International Journal of /
* Environmental Research m\DP|
and Public Health Z

Article
A Framework of Industrialized Building Assessment
in China Based on the Structural Equation Model

Lei Jiang 12 Zhongfu Li 1 Long Li L* Tiankun Li 3 and Yunli Gao 2

1 Department of Construction Management, Dalian University of Technology, Dalian 116024, China;

jlanglei@dInu.edu.cn (L.J.); lizhongfu@dlut.edu.cn (Z.L.)

School of Civil Engineering, Dalian Minzu University, Dalian 116650, China; yunligao@163.com
Operation Management Department, Tahoe Real Estate Group, Beijing 100020, China; leetka@163.com
*  Correspondence: lilongchn@mail.dlut.edu.cn; Tel.: +86-15712367207

check for
Received: 22 July 2018; Accepted: 5 August 2018; Published: 8 August 2018 updates

Abstract: Compared with the conventional building, the industrialized building (IB) promotes the
sustainable development of the construction industry, which will become a growth trend in the future.
Nevertheless, the progress of industrialized building is intimately affected through the scientific
evaluating mechanism, which still requires more research. Thus, this study establishes a conceptual
framework of industrialized building assessment (IBA), which is validated through exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA). The impact between efficiency and the other
five dimensions are studied by the structural equations model (SEM). The findings indicated that
the conceptual framework is valid, and the efficiency has a positive impact on economic factors,
livability, safety, environmental factors, and social benefits. Consequently, the improvement of
efficiency has turned out to be the primary issue for improving the growth of the industrialized
building. This research explores the basic framework of industrialized building assessment and
provides a basis to establish a comprehensive and precise industrial building evaluation mechanism
in the near future.

Keywords: industrialized building (IB); industrialized building assessment (IBA); exploratory factor
analysis (EFA); confirmatory factor analysis (CFA); structural equation model (SEM); China

1. Introduction

The degree of industrialization in various sectors has been promoted rapidly; in contrast,
the industrialization of the construction industry has manifested slower growth. Conventional
construction is inefficient with extensive energy consumption [1-3], causing serious damage to
the environment [4,5]. In the implementation process of industrialized building (IB), components
could be produced in factories [6,7], then transported to assemble on site mechanically [8].
In addition, construction industrialization offers greater advantages as compared with the conventional
construction methods [9], which could enhance labor productivity [10] and quality [11], together with
lowering the labor force [11], saving energy, and safeguarding the environment [12].

The concept of IB stems from manufacturing based on large-scale production, integrating
the production mechanism of prefabrication, mechanized production, automatic production,
robot production, and replication [13]. IB deals with the use of not only the standardized design [14],
but also industrialized production methods [15], prefabrication in factories [16], state-of-the-art
mechanical equipment for on-site assembly [17], and scientific organization methods for the
management and construction of buildings [18]. In comparison with the conventional building,
IB is capable of not just substantially improving the efficiency of production [19,20], shortening the
construction period, and improving the quality [21,22], but also it lowers environmental pollution,
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as well as the wasting of resources [23], in addition to improving the environment of the construction
site [24] and increasing the construction safety [25].

With the development of IB, many researchers have emphasized the importance of industrialized
building assessment (IBA). The preliminary research primarily dealt with single-aspect assessment,
for instance, economic aspects [26,27], environmental aspects [28], and social aspects [29,30].
Subsequent to that, the IBA research has become more extensive, covering multiple aspects.
For instance, Pons and Wadel adopted a life cycle assessment for the determination of the level
of quality enhancement and environmental pollution minimization of IB [31]. Aye et al. performed
an evaluation of the potential environmental and social benefits resulting from the reuse of materials,
minimization of landfill use, and resource demand [32]. Nevertheless, there exists little research
addressing IBA, as well as the impact of different aspects on the assessment. A rational evaluation
system is essential for industrialization in the preliminary stage. Thus, to establish a scientific IBA,
a conceptual framework is required for promoting the growth of IB in China.

Since 2015, China has allotted various policies to support IB and has enhanced the corresponding
technical standard system, which has encouraged the rapid development of newly started areas of
IB [26]. Nevertheless, the proportion of IB in new construction is approximately 5%, which is far behind
that in the industrialized countries [33]. Moreover, the current technology and standard system of IB
are not flawless enough, which has extremely restricted building industrialization. Mostly, the IBA
of China is concentrated on the computation of an assembly rate, which cannot efficiently assess the
industrialized degree of the entire procedure, which includes the design, prefabrication, construction,
assembly, and operation of IB [34,35]. Furthermore, a systematic and objective assessment framework is
lacking, which leaves a theoretical gap in the assessment of industrial building. The demand concerned
with the sustainable development growth of the construction industry is also not well reflected.

Thus, it is essential to establish a reasonable assessment for the degree of industrialization in the
construction industry. This study aims to fill this knowledge gap. The main objectives of this article
are as follows:

(1) To establish the framework of IBA, which should include dimensions such as efficiency, economic
factors, livability, safety, environmental factors, and social benefits;

(2) To assess the validity of the framework through data collected by assessing estimates of the
framework and overall goodness of fit indices; and

(3) To test the positive impact among efficiency and the supplementary five dimensions (economic
factors, livability, safety, environmental factors, and social benefits).

2. Literature Review

The scientific and rational IBA can enhance its implementation and growth. Setting up an
effectual IBA is helpful for checking whether a building follows the necessities of construction
development [7]. Considering the building assessment standards, existing green building assessments
have been extensively recognized and used. In addition, environmental factors, together with the
economic, social benefits, and safety factors included in green building standards [36-39], the IBA also
considers the efficiency and livability of IB.

2.1. Efficiency

One of the benefits of IB is to upgrade efficiency. When prefabrication and on-site assembly is
used subsequent to the design, the effectiveness of construction process can be enhanced, which lead
to less construction time [40]. It will be necessary, however, to develop much higher requirements
for design, construction, and management. Conventional design cannot fulfill the requirements of
IB. Designers should have the ability to design structure, components, mechanical and electrical
ornaments, prefabrication assemblage, and decoration [41]. Nevertheless, whether the prefabrication
is done in the factory or via on-site assembly, more mechanical ornaments are used in prefabrication
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and constructive procedure, which is performed through assembly construction standards [42].
The conventional management mode is also not suitable for the industrialized construction mode [43],
which needs informative management and communication integration for the entire procedure of
design, prefabrication, assembly, construction, and operation [16,44].

2.2. Economic Factors

Economic factors have always been one of the key factors that impacts the growth of
IB. In relation to traditional building, IB costs higher in some areas, for instance, preliminary
inputs [45], more multifaceted designs, techniques costs [46], prefabrication costs [47], and additional
transportation costs [48]. However, material consumption costs and operating and management
costs of IB are comparatively lower [45]. The fact that cost of IB is greater compared with those of
conventional building is verified by multiple cases and research, and it is caused primarily because of
the higher cost of prefabricated components, transportation costs, and design consulting costs [47].

2.3. Structural Capacity

The structure of both conventional building and IB could be segregated into three types:
steel structure [49,50], timber structure, and concrete structure [51-53]. The primary difference
between conventional building and IB is the mode of construction instead of the structure [54].
IB is prefabricated in factories and assembled on site, while conventional building is constructed on
site [55]. Steel structure is more appropriate for IB, whereas the most extensive application is concrete
structure, particularly reinforced concrete (RC) structures [53,56]. The most ordinary components
for prefabrication include prefabricated floor slabs [57], prefabricated facade, prefabricated beam:s,
prefabricated columns, and prefabricated foundation [33].

2.4. Livability

The fundamental purpose of a building for individuals is living; thus, durability, safety,
adaptability, and quality are taken into account. As compared with conventional building, IB can
efficiently enhance the product accurateness, extend the service life of buildings, and enhance the
durability of buildings [33]. The safety of IB is not remarkably distinct from that of conventional
building, and it is usually believed that IB is equivalent to cast-in-situ in structural stabilities.
The standardization of designs with fewer options are accepted in industrialized buildings,
while customized user-oriented production is today’s trend, and more designers are more inclined
towards building adaptability [58,59]. Owing to the stabilized quality of components manufactured
scientifically, on-site assembly can remarkably minimize construction blunders and human error
through minimizing defects in the quality [60].

