have shown that green buildings provide better living experiences than 
conventional buildings (Bonde & Ramirez, 2015; Fuerst & McAllister, 2009; Pei et  al., 
2015), whereas others have found no significant differences (Leaman & Bordass, 2007; 
Menadue et  al., 2014; Paul & Taylor, 2008; Zalejska-Jonsson, 2014). For example, an 
investigation in New Zealand showed that green buildings did not provide a better liv-
ing experience from the perspective of occupants (Azizi et al., 2015). Furthermore, some 
scholars have demonstrated that the occupants of green buildings provided comparatively 
lower evaluation scores for indoor air quality, overall satisfaction, or comfort (Altomonte & 
Schiavon, 2013; Gou et al., 2013).

Environmental and physical variables such as the age of the building (Liu et al., 2018), 
the ability to control environmental factors (Zalejska-Jonsson, 2014), the evaluation sys-
tem, and the sample size (Khoshbakht et al., 2018) have all been cited as reasons for the 
inconsistencies in the literature. The confirmation biases of occupants have also been 
acknowledged as an important factor affecting evaluations (Deuble & de Dear, 2012; Gou 
et al., 2013; Schiavon & Altomonte, 2014).

The eco-label effect is one such manifestation of confirmation bias, and it occurs when 
people idealize eco-label products and thus provide a more positive evaluation than their 
conventional alternatives (Sörqvist, 2018; Sörqvist et al., 2015a, 2015b). This effect causes 
consumers to forgive or ignore certain shortcomings of eco-label products (Holmgren 
et  al., 2017; Sörqvist, 2018) while overestimating positive aspects (Deuble & de Dear, 
2012; Holmgren et  al., 2017), which can result in more positive appraisals (Holmgren 
et al., 2017; Sörqvist et al., 2015a, 2015b). Thus, green building certifications should be 
expected to affect occupants’ evaluations.

Post-occupancy evaluation (POE) is typically used to measure building performance 
from the occupants’ perspectives (Deuble & de Dear, 2014; Kim et al., 2013). This method 
focuses on the occupants of buildings and their needs, thus providing insight into the con-
sequences of past design decisions and forming a sound basis for the future improvement 
of buildings (Preiser et  al., 2015). Many studies that have utilized the POE method for-
mulated evaluation metrics and collected questionnaires from the occupants (Baird et al., 
2012). The widely accepted POE was designed by Preiser et  al. (2015) and consists of 
three main dimensions: technological, functional, and behavioural performance, with some 
additional secondary variables in each dimension (Table 1).

3 � Research methodology

3.1 � The case study

China leads the global construction market, and the Chinese government has proposed 
ambitious top-down incentive schemes to promote energy-efficient building (Zhang 
et  al., 2017). Changsha, located in central China (28.22°N, 112.94°E), is a typical tem-
perate city with four distinct seasons. The hottest month is July, with an average temper-
ature of 33.9  °C, and the coldest month is January, with an average of 2.0  °C (CCMS, 
2019). Changsha has implemented a series of incentive schemes to promote green building 
development (CNR, 2018). By the end of 2018, more than half of newly built buildings in 



	 Y. Xu et al.

1 3

Ta
bl

e 
1  

P
O

E 
m

et
ric

s a
do

pt
ed

 in
 re

le
va

nt
 p

rio
r r

es
ea

rc
h

Pr
im

ar
y 

va
ria

bl
es

Se
co

nd
ar

y 
va

ria
bl

es
Li

te
ra

tu
re

s

1.
 T

ec
hn

ol
og

ic
al

 p
er

fo
rm

an
ce

1.
1 

th
er

m
al

 c
om

fo
rt

(S
an

ni
-A

ni
bi

re
 &

 H
as

sa
na

in
, 2

01
6)

; (
N

in
g 

&
 C

he
n,

 2
01

6)
; (

M
us

ta
fa

, 2
01

7)
1.

2 
in

do
or

 a
ir 

qu
al

ity
(S

an
ni

-A
ni

bi
re

 &
 H

as
sa

na
in

, 2
01

6)
;(N

in
g 

&
 C

he
n,

 2
01

6)
; (

M
us

ta
fa

, 2
01

7)
1.

