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Abstract. Prefabricated construction is an effective and efficient approach to improve construction processes, productiv-
ity, quality, and cost-effectiveness. There are, however, practical problems in this approach, including higher risk levels,
and cost and time overruns. This study aims to develop a systematic approach for determining the key factors that affect
investment risk of prefabricated building projects and assess this risk. Based on literature review, a structured question-
naire was distributed to 210 China-based construction organizations. Relevant evaluation index weights were obtained via
questionnaire, and the application of structural equation modelling led to quantitative evaluation of investment risk in the
prefabricated construction industry. The results show that the following systems have the most influence on investment risk
(from high to low): economy, technology, market, management, and policy, and that the investment risk of such projects
can be assessed using structural equation modelling. Relevant measures are presented to guide investment risk evaluation
of projects. This study contributes to literature by considering investment risk influencing factors in this field. Further, the
findings can help in understanding the implementation and investment risk control of prefabricated building projects,
while providing valuable information to departments that make decisions on improving investment risk performance of
such projects.

Keywords: prefabricated buildings, investment risk, risk evaluation, risk management, structural equation model (SEM),

construction industry, China.

Introduction

Prefabricated buildings refer to buildings that are assem-
bled using factory-produced prefabricated components
after their delivery at the construction site (Nistico et al.,
2015). Compared to traditional buildings, prefabricated
ones have advantages in terms of improved construction
quality, reduced labor requirements, and lower environ-
mental impact (Ng & Loosemore, 2007). The development
of the prefabricated building industry in China, including
its associated processes, is still in its early stage. However,
the implementation of this policy is expected to signifi-
cantly increase the scale of such projects in the future.
The State Council of China has formally issued several
proposals (released on February 6, 2016) regarding con-
struction management to further strengthen urban plan-
ning, which state that China “will strive for a period of
approximately 10 years to make prefabricated buildings
account for 30% of new constructions”. Prefabricated con-
struction is regarded as an effective and efficient approach

to improve construction processes and productivity,
thereby ensuring better construction quality and reduced
time and cost. Without the implementation of sufficient
risk management measures, investment in prefabricated
building projects may face severe risk, due to the uncer-
tainty of future investment income and possible loss of
the investment principal (Kaliszewski, 2019). Although
prefabricated building projects have been accepted and
adopted by the global construction industry, investment
risk assessment of such projects is still in its infancy (Qi
& Zhu, 2015; Hong et al., 2018). At present, most research
on risk management of such projects is based on various
risk assessment theories in combination with engineering
examples; however, there is less evaluation of investment
risk in such projects. Therefore, it is important to high-
light the sources of risk in the investment process of such
projects, and to establish an investment risk assessment
system that minimizes the risk involved in this process.
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Risk assessment (RIA) refers to the quantified effects and
possibilities of loss of human and animal life, property
damage, and other consequences, before and after the oc-
currence of a potential risk event (Ye & Tiong, 2003). RIA
is necessary to quantify the degree of impact or loss that
may be caused by an event or an object. As the current
investment risk guidelines are insufficient for addressing
the requirements of prefabricated building construction
(Li et al., 2017a), it is necessary to establish an accurate
investment risk assessment system to accurately judge the
degree of risk during such construction.