2.5. Safety

Employment in the construction industry is generally unsafe, because working high above the
ground in multifaceted environments [61] may lead to injury and sickness [62], earlier retirement [63],
musculoskeletal grievances, and chronic infections [64]. Nevertheless, the construction of IB
has modified the situation. Most of the work is not performed on site (because of factorial
prefabrication [65], on-site construction has considerably declined [21]), mechanization is used for
reducing risk and intensifying labor [66], and atmospheric conditions at the construction site are
enhanced; therefore, the safety and health of employees are guaranteed [67] and the chances of
accidents are declined [25].

2.6. Environmental Factors

IB can considerably improve anti-environmental pollution efforts. It can decrease the utilization
of building materials by decreasing the generation of construction waste [68], harmful emissions,
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and environment pollution [69], which is also one of the aims for sustaining the growth of
buildings [70,71]. Embodied energy (EE) is adopted for measuring overall energy utilized throughout
the lifecycle of buildings. Foraboschi proposed that embodied energy relied primarily on the flooring
system and that steel consumes more EE compared with reinforced concrete [72]. At the end of the
lifetime of IB, it can be broken down into modules or components for the purpose of recycling and
reusing [73].

2.7. Social Benefits

The social benefits of such buildings have gained the attention of researchers, primarily owing to
the fact that the building process itself is a social activity [70]. The social benefits involve making all
the participants satisfied with the design, construction, and operation of the project [74], enhancing the
communication and innovation of technology, and improving the economic progress. For ensuring
the demonstration effect and conducting a comprehensive assessment of the sustainability of the
building, both Leadership in Energy and Environmental Design (LEED) in the United States of
America (USA) and Building Research Establishment Environmental Assessment Method (BREEM)
in the United Kingdom (UK) have established innovative standards for reflecting exceptional
performance, which include procurement strategies, design features, management, and technological
innovation [75].

3. Conceptual Framework and Theoretical Hypothesis

The clearest distinction between IB and conventional building is the transformation of the
construction mode. Mechanical production enhances production efficacy that affects the economy
of the overall construction and operational procedure, livability, safety and health of the employees,
environment, innovation, and social benefits.

According to the concept and characteristics of IB, the framework of IBA consists of the following
six dimensions: efficiency, economic factors, livability, safety, environmental factors, and social benefits,
as shown in Table 1.

Table 1. A Conceptual framework for assessment of industrialized building (IB).

Dimension Code Indicators References
VA1 Integrated design [41]
Efficienc VA2 Integrated construction [42]
Y VA3 Integrated management [16,43,44]
VA4 Construction schedule [1,9,18,21,40]
VB1 On-site construction cost [1,47]
VB2 Operating and maintenance costs [9,45]
Economic factors VB3 Management cost [9,45]
VB4 Prefabrication and transportation cost [1,9,47 48]
VB5 Consumption of building materials, energy, and resources [1,9,21,45]
VC1 Durability of building [33]
o vC2 Safety of building [33]
Livability vC3 Adaptability of building [58,5]
VC4 Quality level of the building [1,18,21,60]
VD1 Safety of employees [1,18,21,67]
Safety VD2 Health of employees [1,62,64,67]
VD3 Possibility of accidents in construction [1,25,66]
VE1 Waste reduction [1,68]
Environmental VE2 Energy and resource savings [1,2,4,9,21,71]
factors VE3 Recycling after the demolition of a building [1,73]
VE4 Environmental pollution reduction [1,18,21,69]
VF1 Application of new technologies and management methods [18,70]
Social benefits VE2 Spillover effects [18,74]

VEF3 Satisfaction of participants [18,75]
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Based on the above study, the following hypotheses are presented:
Hypothesis 1. The efficiency of IB has a positive impact on economic factors.
Hypothesis 2. The efficiency of IB has a positive impact on livability.
Hypothesis 3. The efficiency of IB has a positive impact on safety.

Hypothesis 4. The efficiency of IB has a positive impact on environmental factors.

Hypothesis 5. The efficiency of IB has a positive impact on social benefits.

4. Methodology

This paper studied the fundamental characteristic of IB and set up the conceptual framework
of IBA according to the relevant theories and methodologies of building assessment. Then, research
progress in questionnaire design, questionnaire survey, data collection, data validation, and data
analysis are conducted, and the conclusion of this paper is drawn. The roadmap of this research is
shown in Figure 1.

| Literature review |

Y

| Conceptual framework |

A 4

| Questionnaire design |

A 4

| Questionnaire survey |

A 4

| Data collection |

v
| Validation of the data |

CFA

Result and Conclusion

Figure 1. The research roadmap. EFA: exploratory factor analysis; CFA: confirmatory factor analysis;
and SEM: structural equations model.

4.1. Literature Review

Based on the literature review, the definition, characteristics, and advantages of industrialized
building were developed. This paper studies the basic aspects and classifications of building
assessment. At present, there are few IBAs, and most assessments are concerned with safety and
health [1,67], environmental impact [9,28], economical effect, and social benefit [26,30]. However,
in addition to the above contents, rational IBA still requires the dimensions of efficiency and
livability [33,42].
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4.2. Conceptual Framework

Through the literature review, six dimensions of evaluation were established, which include
efficiency, economic factors, livability, safety, environmental factors, and social benefits, resulting in a
total of 23 evaluation indicators. We hypothesized that the efficiency of IB has a positive effect on the
economic factors, livability, safety, environmental factors, and social benefits.

4.3. Questionnaire Design

We designed the questionnaire through conceptual framework. The questionnaire was composed
of two parts. The first portion covered the basic information of all the participants, which includes
age, type of work, employees, and work experience. The second portion related to the 23 indicators in
the six dimensions of the IBA, as shown in Appendix A. The participants were requested to highlight
values relating to the 23 indicators by means of a Likert five-item scaling method, in which 1 was very
unimportant, 2 was less important, 3 was important, 4 was more important, and 5 was very important.

4.4. Questionnaire Survey

As IBA undertakes the entire procedure from design, prefabrication, assembly, construction,
and operation, the questionnaire was distributed to developers, designers, contractors, engineers,
component suppliers, and property managers. Because just 5% of projects in China are industrialized
in construction at present, we have used snowball sampling in order to get data as much as possible.
The initial 90 questionnaires were sent randomly to 15 designers, 15 contractors, 15 developers,
15 engineers, 15 component suppliers, and 15 property managers from China’s National Assembly
Industrialized Base and the China Property Management Association from January to February in 2018.
The questionnaire was performed through an online platform, and every participant was asked to send
a web-link of the questionnaire to someone who is highly experienced in building industrialization.

4.5. Data Collection

A total of 772 questionnaires were distributed, and 295 valid questionnaires were received
with an effective rate of 38.21%. The questionnaires were gathered from 31 provinces in mainland
China (excluding for Hong Kong, Macao, and Taiwan), which includes 55 responses from designers,
52 responses from developers, 52 responses from engineers, 45 responses from contractors,
46 responses from component suppliers, and 45 responses from property managers, as shown in
Table 2. The majority of the respondents have a minimum of five years of work experience in the
construction industry.
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Table 2. Basic information about the samples.

Variables Category Frequency  Frequency (%)
18-29 32 10.85%
30-39 67 22.71%
Age 40-49 120 40.68%
50-59 58 19.66%
>60 18 6.10%
Designers 55 18.64%
Developers 52 17.63%
Engineers 52 17.63%
Type of work Contractors 45 15.25%
Component suppliers 46 15.59%
Property managers 45 15.25%
1-49 35 11.86%
50-99 24 8.14%
100-199 45 15.25%
Number of employees 200-299 33 11.19%
300-399 27 9.15%
400-499 34 11.53%
>500 97 32.88%
1-5 years 19 6.44%
6-10 years 28 9.49%
10-15 years 30 10.17%
Working experience 16-20 years 59 20.00%
21-25 years 90 30.51%
26-30 years 42 14.24%
>30 years 27 9.15%

5. Data Analysis

SPSS is a series of software products and interrelated services for statistical analysis, data mining,
predictive analysis, and decision support tasks introduced by International Business Machines
Corporation IBM [76]. Amos is used for analyzing of the structural equation model (SEM [77]),
also known as the covariance structural analysis or the cause—effect model analysis. In this paper,
SPSS 24.0 and Amos 24.0 were performed to process and analyze the data.