3 
vi

su
al

 c
om

fo
rt

(S
an

ni
-A

ni
bi

re
 &

 H
as

sa
na

in
, 2

01
6)

;(N
in

g 
&

 C
he

n,
 2

01
6)

; (
M

us
ta

fa
, 2

01
7)

; (
A

de
w

un
m

i e
t a

l.,
 2

01
1)

1.
4 

ac
ou

sti
c 

co
m

fo
rt

(S
an

ni
-A

ni
bi

re
 &

 H
as

sa
na

in
, 2

01
6)

; (
N

in
g 

&
 C

he
n,

 2
01

6)
; (

M
us

ta
fa

, 2
01

7)
1.

5 
se

cu
rit

y 
an

d 
fir

e 
sa

fe
ty

(S
an

ni
-A

ni
bi

re
 &

 H
as

sa
na

in
, 2

01
6)

; (
M

us
ta

fa
, 2

01
7)

; (
A

de
w

un
m

i e
t a

l.,
 2

01
1)

1.
6 

m
an

ag
em

en
t a

nd
 m

ai
nt

en
an

ce
(S

an
ni

-A
ni

bi
re

 &
 H

as
sa

na
in

, 2
01

6)
; (

A
de

w
un

m
i e

t a
l.,

 2
01

1)
2.

 F
un

ct
io

na
l p

er
fo

rm
an

ce
2.

1 
sp

at
ia

l c
om

fo
rt,

 la
yo

ut
 a

nd
 fu

rn
itu

re
(S

an
ni

-A
ni

bi
re

 &
 H

as
sa

na
in

, 2
01

6)
; (

N
in

g 
&

 C
he

n,
 2

01
6)

; (
M

us
ta

fa
, 2

01
7)

; (
Ile

sa
nm

i, 
20

10
)

2.
2 

ho
us

in
g 

su
pp

or
t s

er
vi

ce
(S

an
ni

-A
ni

bi
re

 &
 H

as
sa

na
in

, 2
01

6)
; (

N
in

g 
&

 C
he

n,
 2

01
6)

; (
H

as
sa

na
in

 e
t a

l.,
 2

01
0)

 (I
le

sa
nm

i, 
20

10
)

3.
 B

eh
av

io
ur

al
 p

er
fo

rm
an

ce
3.

1 
lo

ca
tio

n
(S

an
ni

-A
ni

bi
re

 &
 H

as
sa

na
in

, 2
01

6)
; (

Ile
sa

nm
i, 

20
10

); 
(H

as
sa

na
in

 e
t a

l.,
 2

01
0)

3.
2 

ap
pe

ar
an

ce
(S

an
ni

-A
ni

bi
re

 &
 H

as
sa

na
in

, 2
01

6)
; (

Ile
sa

nm
i, 

20
10

); 
(H

as
sa

na
in

 e
t a

l.,
 2

01
0)



Are green buildings more liveable than conventional buildings?…

1 3

Changsha were certificated as green buildings. With a typical temperate climate and mas-
sive green building development, Changsha is generally representative of other Chinese 
cities, allowing our findings to be generalised to many other Chinese cities.

The residential district named Lugu Linyu was selected as the study case within Chang-
sha because it is a large residential community with more than 100 buildings (Fig. 1). The 
buildings in Zone A and B were built in accordance with China’s Evaluation Standard for 
Green Building (GB/T 50,378–2006) (ESGB) and obtained One-Star Green Building cer-
tificates in 2011. The residential buildings in Zone E and F were conventional buildings. 
More detailed information about the buildings in these zones is presented in Table 2.