Establishing a risk assessment system, specifically to
address the investment risk of prefabricated building proj-
ects, requires conducting a thorough risk analysis and a
comprehensive assessment of the construction investment,
which can ensure strong risk control and aid in determin-
ing preventative measures. Through the implementation
of such measures, we can avoid investment risk problems
that can hinder a prefabricated building project, while an
accurate investment risk evaluation can ensure project
efficiency and further promote industrialization of the
construction sector (Huang et al., 2013). However, there
is a research gap in the knowledge regarding investment
risk evaluation of prefabricated building projects. There
are several methods of evaluation (such as quantitative
and qualitative) and there are various methods for con-
ducting RIA, including fuzzy comprehensive assessment,
clustering analysis, hierarchical analysis, fuzzy analytic
hierarchy process, Grey system theory sensitivity analysis,
and factor analysis (Fischinger et al., 2009; Pinto, 2014).
These methods have been used to identify and evaluate the
construction risks of prefabricated structures in the past.
Although these methods can incorporate uncertainty in
the information flow during the process of RIA as well as
include any obfuscation of directional indexes, they can-
not be used to make a comprehensive and objective as-
sessment of randomness in the uncertainties (Wei et al.,
2005; Wu et al.,, 2017; Xiong et al., 2013). Among these
assessment methods, an analytic hierarchy process offers
simplicity and practicality. However, this method provides
approximate results and is greatly influenced by subjective
factors. Accident risk probability analysis is based on large
volume of accident data, but there are relatively few pre-
fabricated building projects in their early stages. Cluster
system analysis can be used to determine similar relation-
ships between classes but it cannot be used to solve the
problem of optimal ranking within the same class. The ad-
vantage of the clustering analysis model is that it provides
an intuitive and concise conclusion; however, its disadvan-
tage is that it is difficult to obtain a clustering conclusion
when the sample size is large. The fuzzy comprehensive
assessment method can lead to a scientific quantitative
assessment, but it is easy to obtain a poor resolution, or
even a failed multi-index assessment. A sensitivity analysis
plays a significant role in developing a risk plan; however,
the calculation is monotonous and the data are irregular,
which may result in contradictory assessment results. Al-
though the advantage of applying a factor analysis to the

simplification and integration of the data is evident, the
use of the least squares method may result in a failed out-
come. Considering these shortcomings, we use the struc-
tural equation model (SEM) in our study.

The SEM is a statistical technique used for testing and
estimating causal relationships through a combination of
statistical data and qualitative causal assumptions, which
makes up for the shortcomings of the above methods. This
view of the SEM was articulated by the geneticist Wright
(1921) and the economist Haavelmo (1943), and it was
formally defined by Pearl (2009) using the calculus of
counterfactuals. Relevant research efforts using the SEM
have also been undertaken in the construction field. The
factors influencing the downtime consequences of con-
struction equipment were characterized and quantified
based on the SEM (Hong et al., 2018). According to Mo-
lenaar et al. (2000), the SEM can be used to describe and
quantify the fundamental factors that affect contract dis-
putes between owners and contractors in the construction
industry (Molenaar et al., 2000). Furthermore, Debrezion
et al. (2007) used SEM to study the impact of railway sta-
tions on property values. Their findings showed that com-
muter railway stations have a significantly higher impact
on property values as compared to light- or heavy-traffic
railway stations (Debrezion et al., 2007). Cho et al. (2009)
used factor analysis and SEM to deduce the overall causal
relationship and level of influence among project charac-
teristics, owner characteristics, contractor characteristics,
environment characteristics, and five more categories of
project performance, including construction costs and
time.

This paper summarizes the qualitative evaluation sys-
tems used in the literature and quantifies this evaluation
through a questionnaire and the SEM to provide a more
robust framework for the comparison and selection of in-
vestment schemes. This study explores the factors of an
investment risk evaluation system from the policy, mar-
ket, technology, economy, and management perspectives,
and proposes an assessment method that can help evalu-
ate investment risk. The findings contribute to the exist-
ing knowledge of investment risk assessment by focusing
on prefabricated building projects. The study also sum-
marizes the lessons and experiences gained from current
prefabricated building projects, and provides insights for
industry practitioners who seek to adopt an investment
risk assessment method.

1. Literature review

The prefabricated building form has been widely used in
many regions around the world, such as Japan, Europe,
and North America. Scholars have extensively studied its
supply chain and the assessment of its construction risk.
Stroebele et al. (2017) analyzed the influencing factors and
management methods of the assembled residential supply
chain, offering corresponding countermeasures. Zhong
et al. (2017) discussed the role of Internet of Things in
the promotion of prefabricated buildings. Rose (2012) dis-
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cussed the case of a Swedish prefabricated project with in-
teractive research technology to explain the risk of precast
construction and have proposed a corresponding solution.