5.1. Reliability Analysis

Reliability analysis could be applied for measuring the consistency of investigative variables and
scales in distinctive situations for measurement situations [78]. Moreover, in this study, the reliability
coefficient of Cronbach’s Alpha is applied for examining the consistency of the variables in the
questionnaire [79]. If we wish for the good reliability of the variable, the Cronbach’s Alpha coefficient
should be greater than 0.7 [80]. The Cronbach’s Alpha coefficients of efficiency, economic factors,
livability, safety, environmental factors, and social benefits are as follows: 0.876, 0.881, 0.893, 0.880,
0.922, and 0.913, respectively, where each value is greater than the standard of 0.7, showing that the
variables have good internal consistent reliability, as shown in Table 3.

Table 4 illustrates the results of the frequency, means, standard deviations (SD), skewness,
and kurtosis of the data. In this study, a survey of 23 items was adopted, and the responsive rate of
every item varied from the value of 1 to 5. The results indicated that the mean values of the distinctive
items were 3.06-3.68, and the standard deviation was 0.803-1.292.
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Table 3. Reliability analysis in six dimensions.

Dimensions Items Cronbach’s &
Efficiency 4 0.876
Economic factors 5 0.881
Livability 4 0.893
Safety 3 0.880
Environmental factors 4 0.922
Social benefits 3 0.913

Table 4. Results of descriptive statistics.

Frequency

Code Mean SD Skewness  Kurtosis
1 2 3 4 5

VA1l 4 100 68 98 25 3.14 1.024 0.127 —1.120
VA2 20 44 104 102 25 3.23 1.027 —0.380 —0.298
VA3 20 49 95 99 32 3.25 1.071 —0.314 —0.489
VA4 15 32 122 96 30 3.32 0.972 —0.340 0.043
VB1 4 39 165 67 20 3.20 0.803 0.249 0.399
VB2 18 51 110 95 21 3.17 0.999 —0.284 —0.331
VB3 26 53 111 88 17 3.06 1.030 —0.285 —0.430
VB4 19 48 104 94 30 3.23 1.047 —0.276 —0.409
VB5 9 53 127 89 17 3.18 0.898 —0.127 —0.182
VC1 21 48 85 95 46 3.33 1.136 —0.321 —0.637
vC2 29 56 81 70 59 3.25 1.250 —0.169 —0.961
vC3 40 48 83 68 56 3.18 1.292 —0.180 —0.988
VC4 20 36 82 119 38 3.40 1.074 —0.560 —0.234
VD1 6 32 80 108 69 3.68 1.013 —0.443 —0.411
VD2 9 33 82 97 74 3.66 1.067 —0.451 —0.468
VD3 7 22 114 97 55 3.58 0.955 —0.253 —0.159
VE1 22 33 89 119 32 3.36 1.059 —0.586 —0.142
VE2 28 49 73 99 46 3.29 1.194 —0.362 —0.764
VE3 32 31 86 109 37 3.30 1.151 —0.535 —0.427
VE4 38 46 74 107 30 3.15 1.193 —0.395 —-0.797
VF1 18 80 82 89 26 3.08 1.080 —0.039 —0.828
VE2 34 52 75 100 34 3.16 1.190 —0.318 —0.821
VE3 35 60 56 96 48 3.21 1.271 —-0.271 —1.044

5.2. Validity Analysis

Validity analysis is an essential part of empirical study. For questionnaires, content validity and
structure validity are usually adopted for measuring [79]. Content validity refers to the appropriateness
and rational consistency between the items and the tested variables. The questionnaire performed
in this study is based on a literature review for showing the relation between the variables and the
construction of correlation. Thus, this research puts the emphasis on structural validity. Furthermore,
structural validation refers to the capability of items of measuring the variables. In this research,
the data collected were tested by exploratory factor analysis (EFA) for proving the structural validity
of the scale [78].

In general, EFA requires the feasibility test of factor analysis for satisfying both conditions.
The Kaiser-Meyer-Olkin (KMO) measure >0.7, and Bartlett’s spherical test is significant (Sig. <0.005).
SPSS24.0 was used for KMO and Bartlett’s spherical test, and the results are shown in Table 5.

The KMO measure is 0.883, which exceeded 0.7, and Bartlett’s spherical test was remarkable,
the significance of which is 0.000. The findings indicated that the data were reliable with the
requirement of EFA. Hence, further analysis was continued by employing principal component
analysis (PCA) in extracting factor, and common factors were extracted under the situation of a
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characteristic root greater than 1. The varimax orthogonal rotation was applied to rotate factors in
factor analysis. The PCA was performed through SPSS 24.0, and the result is shown in Table 6.

Table 5. Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test results.

Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.883
Approximate Chi-Square 4512.207
Bartlett’s spherical test df 253
Sig. 0.000

As is evident from Table 6, it can be determined that common factor 1 includes 5 items of
VB1-VB5, common factor 2 includes 4 items of VE1-VE4, common factor 3 includes 4 items of
VC1-VC4, common factor 4 includes 4 items of VA1-VA4, and common factor 5 includes 3 items of
VF1-VE3, and common factor 6 includes 3 items of VD1-VD3, which is completely consistent with the
previous conceptual framework. Common factor 1 is indicating economic factors, common factor 2 is
indicating environmental factors, common factor 3 is indicating livability, common factor 4 is indicating
efficiency, common factor 5 is indicating social benefit, and common factor 6 is indicating safety.

Table 6. Rotated factor matrix of PCA.

Factors

Code Communality
1 2 3 4 5 6
VA1 0.166  0.007 0.036 0.817 0.08 0.026 0.704
VA2 0.077  0.098 0.04 0.824 0.1 0.051 0.708
VA3 0.099 0.115 0.044 0.865 0.163 0.115 0.813
VA4 0.147 0.137 0.106 0.811 0.091 0.025 0.719
VB1 0.814 0.1 0.068 0.168 0.079 0.163 0.739
VB2 0.775 0.069 0139 0.134 0.108 —0.001 0.655
VB3 0742 0114 0156 0.058 0.145 0.135 0.63
VB4 0.844 0.109 0.086 0.093 0.122 —0.011 0.755
VB5 0.789 0.121 0119 0102 0.155 0.076 0.691
VC1 012 0188 0.825 011 0126 0.09 0.766
vC2 0.144 0143 0865 0.072 0.182 0.074 0.833
V(3 0.138 0279 0832 0.019 0.088 0.025 0.797
VC4 0.145 0.127 0792 0.04 —0.065 0.15 0.693
VD1 0076 022 0104 0.049 -—0.001 0.872 0.829
VD2 0.068 0.098 0.049 0.079 0.058 0.909 0.852
VD3 0.142 0.113 0151 007 0.141 0.826 0.763
VE1 0.096 0.806 0221 0.114 0.149 0.195 0.78
VE2 0.098 0.858 0.18 0.079 0.149 0.137 0.825
VE3 0.154 0858 0.174 0.131 0.134 0.102 0.835
VE4 0174 0.835 0201 0.086 0.172 0.095 0.814
VF1 0.157 0.186 0.078 0.153 0.848 0.055 0.811
VEF2 0.189 0.162 0.096 0.202 0.885 0.062 0.898
VF3 0.246 0207 0124 0.108 0.844 0.104 0.854
Eigenvalues 7701 2683 2203 1958 1.799 1421
Percentage of variance 33.483 11.665 9.578 8513 7.82  6.179

Cumulative percentage of variance 33.483 45.147 54.726 63.239 71.059 77.238

5.3. Confirmatory Factor Analysis (CFA)

Confirmatory factor analysis (CFA) is applied for testing the convergence validation of the
internal items related to every variable; it aims at verifying the compatibility between the actual
measurement of data and the theoretic framework [81]. The CFA model of IBA is illustrated in Figure 2.
Testing the validity of CFA requires evaluating the model fit. This research has chosen some indices
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by which to assess the fitness of the entire model, including moderate contains chi-square (CMIN),
normed chi-square (CMIN/DEF), goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI),
root-mean-square error of approximation (RMSEA), incremental fit index (IFI), non-normed fit index
(NNFI), and comparative fit index (CFI) [77].