Unlike prior studies with cases scattered across one or more cities, this research uti-
lized only a residential district that contained both green and conventional buildings. 
The occupants of both types of buildings shared similar natural conditions, surround-
ing environments, public facilities, and amenities. Thus, the physical and environmental 

Fig. 1   Locations of the four selected zones (A, B, E, and F) in Lugu Linyu

Table 2   Information about the buildings in the selected zones

Zone Building age Number of buildings Main construction features

Zone A & B (Green 
Building)

9–10 years 34 Lightweight and self-insulating 
brick; permeable road surface; 
rainwater recycling system; solar 
and wind complementary street 
light; natural lighting and ventila-
tion in the basement; insulating 
glass window

Zone E & F (Conven-
tional Building)

8–9 years 47 Electric street lighting system, 
watering system for public green 
areas, electrical lighting system 
in the basement, non-insulating 
glass window
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factors that likely affect the outcomes of post-occupancy evaluations were largely elimi-
nated from occupants’ evaluations of building liveability performance. In terms of 
subjective variables, the gender and age distributions of respondents from green and 
conventional buildings are quite similar (see Appendix). Apart from the demographic 
parameters, the socio-economic variables of respondents were also considered in the 
questionnaire. Unfortunately, the valid rate of these questions is not very high. However, 
these respondents all resided in the same housing district with different zones. To large 
extent, it can be assumed that they have similar income levels, consumption preferences, 
etc., which may affect their subjective evaluation of residential buildings.

3.2 � Data collection

Liveability is a concept that is difficult to define (Mohit & Iyanda, 2016). Someone 
believes that liveability mainly refers to the subjective evaluation of the quality of the 
housing conditions (Heylen, 2006). Others assume liveability is part of the overall qual-
ity of life as experienced and perceived by residents (Mccrea & Walters, 2012). Besides, 
liveabilty could be measured in different dimensions, such as functional, physical and 
social environments (Leby & Hashim, 2010). In this manuscript, liveability refers to 
the overall living experience from the subjective point of view of the occupants. The 
independent variables used to measure building performance from occupants’ perspec-
tive include satisfaction (Altomonte & Schiavon, 2013; Kim et al., 2013), comfort (Gou 
et  al., 2013; Hedge et  al., 2014), health (Gou et  al., 2012), productivity (Geng et  al., 
2017), well-being (Al horr et al., 2016; Thatcher & Milner, 2016), long-term financial 
savings (Olubunmi et al., 2016), and living convenience (Kim et al., 2013). The liveabil-
ity performance of residential buildings can thus be grouped into five major categories: 
comfort, health, convenience, economy, and satisfaction.

The questionnaire consisted of three parts. The first part covered general information, 
including age, gender, salary, previous living places, cognition of their building types 
(green or conventional building), and perception of environmental sustainability.

The second part contained 5 questions to rate the five major aspects, i.e., comfort, 
health, convenience, economy, and satisfaction, of liveability performance (Table 3).

The third part has 25 questions about perceivable variables of liveability derived 
from the ESGB. These perceivable liveability indicators are grouped into several cat-
egories, including thermal comfort, indoor air quality, visual comfort, acoustic comfort, 
security and fire safety, management and maintenance, spatial comfort, layout and furni-
ture, housing support service, location, and appearance (Table 4).

Table 3   Five major aspects of 
liveability

No Questions Abbr

1 Please evaluate the overall comfort O1
2 Please evaluate the overall health O2
3 Please evaluate the overall convenience O3
4 Please evaluate the overall economy O4
5 Please evaluate the overall satisfaction O5
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The questionnaire adopted a 5-point Likert scale to measure the items, where a score of 
1 indicated the most negative evaluation (i.e., very unsatisfied) and a score of 5 indicated 
the most positive evaluation (i.e., very satisfied).

The occupants in Zones A and B and Zones E and F were accidentally chosen for in-
person interviews in June and July of 2018. In total, 606 valid questionnaires were col-
lected, of which 304 were from Zones A and B (green buildings) and 302 were from Zones 
E and F (conventional buildings).

4 � Research analysis

4.1 � The comparison of liveability performance between green and conventional 
buildings

As opposed to a direct comparison between occupants from green and conventional build-
ings, the respondents were divided into several groups based on their subjective percep-
tions of the building types. According to the answers to the question, ‘As far as you know, 
is your current dwelling a green building?’, the respondents were divided into three groups 
(Table 5). Group 1 included occupants who actually and cognitively lived in green build-
ings. The respondents from Groups 2 and 3 were unsure about their building types and 
lived in green and conventional buildings, respectively. The degree to which the ‘eco-label’ 
bias affected the subjective evaluation of building performance was examined by compar-
ing Groups 1 and 2.