Research on prefabricated buildings in China has
grown significantly over the years. Zhang (2014) studied
the influence of two aspects of policy and enterprise inter-
nal management on the investment risk of prefabricated
building projects and used the analytic hierarchy process
(AHP) to obtain the corresponding investment risk evalu-
ation system. Starting from the prestressed concrete rates
for prefabricated buildings, Cheng (2017) analyzed the
difference in the precast cost between reinforced concrete
and regular concrete, and proposed measures to reduce
subsequent investment costs. Li (2017) pointed out the
economic benefits from the increase in the acquisition rate
of fabricated steel structures for housing and explained
its influence on the investment cost from a policy and
structural scheme perspective. Contrary to several com-
mon risk assessment methods, Chen (2017) developed
the AHP-Fuzzy comprehensive evaluation model and de-
scribed the risk management dynamics of prefabricated
buildings in four stages. Qi et al. (2016) provided a com-
prehensive explanation of the life cycle risk identification
of the prefabricated building by using entropy and expert
scoring methods and comparing the index size of each
influencing factor.

The research above (Stroebele et al., 2017; Zhong et al,,
2017; Rose, 2012; Zhang, 2014; Cheng, 2017; Li, 2017;
Chen et al., 2017; Qi et al,, 2016) shows that the influ-
encing factors only consider policy and management, or
politics and economy, and thus cannot comprehensively
analyze the investment risk of prefabricated buildings.
This study is different from previous studies on this topic,
as it aims to study, based on existing literature (Chen et al.,
2017; Wen, 2016), the risk factors from the policy, market,
technical, economic, and managerial perspectives, as pos-
sible influencers of investment risk of prefabricated build-
ing projects.

1.1. Analysis of policy risk factors

1.1.1. Incentive policy factors

All provinces and cities in China receive subsidies and
incentives for fabricated projects, such as volume rate re-
wards, area subsidies, land priority transfers, equipment
fund subsidies, and tax relief (Li et al., 2017a). The incen-
tive policy compensates developers for the incremental
cost of the implementation of prefabricated structures and
thus, the impact of investment risk is offset to a certain
extent (Li et al., 2017b).

1.1.2. Mandatory policy factors

Coercive policies also play an important role within this
topic. In the early stages of industrialization, the manda-
tory use of fabricated construction projects was mostly
funded by affordable housing or public rental housing
(Li et al., 2016). The most significant impact of coercive
policies is on investment risk. Traditional buildings charge

11% in value-added taxes (revenues) and the value-added
process of the prefabricated components in the factory im-
plies that the components are also subject to taxes (Bur-
tonshaw-Gunn, 2017). Therefore, there is an increased tax
burden and the higher the prefabricated rate, the heavier
is the tax burden.

1.2. Analysis of market risk factors

1.2.1. Market acceptance

Market acceptability can be classified into industry accept-
ance and consumer acceptance (Cen & Liu, 2016; Tian
et al,, 2016). Although the prefabricated building may be
ecologically friendly, efficient, and safe, it is difficult to de-
crease the construction cost in the short term. At present,
along with the increasing cost of building such projects,
there are additional costs for exploration and adaptation
of industrial transformation, as well as “learning costs”,
which means that unpredictable losses are likely (Lai,
2018). Whether this is acceptable to developers or con-
struction units is yet to be evaluated.

In consumer groups, the strength of prefabricated
buildings is not good enough. In building networks and
other related forums, we see that many users have doubts
about the safety of prefabricated components; a subse-
quent challenge is how to ensure or possibly improve the
stability of the building while reducing the time limit for
prefabricated building projects (Li et al., 2014). In addi-
tion, prefabricated buildings offer limited diversity, are
single in mode, and are more suitable for residential pur-
poses; thus, it is difficult to completely meet the individual
needs of modern consumers.