Table 7 indicates that CMIN/DF is 1.326, which is less than 3. GFI, AGFI, IFI, NNFI, and CFI are
greater than 0.9, and RMSEA is 0.033, less than 0.08. Each and every fit index imitates towards
the ordinary standard of SEM. Thus, it takes into account that this model is a well-matched
conceptual framework.

As it can be realized from Table 8, the standardized factor load of every item is greater than 0.7,
and the remaining errors are positive and significant, indicating that there are no violated estimations.
The component reliability (CR) of efficiency, economic factors, livability, safety, environmental factors,
and social benefits were as follows: 0.877, 0.886, 0.895, 0.882, 0.922, and 0.916, respectively, where each
value was greater than 0.7. The average variation extraction (AVE) was 0.642, 0.609, 0.682, 0.715,
0.748, and 0.785, where each value exceeds 0.5. These are compatible for the convergence validation
standards. Model fit is also satisfactory, and every item is kept reserved for subsequent analysis.
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Figure 2. CFA model of IB evaluation.



Int. ]. Environ. Res. Public Health 2018, 15, 1687 11 of 20

Table 7. CFA model Fitness.

Fitting Index Acceptable Range = Measured Value

CMIN 284.986
DF 215

CMIN/DF <3 1.326
GFI >0.8 0.925
AGFI >0.8 0.903
RMSEA <0.08 0.033
IFI >0.9 0.984
NNFI >0.9 0.981
CFI >0.9 0.984

Table 8. Results of CFA.

. . Non-Standardized Standard CR Standardized
Dimensions  Items Factor Load Error (t-Value) P Factor Load CR  AVE
VA1 1 0.733
- VA2 1.055 0.082 12.826 0.771
Efficiency /5 1.285 0.088 1464 0.901 0877 0.642
VA4 1.023 0.078 13.157 0.791
VB1 1 0.812
. ) VB2 1.134 0.083 13.62 0.741
;"“"mm VB3 1.152 0.086 13.367 ok 0.73 0.886  0.609
actors VB4 1.324 0.085 15.603 0.825
VB5 1.084 0.074 14725 0.788
VCl1 1 0.833
o vC2 1.167 0.064 18.132 0.883
Livability 5 1171 0.067 17465 0.857 0.895  0.682
VC4 0.819 0.06 13712 # 0.721
VD1 1 0.874
Safety VD2 1.062 0.06 17.646 0.881 0.882 0715
VD3 0.838 0.054 15.49 0.777
VE1 1 0.841
Environmental VE2 1.165 0.062 18747 0.87
factors VE3 1.139 0.059 19139 0.881 0922 0.748
VE4 1.16 0.062 18.634  wx 0.867
VF1 1 0.83
Social benefit ~ VF2 1.249 0.062 20236 0.941 0916 0.785
VF3 1.253 0.066 18.938 0.884

*** represents p < 0.001.

5.4. Correlation Analysis and Discriminate Validity

The structure of all these dimensions and the conforming items was determined by means of
validity analysis and reliability analysis, which is performed above. Subsequent to the calculation of
the average score of all these dimensions, the correlation analysis was performed [82]. Correlation
analysis is primarily for studying the correlation among variables, the range of which is from —1 to 1.
The larger the absolute value, the closer the correlation among the variables. Discriminate validity
refers to when distinctive methodologies are used for measuring different isomorphisms, the observed
values should be distinguishable from each other.

A rigorous AVE method was adopted for evaluating the discriminate validity in this study.
The diagonal of Table 9 is the root number of all these dimension’s AVEs, which should be higher
as compared with the correlation coefficient for all pairs of variables [81]. Diagonal elements are
higher as compared with off-diagonal elements in the corresponding rows and columns; thus this
study has discriminant validity. The correlation coefficients among efficiency and economic factors,
livability, safety, environmental factors, and social benefits are 0.343, 0.412, 0.292, 0.223, and 0.428,
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respectively; the p values are all significant. The findings indicated that that there is a statistically
significant positive correlation among efficiency and economic factors, livability, safety, environmental
factors, and social benefits.

Table 9. Correlation analysis and discriminant validity.

. . . . Economic . ore Environmental Social

Dimensions Efficiency Factors Livability Safety Factors Benefit
Efficiency 0.801

Economic factors 0.310 ** 0.780
Livability 0.192 ** 0.341 ** 0.825
Safety 0.182 ** 0.236 ** 0.260 ** 0.845
Environmental factors 0.272 ** 0.336 ** 0.464 ** 0.348 ** 0.864
Social benefits 0.343 ** 0.412 ** 0.292 ** 0.223 ** 0.428 ** 0.886

** Correlation is significant at the 0.01 level (2-tailed).

5.5. Structural Equation Model (SEM)

Goodness-of-fit is required for the application of the SEM in order to validate the theoretic
framework. The reliability extent of the expected overall variance estimate matrix with sample
variance matrix expressed the closer association of the framework and sample. As the extent of the
consistency is greater, there would be more closeness of the model with the sample [81]. For achieving
this objective, scholars should consider the important statistical indicators of the SEM. The SEM
framework of IBA is shown in Figure 3. In the evaluation of the model, we should take every indicator
into account precisely when majority of the indicators fulfill the requirements; this will indicate
the goodness-of-fit.
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Table 10 indicates that CMIN/DF is 2.207, which is less than 3; GFI = 0.870, and AGFI = 0.840,
where every value is greater than 0.8. IFI, NNFI, and CFI exceed 0.9, and RMSEA is 0.059, which is less
than 0.08. Each and very index conforms to the standard of the SEM. Thus, it can be considered that
this model is well fit.

Table 10. SEM fitness.

Fitness Index Acceptable Range =~ Measured Value

CMIN 456.093
DF 225

CMIN/DF <3 2.207
GFI >0.8 0.870
AGFI >0.8 0.840
RMSEA <0.08 0.059
IFI >0.9 0.948
NNFI >0.9 0.941
CFI >0.9 0.947

As can be observed from Table 11, the standardization coefficient of efficiency towards the
economic factors is 0.389, and the p-value is 0.001, which demonstrates that efficiency shares a
statistically remarkable and positive correlation with the economic factors. The standardized coefficient
of efficiency to livability is 0.272, and the p-value is 0.001, which shows that efficiency has a statistically
significant positive correlation with livability. The standardized coefficient of efficiency to safety is
0.247, and the p-value is 0.001, which indicates that efficiency has a statistically significant positive
correlation with safety. The standardization coefficient of efficiency to the environmental factors is
0.363, and the p-value is 0.001, which indicates that efficiency has a statistically significant positive
correlation with environmental factors. The standardized coefficient of efficiency to social benefit is
0.437, and the p-value reaches a significant level of 0.001, indicating that efficiency has a statistically
significant positive correlation with social benefit.

Table 11. Path coefficients of SEM.

Hypothesized Relationship B Coefficient S.E. T 14 Supported or Rejected
Efficiency — Economy factors 0.389 0.059 5.824 Supported
Efficiency — Livability 0.272 0.082 4164 *** Supported
Efficiency — Safety 0.247 0.077 3.768  *** Supported
Efficiency — Environmental factors 0.363 0.077 5574 Supported
Efficiency — Social benefit 0.437 0.078 6.654  *** Supported

*** represents p < 0.001.

6. Discussion

Identifying the relationship among efficiency, economic factors, livability, safety, environmental
factors, and social benefits is significant for IBA establishment. In this study, the relationship among
efficiency and economic factors, livability, safety, environmental factors, and social benefits were
explored. EFA together with CFA proved the accuracy of the conceptual framework. The SEM
validated the positive impact of efficiency on economic factors, livability, safety, environmental factors,
and social benefits. Particularly, the relationship of efficiency with social benefit was the strongest
among all, as 3 = 0.437, p < 0.001, which showed that the efficiency of IB has a positive impact on
social benefit (H5), and the false hypothesis that there is no relationship between efficiency and society
is excluded. This indicated that the efficiency of IB has the most significant impact on social benefits.
The enhancement of efficiency can promote the applications of new technologies and new management
methods, give rise to spillover effects, and hence raises the satisfaction of the participants.
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The second one is the relationship between efficiency and economic factors, = 0.389, p < 0.001.
Therefore, the hypothesis that the efficiency of IB has a positive effect on the economic factors (H1)
is valid, and the null hypothesis is excluded. This shows that the efficiency of IB has a significant
impact on the economic factors. The enhancement of efficiency can reduce the duration of construction,
shorten labor input, save consumption of energy and building materials, and decrease the operating
and maintenance cost.