Occupants from Group 1 generally gave more positive ratings than those from Group 2, 
as it had higher mean values for 28 of the 30 indicators, which only excluded the indicators 
of convenience, open space, and activity facilities (Fig. 2). Moreover, the occupants from 
Group 1 typically gave moderate or higher evaluations for the indicators, excluding the fre-
quency of air conditioner use, parking lots, and motor vehicles. In contrast, the occupants 
from Group 2 provided negative evaluations for nearly one-third of the variables. The com-
parison between group 1 and group 3 are irrelevant to the research objective. Therefore, we 
did not conduct this analysis.

An independent-samples t-test was conducted to further explore the differences between 
Groups 1 and 2 (Table 6). Although Groups 1 and 2 both resided in green buildings and 
shared similar physical environments, the respondents from Group 1, who realized that 
they lived in green buildings, gave significantly more positive liveability evaluations for 
more than half of the variables. This result demonstrated that the subjective differences in 

Table 5   Information regarding each group

Perception In green building Not sure In conventional building No response
Reality

Zone A and B 
(green build-
ings)

Group 1 (N = 109) Group 2 (N = 171) N.A. (N = 20) N.A. (N = 4)

Zone E and F 
(conventional 
buildings)

N.A. (N = 74) Group 3 (N = 204) N.A. (N = 22) N.A. (N = 2)
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perceived building type affected the occupants’ evaluation of building performance, pro-
viding persuasive evidence for the existence of the eco-label effect.

The eco-label effect must be controlled to obtain accurate and comparative post-
occupancy evaluations between green and conventional buildings. The respondents from 
Groups 2 and 3 respectively resided in green and conventional buildings, and both groups 
were unsure about their building types. It can thus be assumed that the respondents from 
Groups 2 and 3 had no obvious subjective biases and that the eco-label effect was con-
trolled for the comparison of these two groups. An independent-samples t-test between 
Groups 2 and 3 only revealed a significant difference in liveability evaluation in the three 
variables of vision, sound insulation and vibration control, and suitable materials for semi-
public spaces (Table  7). This result indicated that when we controlled for the eco-label 
effect, the liveability performance of green buildings was not superior to that of conven-
tional buildings from the perspective of the occupants. In other words, the technical advan-
tages of green buildings may reduce energy consumption, but they do not improve the liv-
ing experiences of the occupants.

4.2 � The significant factors affecting the liveability evaluation of occupants

The overall liveability was decomposed into the five major dimensions of comfort, health, 
convenience, economy, and satisfaction. The mean values of buildings’ liveability perfor-
mance were 3.74 for Group 1, 3.55 for Group 2, and 3.56 for Group 3. A multiple regres-
sion analysis was then conducted using overall liveability as the dependent variable and 
the other 25 perceivable physical and environmental indicators from the ESGB and previ-
ous studies as independent variables. The analysis aimed to identify the physical and envi-
ronmental variables that affected the liveability evaluations of occupants from different 
groups.

Fig. 2   Mean scores of the 30 evaluation indicators from the three groups
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The regression results of Group 1 indicated that Model 1 explained 71.7% of the vari-
ance and was a significant predictor of overall liveability (F (25.58) = 5.886, p < 0.001). 
Specifically, indoor temperature (B = 0.171, p = 0.003), frequency of air conditioner use 
(B = -0.137, p = 0.045), motor vehicle lanes (B = -0.225, p = 0.024), open space and activ-
ity facilities (B = 0.120, p = 0.045), and public transportation accessibility (B = 0.252, 
p = 0.007) contributed significantly to the overall liveability evaluation.

Table 6   Independent-samples t-test between Group 1 and Group 2

*Significant p < 0.05

Variables Group 1 Group 2 t-test for Equality means

Mean S.D Mean S.D t df Sig. (2-tailed)