1.2.2. Integrity of the industrial chain

Prefabricated buildings have yet to form a one-button sup-
ply chain from the perspective of planning and design,
material supply, component production, and project con-
struction. As with traditional buildings, the cost of pre-
tabricated buildings is greatly influenced by the change in
market price of raw materials such as steel and cement.
Manufacturers of some materials of PC components may
also end up monopolizing the segment, for example, if the
PC component prefabrication plant is in an early stage,
regional development is uneven, the transregional choice
of transportation is very expensive, and other options are
not economically viable, then price-based monopoly is
possible and this can increase budget costs.

1.2.3. Similar product cost performance

Traditional buildings meet user requirements of comfort,
functional integrity, and building safety. The price of pre-
tabricated buildings is higher than traditional buildings
because of their high cost of development, but they of-
fer the advantage of high thermal insulation performance
of the precast wall and subsequent reduction in energy
consumption. These effects cannot usually be accurately
reflected in the short term and, thus, the competitive ad-
vantage is not immediately obvious.
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1.3. Analysis of technical risk factors

The technical risks of prefabricated buildings have the fol-
lowing four aspects.

1.3.1. Quality risk

Quality problems that may occur in the manufacturing
of components include size deviation of components, po-
sitional deviation of the reinforcing bar and embedded
parts, or more serious problems such as leakage of tendons
and cracks due to improper concrete pouring and mainte-
nance (Kaliszewski, 2019). Solutions to such problems can
be guaranteed by contracts, but within acceptable range;
errors in components, however, will increase the difficulty
of construction later on, and may even delay the project.

1.3.2. Design risk

First, we address the risk related to the prefabrication de-
sign.

The investment risk of prefabricated building projects
is related to the various parameters of the project. Taking
the common prefabricated steel structure and prefabri-
cated-reinforced concrete as an example, the cost of the
prefabricated steel structure is high, but the structure is
large, the bearing capacity must be strong, the space ar-
rangement are more operational, and the area rate is large
(Wang et al., 2019). The rate of return on investment is
thus increased, but the components for the latter need to
be processed using high-temperature steam in factories,
implying that it will increase the demand for coal and
electricity as well as carbon emissions linked to concrete.

Second, we address the risk related to the PC rate of
the building. The cost of flat production is 20%, which is
higher than that of traditional buildings, and it has in-
creased by 360-450 yuan per square meter. With an in-
crease in the prefabrication rate, the corresponding cost
component will also increase (Pinto, 2014).

Third, we discuss the risk related to the scale of the
project and the replication rate of the floor. According
to this study, when the prefabricated project reaches 100
thousand square meters in volume, the unit cost equals
that of traditional buildings, and the comparative advan-
tage becomes more obvious. The rate of floor replication
is also an important factor in investment, because when
the rate of single floor duplication is high, the component
can be produced in batches, the production cost of unit
component is reduced, and the rate of return of the project
increases.

Fourth, we address the design integration risk. Inte-
grated design and integrated construction are the future
of prefabricated buildings. In traditional architecture and
construction, the design of civil engineering, reinforce-
ment, installation, and decoration often requires carrying
out collision tests to ensure the operability of construction
according to plan. In the design of prefabricated compo-
nents, the accuracy of reserved holes and the position of
joints between the components are very important, as this

directly affects the production of the components (Ino-
zemtcev & Duong, 2019). If the level of integrated design
is insufficient and the design changes frequently, the direct
cost of production and construction will increase (Zhong
et al,, 2017).