The third is the relationship between efficiency and environmental factors, 3 = 0.363, p < 0.001.
Therefore, the hypothesis 4 that the efficiency of IB has a positive impact on the environmental factors is
valid, and the null hypothesis is again excluded. This indicates that the efficiency of IB has an obvious
impact on environmental factors. The enhancement of efficiency can decrease wasteful emissions and
save energy and resources. IB can contribute to recycling, which causing a reduction in environmental
pollution and waste of resource.

The fourth is the relationship between efficiency and livability, B = 0.272, p < 0.001.
So, the hypothesis 2 that the efficiency of IB has a positive effect on residential performance is valid,
and the false hypothesis is excluded. This indicates that the efficiency of IB also has a certain impact
on livability and the enhancement of efficiency can improve the quality of buildings, as well as the
safety, durability, and adaptability of buildings.

Lastly, there is profound association between efficiency and safety, = 0.247, p < 0.001. Therefore,
the hypothesis 3 that the efficiency of IB has a positive impact on safety is valid, and the nullified
hypothesis is excluded. This is showing that the efficiency of IB has a comparatively weak impact
on the safety and health of employees. The changing mode of production and the enhancement of
efficiency have altered the conventional working methods and operational conditions and can decrease
the possibility of accidents occurring in construction to a certain extent and improve the safety and
health of employees.

In previous research of building assessment, VE1 (waste reduction), VE2 (energy and
resource savings), VE3 (recycling after the demolition of a building), and VE4 (environmental
pollution reduction) were applied for evaluating the environmental performance of prefabricated
school buildings [31]. VB1 (on-site construction cost), VB2 (operating and maintenance costs),
VB3 (management cost), VB4 (prefabrication and transportation cost), and VB5 (consumption of
building materials, energy, and resources) were applied to explore the basic cost composition of
prefabrication and observe the effect of adopting prefabrication on the overall cost of real building
projects [9]. VF1 (application of new technologies and management methods), VF2 (spillover
effect), and VEF3 (satisfaction of participants) were used for assessing the social performance
of building [70,74,75]. This research is consistent with the framework of IBA in this paper.
These assessments refer to several aspects in assessing the sustainability of IB, although none of
them refers to the industrialized degree of IB. There is also no literature concerning the impact among
the aspects.

The framework of IBA is not only evaluating the product, but also the process of IB. In fact,
the positive impact of efficiency on all the above dimensions is in line with the practical use of IB.
The industrialized construction process and the industrialized construction product are two different
outlooks of a dichotomy [83]. Affected by the habits of the traditional Chinese construction industry,
these housing developers put focus on producing profits by means of developing land and the
management of finance throughout this procedure instead of actual construction mechanisms and
the product itself [84]. Nevertheless, owing to the use of industrialized construction techniques
and strategies such as prefabrication and standardization, the construction process is reduced and
integrated, which gives rise to significantly reduced delivery time [54,85]. However, beneath the
backdrop of China’s new urbanization, the integrated construction process enables a significant decline
in the duration of project delivery, directly causing low financing costs and increasing economic
benefits [86]. This benefit from the integrated construction process enables market organizations to
invest more resources in the industrialized construction process as compared with the past period [87].
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Furthermore, the higher degree of the industrialized construction process brings about the increasing
value of the two dimensions of products and processes. Based on the perspective of the construction
process, the application of advanced construction technologies and management strategies ensures
the health and safety of the employees. Based on the perspective of the construction product,
the enhancement of the construction logic gives rise to the perfect product performance [88]. However,
efficiency and value correspond with the process and product of industrialized construction, which are
two different outlooks of the dichotomy. It is the enhancement of the process-oriented efficacy that
causes enhancement of the product-oriented value. The two perspectives of the dichotomy also offer
the impetus to realize social benefits, together with innovation.

7. Conclusions

This research has constructed a conceptual framework of IBA for evaluating the industrialized
degree of IB in China, and SEM was applied for exploring the impact on efficiency with all other five
dimensions. The results of the questionnaire conformed to theoretic study and hypothesis. The results
can be referred to as a solid reference point recognizing IBA in China. The key findings are as follows:

(1) The conceptual framework of IBA was constructed, which includes the following six
dimensions: efficiency, economic factors, livability, safe, environmental factors, and social benefits.
Additionally, it has 23 indicators in the above six dimensions.

(2) IB efficiency showed positive effect on the economic factors, livability, safety, environmental
factors, and social benefits. Thus, efficiency is the main point of consideration in IBA.

The study is based on the current development stage of China’s IB. At present, China is in the
initial stage of industrialized growth. With the enhancement of the industrialized degree, IBA and the
relationship among the dimensions may be changed; therefore, it is necessary to track the investigation.
This paper has established the framework of IBA without a detailed evaluation index and weight,
and further research needs to be conducted.
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Appendix A. Questionnaire
Part 1. Basic Information.

1. Your ageis

018-29 0 30-39 14049 0 50-59 0> 60
2. Your work type is
O 0 O g E ¢ E
Designers Developers Engineers Contractors Omp.onen roperty
suppliers managers

3. The number of employees in the enterprise which you worked in is
J1-49 J50-99 J100-199 J200-299 1 300-399 1400499 J>500

4. Your work experience in construction industry is
O O O O O 0 0
1-5 years 6-10 years 10-15 years 16-20 years 21-25 years 26-30 years >30 years
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Part 2. Please assess the following factors on a scale from 1 to 5, where 1 = “least important” and
5 = “most important”.

Efficiency
VAL. Integrated design 12345
VA2. Integrated construction 12345
VA3. Integrated management 12345
VAA4. Construction schedule 12345
Economic factors
VB1. On-site construction cost 12345
VB2. Operating and maintenance costs 12345
VB3. Management cost 12345
VB4. Prefabrication and transportation cost 12345
VB5. Consumption of building materials, energy and 12345
resources
Livability
VCL1. Durability of building 12345
VC2. Safety of building 12345
VC3. Adaptability of building 12345
VC4. Quality level of the building 12345
Safety
VD1. Safety of employees 12345
VD2. Health of employees 12345
VD3. Possibility of accidents in construction 12345
Environmental factors
VE1. Waste reduction 12345
VE2. Energy and resource savings 12345
VE3. Recycling after the demolition of a building 12345
VE4. Environmental pollution reduction 12345
Social benefits
VF1. Application of new technologies and management

12345
methods
VF2. Spillover effect 12345
VE3. Satisfaction of participants 12345

References

1.  Blismas, N.; Wakefield, R. Drivers, constraints and the future of offsite manufacture in Australia. Constr. Innov.
2009, 9, 72-83. [CrossRef]

2. Cantin, R; Kindinis, A.; Michel, P. New approaches for overcoming the complexity of future buildings
impacted by new energy constraints. Futures 2012, 44, 735-745. [CrossRef]

3. Kheiri, F. A review on optimization methods applied in energy-efficient building geometry and envelope
design. Renew. Sustain. Energy Rev. 2018, 92, 897-920. [CrossRef]

4.  Pérez-Lombard, L.; Ortiz, J.; Pout, C. A review on buildings energy consumption information. Energy Build.
2008, 40, 394-398. [CrossRef]

5. Labeodan, T.; Zeiler, W.; Boxem, G.; Zhao, Y. Occupancy measurement in commercial office buildings for
demand-driven control applications—A survey and detection system evaluation. Energy Build. 2015, 93,
303-314. [CrossRef]

6. Zhang, X,; Skitmore, M.; Peng, Y. Exploring the challenges to industrialized residential building in China.
Habitat Int. 2014, 41, 176-184. [CrossRef]