Comfort 4.09 0.50 3.75 0.67 4.82 270.35 0.00*
Health 4.06 0.51 3.77 0.63 4.27 260.32 0.00*
Convenience 3.48 0.87 3.56 0.74  − 0.87 205.07 0.39
Economy 3.26 0.90 3.02 0.90 2.17 276.00 0.03*
Satisfaction 3.82 0.72 3.63 0.75 2.08 276.00 0.04*
Indoor temperature 3.01 0.91 2.91 0.83 0.92 276.00 0.36
Frequency of air conditioner use 2.81 0.94 2.55 0.83 2.40 278.00 0.02*
Ventilation 3.51 0.70 3.33 0.75 2.08 278.00 0.04*
Indoor humidity 3.27 0.86 3.06 0.67 2.08 190.98 0.04*
Frequency of humidity control equipment use 3.97 0.96 3.64 1.00 2.43 230.00 0.02*
Natural lighting 3.72 0.69 3.59 0.61 1.73 277.00 0.09
Vision 3.72 0.56 3.57 0.60 2.09 241.95 0.04*
Glare 3.51 0.57 3.33 0.64 2.41 276.00 0.02*
Outdoor noise 3.21 0.85 3.00 0.86 2.00 277.00 0.05*
Sound insulation and vibration control 3.20 0.92 2.85 0.82 3.37 274.00 0.00*
Security and fire safety 3.19 0.86 2.84 0.96 3.12 276.00 0.00*
Property management and equipment main-

tenance
3.25 0.87 2.81 0.91 3.97 278.00 0.00*

Overall space planning 3.59 0.83 3.45 0.83 1.34 278.00 0.18
Greening and landscape design 4.01 0.57 3.82 0.74 2.35 268.06 0.02*
Parking lot 2.83 1.06 2.62 0.82 1.72 188.46 0.09
Motor vehicle lanes 2.77 0.99 2.59 0.87 1.61 278.00 0.11
Non-motor vehicle lanes and sidewalk 3.03 1.00 2.63 0.89 3.47 277.00 0.00*
Suitable materials for semi-public space 3.11 0.70 3.04 0.68 0.89 277.00 0.38
Energy saving in public equipment 3.21 0.64 3.08 0.70 1.56 278.00 0.12
Barrier-free structure and equipment 3.25 0.67 3.09 0.74 1.83 276.00 0.07
Open space and activity facilities 3.07 0.95 3.29 0.80 −2.01 276.00 0.05*
Public transportation accessibility 3.55 0.72 3.30 0.74 2.75 272.00 0.01*
Educational accessibility 3.46 0.56 3.46 0.58 0.06 272.00 0.96
Commercial accessibility 3.01 0.75 2.88 0.81 1.34 236.17 0.18
Appearance 3.44 0.70 3.33 0.60 1.33 196.05 0.18
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Model 1:

Overall liveabilityGroup 1 =1.699 + (0.171 ∗ indoor temperature)

− (0.137 ∗ frequency of air conditioner use)

− (0.225 ∗ motorvehiclelanes)

+ (0.120 ∗ open space and activity facilities)

+ (0.252 ∗ public transportation accessibility)

Table 7   Independent-samples t-test between Group 2 and Group 3

*Significant at p < 0.05

Variables Group 2 Group 3 t-test for Equality of Means

Mean S.D Mean S.D t df Sig. (2-tailed)

Comfort 3.75 0.67 3.79 0.65  − 0.57 370.00 0.57
Health 3.77 0.63 3.69 0.71 1.15 370.69 0.25
Convenience 3.56 0.74 3.52 0.86 0.57 370.50 0.57
Economy 3.02 0.90 3.09 0.93  − 0.75 369.00 0.45
Satisfaction 3.63 0.75 3.68 0.73  − 0.62 367.00 0.54
Indoor temperature 2.91 0.83 2.87 0.83 0.53 370.00 0.60
Frequency of air conditioner use 2.55 0.83 2.58 0.84  − 0.31 372.00 0.76
Ventilation 3.33 0.75 3.34 0.72  − 0.23 372.00 0.82
Indoor humidity 3.06 0.67 3.04 0.67 0.29 369.00 0.77
Frequency of humidity control equipment use 3.64 1.00 3.70 1.02  − 0.45 281.00 0.65
Natural lighting 3.59 0.61 3.68 0.58  − 1.43 372.00 0.15
Vision 3.57 0.60 3.72 0.55  − 2.53 347.58 0.01*
Glare 3.33 0.64 3.36 0.61  − 0.41 368.00 0.68
Outdoor noise 3.00 0.86 3.06 0.88  − 0.65 370.00 0.51
Sound insulation and vibration control 2.85 0.82 3.11 0.81  − 3.16 368.00 0.00*
Security and fire safety 2.84 0.96 2.95 0.92  − 1.13 370.00 0.26
Property management and equipment main-