Fifth, we discuss the constructability risk of the de-
sign. In addition to the aforementioned parameters, the
design of key points such as the arrangement of the hoist-
ing point and the connection mode of the components
should consider the operability of the actual construction
(Luo et al., 2015). Hoisting lifting points is not sufficient
according to theory, and the characteristics of the existing
lifting machinery should be considered. The number and
position of lifting points should be properly arranged to
avoid problems in lifting of the crane and affecting the
time limit involved. In addition, the design of connections
between components should be very simple. Taking exter-
nal wall connections as an example, there are external and
side connections in which the construction and installa-
tion errors of the side connection are high, leading to dif-
ficulty in construction and the possibility of damage to the
components (Zhao et al., 2019). A subsequent delay in the
time limit can lead to damage to the components causing
a rise in the cost (Zhang, 2014).

1.3.3. Transportation risk

The PC component is the finished or semi-finished prod-
uct of the construction department’s components. Its qual-
ity is strong, it has large volume, and the risk of trans-
portation loss is higher than that for ordinary building
materials (Luo, 2019). During transportation, the layout,
fixing, and protection measures must be carried out accu-
rately and rigorously, as this ensures that the components
are intact when transported to the scene.

1.3.4. Construction risk
1) The risk of component stacking and protection

At the site of a fabricated project in Shanghai, there are
only three patents for the stacking of prefabricated parts,
which explains its high requirements (Chang & Wu, 2019).
The components are transported to the construction site,
where some are temporarily placed. The corresponding
temporary support and fixed facilities should be set up
when stacking. At the same time, concrete components
require certain humidity for subsequent maintenance, and
improper measures may cause construction accidents.

2) The risk of hoisting construction

There are three main sources of construction risk of
components (Igbal et al., 2015). First, the management
personnel may fail to make progress and construction
planning according to the technical features of the proj-
ect and prefabricated components, which may thus cause
complications in construction. Second, there may be a
lack of experience in motivating the construction per-
sonnel, and the actual construction may deviate from ex-
pected goals. Finally, similar to traditional building risks,
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the strength of the cast-in-place concrete and the grouting
material is significant. In a prefabricated building project,
the strength of the cast-in-place concrete and the grouting
material will not only cause quality problems in later use,
but also affect the tightness of the connection between the
components and cause secondary accidents.

1.4. Analysis of economic risk factors
1.4.1. Investment estimate risk

Under the premise that quota standards are not perfect,
the accuracy of the bill of quantities calculation cannot be
guaranteed, and there is a possibility of deviation in the
investment estimation (Wang et al., 2018). As the capital
demand in construction projects is generally large, most
of these funds come from bank loans. When the actual
investment exceeds the estimated range of investment, the
difficulty of raising additional funds increases, affecting
the interest risk and other economic indicators.

1.4.2. Financing risk

Financing risk refers to the difficulty of estimating the rate
of return on capital when funds are raised, and enterprises
may be faced with the risk of declining returns or even
loss in investment projects. The construction project, of-
ten large in scale, involves large amounts of capital and
long turnover periods. Particularly in the installation of
construction projects, the initial investment and one-time
cost is higher than that in traditional construction pro-
jects, therefore, relying on financing to solve the shortage
of funds leads to higher risks (Liu, 2013).

1.5. Analysis of managerial risk factors
1.5.1. Contract risk

Contracts are essentially the result of communication and
coordination between construction projects and enterpris-
es. The contract terms and the formulation of treaties to
protect the rights and interests of enterprises can reduce
the risks involved, based on adequate communication and
coordination.

1.5.2. Project management risk

The role of project management includes project decision-
making, design management, and preliminary prepara-
tion. Project management risk covers two levels, namely
project management methods and the experience and
quality level of project management personnel.

An unreasonable project management method would
negatively affect the feasibility and effectiveness of the
project, and ultimately affect the comprehensive effort
(Gang, 2016). The project management method of prefab-
ricated buildings should not completely follow the meth-
ods in traditional construction, as the standard system of
quality management and safety management needs to be
evaluated (Zhang & Zheng, 2015).

The level of the project manager is also important. At
the beginning of the development of the project, the lack
of experienced managers is the main problem. Facing
problems in project operation planning, it is difficult to
achieve a full range of countermeasures, which may exac-
erbate the risk factors.