7. Teng, Y; Mao, C.,; Liu, G.; Wang, X. Analysis of stakeholder relationships in the industry chain of

industrialized building in China. J. Clean. Prod. 2017, 152, 387-398. [CrossRef]


http://dx.doi.org/10.1108/14714170910931552
http://dx.doi.org/10.1016/j.futures.2012.05.001
http://dx.doi.org/10.1016/j.rser.2018.04.080
http://dx.doi.org/10.1016/j.enbuild.2007.03.007
http://dx.doi.org/10.1016/j.enbuild.2015.02.028
http://dx.doi.org/10.1016/j.habitatint.2013.08.005
http://dx.doi.org/10.1016/j.jclepro.2017.03.094

Int. ]. Environ. Res. Public Health 2018, 15, 1687 17 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Li, J.; Liu, H.; Zuo, J.; Xia, R.; Zillante, G. Are construction enterprises ready for industrialized residential
building policy? A case study in Shenzhen. Sustain. Cities Soc. 2018. [CrossRef]

Hong, J.; Shen, G.Q.; Li, Z.; Zhang, B.; Zhang, W. Barriers to promoting prefabricated construction in China:
A cost-benefit analysis. J. Clean. Prod. 2018, 172, 649-660. [CrossRef]

Hosseini, M.R.; Martek, I.; Zavadskas, E.K.; Aibinu, A.A.; Arashpour, M.; Chileshe, N. Critical evaluation of
off-site construction research: A Scientometric analysis. Autom. Constr. 2018, 87, 235-247. [CrossRef]

Polat, G. Factors Affecting the Use of Precast Concrete Systems in the United States. J. Constr. Eng. Manag.
2008. [CrossRef]

Jaillon, L.; Poon, C.S. Sustainable construction aspects of using prefabrication in dense urban environment:
A Hong Kong case study. Constr. Manag. Econ. 2008, 26, 953-966. [CrossRef]

Richard, R.B. Industrialised building systems: Reproduction before automation and robotics. Autom. Constr.
2005, 14, 442-451. [CrossRef]

Jaganathan, S.; Nesan, L.J.; Ibrahim, R.; Mohammad, A.H. Integrated design approach for improving
architectural forms in industrialized building systems. Front. Archit. Res. 2013, 2, 377-386. [CrossRef]

Ji, Y.; Zhu, F,; Li, H.; Al-Hussein, M. Construction Industrialization in China: Current Profile and the
Prediction. Appl. Sci. 2017, 7, 180. [CrossRef]

Zhang, J.; Long, Y.; Ly, S.; Xiang, Y. BIM-enabled Modular and Industrialized Construction in China.
Procedia Eng. 2016, 145, 1456-1461. [CrossRef]

Liu, H. A New Perspective of Building Industrialization to Promote Rapid Development of China’s
Construction. 2017. Available online:  https://www.google.com/url?sa=t&rct=j&q=~&esrc=s&
source=web&cd=1&ved=2ahUKEwjymKmLi9rcAhXSad4KHdIHBESQFjA AegQIChAC&url=http%
3A%2F%2Fojs.udspub.com%2Findex.php%2Fjwc%?2Farticle%2Fdownload %2F235%2F174&usg=
AOvVaw0CVx4GyDyzspRMWd7thlSw (accessed on 30 April 2018).

Li, Z.; Shen, G.Q.; Xue, X. Critical review of the research on the management of prefabricated construction.
Habitat Int. 2014, 43, 240-249. [CrossRef]

Borjeghaleh, R.M.; Sardroud, ].M. Approaching Industrialization of Buildings and Integrated Construction
Using Building Information Modeling. Procedia Eng. 2016, 164, 534-541. [CrossRef]

Li, L.; Li, Z.; Wu, G; Li, X. Critical success factors for project planning and control in prefabrication housing
production: A China study. Sustainability 2018, 10, 836. [CrossRef]

Kamali, M.; Hewage, K. Life cycle performance of modular buildings: A critical review. Renew. Sustain.
Energy Rev. 2016, 62, 1171-1183. [CrossRef]

Azam Haron, N.; Abdul-Rahman, H.; Wang, C.; Wood, L.C. Quality function deployment modelling to
enhance industrialised building system adoption in housing projects. Total Qual. Manag. Bus. Excell. 2015,
26,703-718. [CrossRef]

Musa, M.F; Mohammad, M.E; Mahbub, R.; Yusof, M.R. Enhancing the Quality of Life by Adopting
Sustainable Modular Industrialised Building System (IBS) in the Malaysian Construction Industry.
Procedia Soc. Behav. Sci. 2014, 153, 79-89. [CrossRef]

Kibwami, N.; Tutesigensi, A. Enhancing sustainable construction in the building sector in Uganda. Habitat
Int. 2016, 57, 64-73. [CrossRef]

Rubio-Romero, J.C.; Suarez-Cebador, M.; Abad, J. Modeling injury rates as a function of industrialized
versus on-site construction techniques. Accid. Anal. Prev. 2014, 66, 8-14. [CrossRef] [PubMed]

Pan, W.; Dainty, A.R.J.; Gibb, A.G.F. Establishing and Weighting Decision Criteria for Building System
Selection in Housing Construction. J. Constr. Eng. Manag. 2012, 138, 1239-1250. [CrossRef]

Pan, W.; Gibb, A.G.E; Sellars, A.B. Maintenance cost implications of utilizing bathroom modules
manufactured offsite. Constr. Manag. Econ. 2008, 26, 1067-1077. [CrossRef]

Lu, W.; Yuan, H. Investigating waste reduction potential in the upstream processes of offshore prefabrication
construction. Renew. Sustain. Energy Rev. 2013, 28, 804-811. [CrossRef]

Eastman, C.M.; Sacks, R. Relative Productivity in the AEC Industries in the United States for On-Site and
Off-Site Activities. J. Constr. Eng. Manag. 2008, 134, 517-526. [CrossRef]

Johnson, C. Impacts of prefabricated temporary housing after disasters: 1999 earthquakes in Turkey.
Habitat Int. 2007, 31, 36-52. [CrossRef]

Pons, O.; Wadel, G. Environmental impacts of prefabricated school buildings in Catalonia. Habitat Int. 2011,
35, 553-563. [CrossRef]


http://dx.doi.org/10.1016/j.scs.2018.06.033
http://dx.doi.org/10.1016/j.jclepro.2017.10.171
http://dx.doi.org/10.1016/j.autcon.2017.12.002
http://dx.doi.org/10.1061/(ASCE)0733-9364(2008)134:3(169)
http://dx.doi.org/10.1080/01446190802259043
http://dx.doi.org/10.1016/j.autcon.2004.09.009
http://dx.doi.org/10.1016/j.foar.2013.07.003
http://dx.doi.org/10.3390/app7020180
http://dx.doi.org/10.1016/j.proeng.2016.04.183
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjymKmLi9rcAhXSad4KHdIHBE8QFjAAegQIChAC&url=http%3A%2F%2Fojs.udspub.com%2Findex.php%2Fjwc%2Farticle%2Fdownload%2F235%2F174&usg=AOvVaw0CVx4GyDyzspRMWd7thlSw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjymKmLi9rcAhXSad4KHdIHBE8QFjAAegQIChAC&url=http%3A%2F%2Fojs.udspub.com%2Findex.php%2Fjwc%2Farticle%2Fdownload%2F235%2F174&usg=AOvVaw0CVx4GyDyzspRMWd7thlSw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjymKmLi9rcAhXSad4KHdIHBE8QFjAAegQIChAC&url=http%3A%2F%2Fojs.udspub.com%2Findex.php%2Fjwc%2Farticle%2Fdownload%2F235%2F174&usg=AOvVaw0CVx4GyDyzspRMWd7thlSw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjymKmLi9rcAhXSad4KHdIHBE8QFjAAegQIChAC&url=http%3A%2F%2Fojs.udspub.com%2Findex.php%2Fjwc%2Farticle%2Fdownload%2F235%2F174&usg=AOvVaw0CVx4GyDyzspRMWd7thlSw
http://dx.doi.org/10.1016/j.habitatint.2014.04.001
http://dx.doi.org/10.1016/j.proeng.2016.11.655
http://dx.doi.org/10.3390/su10030836
http://dx.doi.org/10.1016/j.rser.2016.05.031
http://dx.doi.org/10.1080/14783363.2014.880626
http://dx.doi.org/10.1016/j.sbspro.2014.10.043
http://dx.doi.org/10.1016/j.habitatint.2016.06.011
http://dx.doi.org/10.1016/j.aap.2014.01.005
http://www.ncbi.nlm.nih.gov/pubmed/24486769
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000543
http://dx.doi.org/10.1080/01446190802422161
http://dx.doi.org/10.1016/j.rser.2013.08.048
http://dx.doi.org/10.1061/(ASCE)0733-9364(2008)134:7(517)
http://dx.doi.org/10.1016/j.habitatint.2006.03.002
http://dx.doi.org/10.1016/j.habitatint.2011.03.005