tenance
2.81 0.91 2.77 0.89 0.46 373.00 0.64

Overall space planning 3.45 0.83 3.43 0.69 0.22 330.46 0.83
Greening and landscape design 3.82 0.74 3.92 0.64  − 1.28 372.00 0.20
Parking lot 2.62 0.82 2.53 0.90 0.95 371.00 0.34
Motor vehicle lanes 2.59 0.87 2.66 0.93  − 0.78 371.00 0.44
Non-motor vehicle lanes and sidewalk 2.63 0.89 2.76 0.90  − 1.39 371.00 0.17
Suitable materials for semi-public space 3.04 0.68 3.17 0.65  − 2.00 370.00 0.05*
Energy saving in public equipment 3.08 0.70 3.18 0.68  − 1.41 372.00 0.16
Barrier-free structure and equipment 3.09 0.74 3.13 0.69  − 0.55 370.00 0.59
Open space and activity facilities 3.29 0.80 3.15 0.82 1.68 372.00 0.09
Public transportation accessibility 3.30 0.74 3.36 0.63  − 0.88 330.87 0.38
Educational accessibility 3.46 0.58 3.55 0.67  − 1.31 366.00 0.19
Commercial accessibility 2.88 0.81 2.93 0.82  − 0.52 367.00 0.60
Appearance 3.33 0.60 3.41 0.61  − 1.26 367.00 0.21
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The regression results for Group 2 indicated that Model 2 explained 46.0% of the vari-
ance and was a significant predictor of overall liveability (F (25, 107) = 3.644, p < 0.001). 
Specifically, indoor temperature (B = 0.167, p = 0.001), ventilation (B = 0.154, p = 0.011), 
glare (B = -0.161, p = 0.006), and parking lot availability (B = 0.131, p = 0.026) contributed 
significantly to the overall liveability evaluation.

Model 2:

The results of the regression analysis of Group 3 indicated that Model 3 explained 
37.0% of the variance and that the model was a significant predictor of overall liveability 
(F (25.98) = 2.301, p = 0.002). Specifically, the frequency of air conditioner use (B = 0.143, 
p = 0.040) and natural lighting (B = 0.257, p = 0.020) contributed significantly to the over-
all liveability evaluation.

Model 3:

Of the above three models, Model 1 had the best general model fit, as the respondents in 
Group 1 had a clear understanding of their building types and thus also the expectations of 
building performance. These results indicated that the variables relating to thermal comfort 
(i.e., indoor temperature and frequency of air conditioner use) were significant and thus 
played a vital role in the liveability evaluation of the occupants from all three groups.

5 � Discussion and policy implication

In the past few decades, green building has been widely accepted for its environmental sus-
tainability. Many countries have formulated various incentive schemes, such as tax reduc-
tion and government subsidies, to promote the development of green buildings. However, 
these top-down motivation mechanisms present great challenges for the finances of local 
governments and have thus gradually become less common since the 2008 global eco-
nomic crisis. Promotion policies should instead focus on the long-neglected ‘bottom-up’ 
choice preference. Individual willingness is key to the success of this bottom-up route, as 
occupants’ liveability evaluations play a critical role in secondary purchasing decisions or 
the recommendation of living in green buildings.

Controlling for the eco-label effect, this study demonstrated that green buildings were 
not superior to conventional buildings according to the liveability evaluations of occu-
pants in Changsha, China. In 2006, China’s ESGB for the certification of the case study 
area included six major aspects: preservation of land and the outdoor environment, energy 
savings and utilization, water savings and utilization, material savings and utilization, 
indoor environment quality, and operational management. By concentrating on the mate-
rial consumption levels of buildings, this evaluation standard improves environmental 
performance, but without regard for the living experience of occupants. In this study, the 

Overall liveabilityGroup2 =2.161 + (0.167 ∗ indoor temperature)
+ (0.154 ∗ ventilation) − (0.161 ∗ glare)
+ (0.131 ∗ parking lot)

Overall liveabilityGroup 3 =1.665 + (0.143 ∗ frequency of air conditioner use)
+ (0.257 ∗ natural lighting)
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liveability evaluation comparison between green and conventional buildings verified this 
shortcoming.