Int. ]. Environ. Res. Public Health 2018, 15, 1687 18 of 20

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Aye, L.; Ngo, T.; Crawford, R.H.; Gammampila, R.; Mendis, P. Life cycle greenhouse gas emissions and
energy analysis of prefabricated reusable building modules. Energy Build. 2012, 47, 159-168. [CrossRef]
MHUCSTIDC China Prefabricated Building Development Report (2017), 1st ed.; China Construction Industry
Press: Beijing, China, 2017; ISBN 978-7-112-21214-9.

MOHURD. Evaluation Criterion for Prefabricated Building will Apply from February 2018. Available online:
http:/ /www.cstcmoc.org.cn/plus/view.php?aid=3799 (accessed on 20 February 2018).

MOHURD. The Announcement of MOHURD on the Promulgation of the National Standard for Prefabricated
Building Assessment. Available online: http://www.mohurd.gov.cn/wijfb/201801/t20180122_234899.html
(accessed on 20 February 2018).

Shad, R.; Khorrami, M.; Ghaemi, M. Developing an Iranian green building assessment tool using decision
making methods and geographical information system: Case study in Mashhad city. Renew. Sustain.
Energy Rev. 2017, 67, 324-340. [CrossRef]

He, Y;; Kvan, T,; Liu, M,; Li, B. How green building rating systems affect designing green. Build. Environ.
2018, 133, 19-31. [CrossRef]

Li, Y;; Chen, X.; Wang, X.; Xu, Y.; Chen, P.H. A review of studies on green building assessment methods by
comparative analysis. Energy Build. 2017, 146, 152-159. [CrossRef]

Doan, D.T.; Ghaffarianhoseini, A.; Naismith, N.; Zhang, T.; Ghaffarianhoseini, A.; Tookey, J. A critical
comparison of green building rating systems. Build. Environ. 2017, 123, 243-260. [CrossRef]

VanGeem, M. Achieving sustainability with precast concrete. Pci J. 2006, 51, 42-61. [CrossRef]
Banihashemi, S.; Tabadkani, A.; Hosseini, M.R. Integration of parametric design into modular coordination:
A construction waste reduction workflow. Autom. Constr. 2018, 88, 1-12. [CrossRef]

Azman, M\N.A,; Ahamad, M.S.S.; Majid, T.A.; Yahaya, A.S.; Hanafi, M.H. Statistical evaluation of
pre-selection criteria for industrialized building system (IBS). J. Civ. Eng. Manag. 2013, 19, S131-5140.
[CrossRef]

Ismail, F; Yusuwan, N.M.; Baharuddin, H.E.A. Management Factors for Successful IBS Projects
Implementation. Procedia Soc. Behav. Sci. 2012, 68, 99-107. [CrossRef]

Singh, M.M.; Sawhney, A.; Borrmann, A. Modular Coordination and BIM: Development of Rule Based Smart
Building Components. Procedia Eng. 2015, 123, 519-527. [CrossRef]

Zhai, X.; Reed, R.; Mills, A. Factors impeding the offsite production of housing construction in China: An
investigation of current practice. Constr. Manag. Econ. 2014, 32, 40-52. [CrossRef]

Molavi, J.; Barral, D.L. A Construction Procurement Method to Achieve Sustainability in Modular
Construction. Procedia Eng. 2016, 145, 1362-1369. [CrossRef]

Mao, C; Xie, F; Hou, L.; Wu, P; Wang, ].; Wang, X. Cost analysis for sustainable off-site construction based
on a multiple-case study in China. Habitat Int. 2016, 57, 215-222. [CrossRef]

Tam, VW.Y,; Fung, LW.H,; Sing, M.C.P; Ogunlana, S.O. Best practice of prefabrication implementation in the
Hong Kong public and private sectors. J. Clean. Prod. 2015, 109, 216-231. [CrossRef]

Omar, A.; Mahmoud, B. Calculation of seismic vulnerability index for steel structures. Energy Procedia 2017,
139, 558-564. [CrossRef]

Li, Z.; Pasternak, H. Statistical size effect of flexural members in steel structures. J. Constr. Steel Res. 2018,
144, 176-185. [CrossRef]

Bergstrom, M.; Stehn, L. Benefits and disadvantages of ERP in industrialised timber frame housing in
Sweden. Constr. Manag. Econ. 2005, 23, 831-838. [CrossRef]

Johnsson, H.; Meiling, ].H. Defects in offsite construction: Timber module prefabrication. Constr. Manag. Econ.
2009, 27, 667-681. [CrossRef]

Foraboschi, P. Versatility of steel in correcting construction deficiencies and in seismic retrofitting of RC
buildings. . Build. Eng. 2016, 8, 107-122. [CrossRef]

Gibb, A.G.E Standardization and pre-assembly-distinguishing myth from reality using case study research.
Constr. Manag. Econ. 2001, 19, 307-315. [CrossRef]

Goodier, C.I; Gibb, A.G.F. Future opportunities for o site in the UK. Constr. Manag. Econ. 2007, 25, 585-595.
[CrossRef]

Focacci, F; Foraboschi, P; De Stefano, M. Composite beam generally connected: Analytical model.
Compos. Struct. 2015, 133, 1237-1248. [CrossRef]


http://dx.doi.org/10.1016/j.enbuild.2011.11.049
http://www.cstcmoc.org.cn/plus/view.php?aid=3799
http://www.mohurd.gov.cn/wjfb/201801/t20180122_234899.html
http://dx.doi.org/10.1016/j.rser.2016.09.004
http://dx.doi.org/10.1016/j.buildenv.2018.02.007
http://dx.doi.org/10.1016/j.enbuild.2017.04.076
http://dx.doi.org/10.1016/j.buildenv.2017.07.007
http://dx.doi.org/10.15554/pcij.01012006.42.61
http://dx.doi.org/10.1016/j.autcon.2017.12.026
http://dx.doi.org/10.3846/13923730.2013.801921
http://dx.doi.org/10.1016/j.sbspro.2012.12.210
http://dx.doi.org/10.1016/j.proeng.2015.10.104
http://dx.doi.org/10.1080/01446193.2013.787491
http://dx.doi.org/10.1016/j.proeng.2016.04.201
http://dx.doi.org/10.1016/j.habitatint.2016.08.002
http://dx.doi.org/10.1016/j.jclepro.2014.09.045
http://dx.doi.org/10.1016/j.egypro.2017.11.253
http://dx.doi.org/10.1016/j.jcsr.2018.01.025
http://dx.doi.org/10.1080/01446190500184097
http://dx.doi.org/10.1080/01446190903002797
http://dx.doi.org/10.1016/j.jobe.2016.10.003
http://dx.doi.org/10.1080/01446190010020435
http://dx.doi.org/10.1080/01446190601071821
http://dx.doi.org/10.1016/j.compstruct.2015.07.044

Int. ]. Environ. Res. Public Health 2018, 15, 1687 19 of 20

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.

Foraboschi, P. Structural layout that takes full advantage of the capabilities and opportunities afforded
by two-way RC floors, coupled with the selection of the best technique, to avoid serviceability failures.
Eng. Fail. Anal. 2016, 70, 387-418. [CrossRef]

Nahmens, I.; Bindroo, V. Is Customization Fruitful in Industrialized Homebuilding Industry? ]. Constr.
Eng. Manag. 2011, 137, 1027-1035. [CrossRef]

Rahim, A.A.; Hamid, Z.A.; Zen, LH.; Ismail, Z.; Kamar, K.A.M. Adaptable Housing of Precast Panel System
in Malaysia. Procedia Soc. Behav. Sci. 2012, 50, 369-382. [CrossRef]

Gan, Y,; Shen, L.; Chen, J.; Tam, V,; Tan, Y.; lllankoon, I. Critical Factors Affecting the Quality of Industrialized
Building System Projects in China. Sustainability 2017, 9, 216. [CrossRef]

Kang, Y.; Siddiqui, S.; Suk, S.J.; Chi, S.; Kim, C. Trends of Fall Accidents in the U.S. Construction Industry.
J. Constr. Eng. Manag. 2017, 143, 04017043. [CrossRef]

Ng, S.T.; Tang, Z. Labour-intensive construction sub-contractors: Their critical success factors. Int. ].
Proj. Manag. 2010, 28, 732-740. [CrossRef]

Xiang, J.; Bi, P; Pisaniello, D.; Hansen, A. Health Impacts of Workplace Heat Exposure: An Epidemiological
Review. Ind. Health 2014, 52, 91-101. [CrossRef] [PubMed]

Li, X.; Song, Z.; Wang, T.; Zheng, Y.; Ning, X. Health impacts of construction noise on workers: A quantitative
assessment model based on exposure measurement. J. Clean. Prod. 2016, 135, 721-731. [CrossRef]
Steinhardt, D.A.; Manley, K. Adoption of prefabricated housing-the role of country context. Sustain. Cities Soc.
2016, 22, 126-135. [CrossRef]

Li, H.X.; Al-Hussein, M.; Lei, Z.; Ajweh, Z. Risk identification and assessment of modular construction
utilizing fuzzy analytic hierarchy process (AHP) and simulation. Can. J. Civ. Eng. 2013, 40, 1184-1195.
[CrossRef]

Zeynalian, M.; Trigunarsyah, B.; Ronagh, H.R. Alignment between Lean Principles and Practices and Worker
Safety Behavior. J. Constr. Eng. Manag. 2013, 138, 51-60. [CrossRef]

Liu, Z.; Ying, H. Prefabrication construction in residential building of Vanke real estate company China.
In Proceedings of the 2009 International Conference on Management and Service Science, Wuhan, China,
20-22 September 2009.

Cao, X,; Li, X.; Zhu, Y.; Zhang, Z. A comparative study of environmental performance between prefabricated
and traditional residential buildings in China. J. Clean. Prod. 2015, 109, 131-143. [CrossRef]

Alyami, S.H.; Rezgui, Y. Sustainable building assessment tool development approach. Sustain. Cities Soc.
2012, 5, 52-62. [CrossRef]

Ding, Z; Fan, Z.; Tam, VW.Y,; Bian, Y,; Li, S.; Illankoon, LM.C.S.; Moon, S. Green building evaluation system
implementation. Build. Environ. 2018, 133, 32—40. [CrossRef]

Foraboschi, P.; Mercanzin, M.; Trabucco, D. Sustainable structural design of tall buildings based on embodied
energy. Energy Build. 2014, 68, 254-269. [CrossRef]

Li, X.X,; Li, G.L. Exploration of Modular Build of Architectural Space. Appl. Mech. Mater. 2013, 357-360,
338-344. [CrossRef]

Abowitz, D.A; Toole, TM. Mixed Method Research: Fundamental Issues of Design, Validity, and Reliability
in Construction Research. J. Constr. Eng. Manag. 2010, 136, 108-116. [CrossRef]

Valdes-Vasquez, R.; Klotz, L.E. Social Sustainability Considerations during Planning and Design: Framework
of Processes for Construction Projects. J. Constr. Eng. Manag. 2013, 139, 80-89. [CrossRef]

Applied Statistics Using SPSS, STATISTICA, MATLAB and R; Marques de Sa, J.P., Ed.; Springer:
Berlin/Heidelberg, Germany, 2007; ISBN 978-3-540-71971-7.

Structural Equation Modeling with AMOS; Routledge: Abingdon-on-Thames, UK, 2009; ISBN 9780203805534
Brandt, S. Data Analysis; Springer International Publishing: Cham, Switzerland, 2014;
ISBN 978-3-319-03761-5.

Cleff, T. Exploratory Data Analysis in Business and Economics; Springer International Publishing: Cham,
Switzerland, 2014; ISBN 978-3-319-01516-3.

Boddy, R.; Smith, G. Statistical Methods in Practice; John Wiley & Sons, Ltd.: Chichester, UK, 2009;
ISBN 9780470749296.

Egerton, R.F. Physical Principles of Electron Microscopy; Springer International Publishing: Cham, Switzerland,
2016; ISBN 978-3-319-39876-1.


http://dx.doi.org/10.1016/j.engfailanal.2016.09.010
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000396
http://dx.doi.org/10.1016/j.sbspro.2012.08.042
http://dx.doi.org/10.3390/su9020216
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001332
http://dx.doi.org/10.1016/j.ijproman.2009.11.005
http://dx.doi.org/10.2486/indhealth.2012-0145
http://www.ncbi.nlm.nih.gov/pubmed/24366537
http://dx.doi.org/10.1016/j.jclepro.2016.06.100
http://dx.doi.org/10.1016/j.scs.2016.02.008
http://dx.doi.org/10.1139/cjce-2013-0013
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000571
http://dx.doi.org/10.1016/j.jclepro.2015.04.120
http://dx.doi.org/10.1016/j.scs.2012.05.004
http://dx.doi.org/10.1016/j.buildenv.2018.02.012
http://dx.doi.org/10.1016/j.enbuild.2013.09.003
http://dx.doi.org/10.4028/www.scientific.net/AMM.357-360.338
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000026
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000566

Int. ]. Environ. Res. Public Health 2018, 15, 1687 20 of 20

82.

83.

84.

85.

86.

87.

88.

Barton, J. The Theology of the Book of Amos; Cambridge University Press: Cambridge, UK, 2012;
ISBN 9781139046497

Pan, W.; Gibb, A.G.F,; Dainty, A.R.J. Strategies for Integrating the Use of Off-Site Production Technologies in
House Building. J. Constr. Eng. Manag. 2012, 138, 1331-1340. [CrossRef]

Roy, R.; Brown, J.; Gaze, C. Re-engineering the construction process in the speculative house-building sector.
Constr. Manag. Econ. 2003, 21, 137-146. [CrossRef]

Jiang, L.; Li, Z,; Li, L.; Gao, Y. Constraints on the Promotion of Prefabricated Construction in China.
Sustainability 2018, 10, 2516. [CrossRef]

Jiang, R.; Mao, C.; Hou, L.; Wu, C.; Tan, ]. A SWOT analysis for promoting off-site construction under the
backdrop of China’s new urbanisation. J. Clean. Prod. 2018, 173, 225-234. [CrossRef]

Pan, W.; Gibb, A.E; Dainty, A.R.J. Perspective of UK housebuilders on the use of offsite modern methods of
construction. Constr. Manag. Econ. 2007, 25, 183-194. [CrossRef]

Pan, W.; Goodier, C. House-Building Business Models and Off-Site Construction Take-Up. J. Archit. Eng.
2012, 18, 84-93. [CrossRef]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000544
http://dx.doi.org/10.1080/0144619032000049674
http://dx.doi.org/10.3390/su10072516
http://dx.doi.org/10.1016/j.jclepro.2017.06.147
http://dx.doi.org/10.1080/01446190600827058
http://dx.doi.org/10.1061/(ASCE)AE.1943-5568.0000058
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature Review 
	Efficiency 
	Economic Factors 
	Structural Capacity 
	Livability 
	Safety 
	Environmental Factors 
	Social Benefits 

	Conceptual Framework and Theoretical Hypothesis 
	Methodology 
	Literature Review 
	Conceptual Framework 
	Questionnaire Design 
	Questionnaire Survey 
	Data Collection 

	Data Analysis 
	Reliability Analysis 
	Validity Analysis 
	Confirmatory Factor Analysis (CFA) 
	Correlation Analysis and Discriminate Validity 
	Structural Equation Model (SEM) 

	Discussion 
	Conclusions 
	Questionnaire 
	References