The early and intermediate versions of the Chinese ESGB both focused on the con-
sumption of land, water, energy and materials, and indoor air quality. However, in the latest 
version issued in 2019, four of the six major categories were directly related to occupants’ 
living experience, and the proportion of liveability-related indicators, including comfort, 
health, customer experience, and occupant convenience, comprised a larger proportion of 
the evaluation system (Table 7). These recent changes to green building certification com-
pletely align with the conclusions of our research.

The other three widely used green building certifications, BREEAM, LEED, and Green 
Star, are manifested with completely divergent development orientations for liveability per-
formance (Table 8). BREEAM has increasingly emphasized occupants’ living experiences. 
The updated green building certification in 2006 formulated an EcoHomes version that 
specially addressed occupants’ daily life experiences and introduced numerous liveability-
related indicators (Suzer, 2019). In contrast, LEED and Green Star have remained focused 
on energy and resource consumption and lack metrics for convenience, health, and eco-
nomics, despite several updates over the past decade (Awadh, 2017).

Therefore, apart from focusing on the energy efficiency performance of buildings, the 
green building certifications in every country should emphasize the living experiences 
of occupants and include more liveability-related indicators in their evaluation systems. 
This is particularly needed for the LEED and Green Star certifications. Our research also 
showed that the thermal comfort indicators were the most significant for occupants’ overall 
liveability evaluation. Therefore, studies on the incorporation of liveability into the evalu-
ation standards of green buildings should pay particular attention to factors related to ther-
mal comfort (e.g., indoor temperature and frequency of air conditioner use), especially in 
countries with tropical and subtropical climates.

6 � Conclusion

Building, industrial development, and transport are the three largest global consumers of 
energy. Energy-efficiency buildings are thus widely regarded as an effective way to achieve 
environmental sustainability. Many countries have subsequently formulated green building 
certifications, such as LEED in the US, BREEAM in the UK, and Green Star in Australia. 
A variety of incentive schemes have also been used by city governments to promote the 
development of green buildings. In addition to governments’ top-down motivation, occu-
pants’ bottom-up choice preference is also significant for the promotion of green build-
ings. Liveability evaluations from the perspective of occupants are essential to encourage 
occupants to actively choose or recommend green buildings. However, the liveability per-
formance of green buildings remains under-researched. Therefore, this study evaluated and 
compared the liveability performance between green and conventional buildings with a 
case study in Changsha, China.

We found that for occupants residing in green buildings, the respondents who knew 
that they lived in green buildings tended to provide more positive liveability evaluations 
than those who were unsure about their building type. The subjective perceptions of build-
ing types led to divergent liveability evaluation results, which verified the impacts of the 
eco-label effect on evaluations of building performance. We controlled for the eco-label 
effect, and the comparative results indicated that green buildings were not superior to 
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conventional buildings in terms of liveability performance from the perspectives of occu-
pants. In addition, thermal comfort variables (e.g., indoor temperature and frequency of air 
conditioner use) played the largest role in occupants’ liveability performance evaluation.

Such findings are highly related to the evaluation of green building certifications, which 
emphasize energy and resource consumption but neglect occupants’ living experience. 
Although such systems improve energy efficiency, they may do so at the cost of positive 
evaluations from occupants. This may hinder people from actively choosing green build-
ings. We, therefore, suggest that for this bottom-up route to successfully promote green 
buildings, more liveability-related indicators must be included in the evaluation systems 
of green building certifications, with special attention paid to indicators related to thermal 
comfort.

Appendix

Table of respondents’ gender distribution.

Building Type Gender Valid Percent

Green buildings Male 48.0
Female 52.0

Conventional buildings Male 45.3
Female 54.7

Table of respondents’ age distribution.

Green buildings Conven-
tional build-
ings

younger than 20 5.0% 5.7%
21–30 27.4% 29.2%
31–40 48.5% 40.9%
41–50 15.7% 12.8%
51–60 2.0% 9.7%
older than 61 1.3% 1.7%
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