1.6. A summary of investment risk analysis

The risks associated with the design, component produc-
tion and transportation, and construction plans, have led
to the shift of investment risk from the construction sec-
tion to the production section. In the feasibility assess-
ment of construction, shortening the construction period
implies shortening the investment period and saving fi-
nancing costs, while the feasibility of economic evaluation
is reduced.

Risks in design, component production, transporta-
tion, construction, and operation imply contract and in-
surance control issues in project investment. In a high-
risk scenario, the choice of the contract type, the contract
content and terms, and the selection of the corresponding
insurance scheme may have a significant influence on risk
assessment.

2. Research methodology
2.1. Structural Equation Model (SEM)

The SEM is a research method for statistical analysis,
which can be used to process complex multi-variable
research data (Liu et al., 2017). It can estimate potential
variables, complex independent variables, or a dependent
variable prediction model by examining the relationship
between various factors.

The SEM includes measurement and structural models;
the measurement model refers to the relationship between
potential variables and observed variables while the struc-
tural model refers to the relationship between potential
variables (Zheng et al., 2016). Potential variables are not
measurable and are usually represented by ellipses. Obser-
vation variables, also known as measurement variables or
dominant variables can be measured by direct means and
are generally expressed as rectangles (Zheng et al., 2016).

2.1.1. Measurement model

In the measurement model, the assumed construct cannot
be directly measured but can be a trait or an abstract con-
cept; therefore, the observed, recorded, and summarized
data and the measured data can be built into the potential
variables by using the measurement model, generally ex-
pressed by the following matrix equation.

A measurement equation for independent variables:

X=AE+35. (1)
A measurement equation for dependent variables:

Y=Ayn+e. (2)
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Figure 1. Measurement model and structural model

2.1.2. Structural model

The structural model shows the causal relationship of po-
tential variables:

n=r&+pn+gc. (3)

The relationship between the measurement model and
the structural model is shown in Figure 1.

2.1.3. Model construction

Technical
system

Investment risk
of prefabricated
building project

Management

Economic T

system

system

Figure 2. Structural model of construction risk assessment
for prefabricated building projects

2.1.4. Assumptions of the model

The SEM helps to establish the investment risk of prefabri-
cated building projects. According to the evaluation index
system discussed above, there are five latent variables in
this model, namely policy system, market system, tech-
nical system, economic system, and management system.
The path relationship diagram is shown in Figure 2.

The policy system includes three secondary indicators,
namely the four measurable variables of the degree of per-
fection of relevant laws, implementation of incentives or

mandatory policies, and the sustainability and stability of
the policy. The market system factors include three sec-
ondary indicators, namely market acceptance, industrial
chain integrity, and price ratio of the same product. The
technical system factors consist of three secondary indi-
cators, namely maneuverability of design, transportation,
and construction schemes, integrity of the modular system,
and quality standard of technical personnel. The economic
system also has three secondary indicators, namely three
measurable variables of initial one-time cost and fund re-
covery period, a lack of lists and quotas, and limitations
of developer financing and consumer loan channels. The
management system is composed of three secondary in-
dicators, namely project participation in communication
and coordination among enterprises, project management
method for prefabricated building projects, and manage-
ment staft’s experience and quality level.

We thus develop the following hypotheses to be tested
in this study:
H1: Policy system risks have a significant impact on the
investment risk of prefabricated building projects.
Hla: The degree of perfection of relevant laws has a sig-
nificant influence on policy system risk.
H1b: Implementation of incentives or mandatory policies
has a significant influence on policy system risk.
H1lc: The sustainability and stability of policy has a signifi-
cant influence on policy system risk.
H2: Market system risk has a significant impact on the
investment risk of prefabricated building projects.
H2a: Market acceptance has a significant impact on mar-
ket system risk.
H2b: Industrial chain integrity has a significant impact on
market system risk.
H2c: The price ratio of the same product has a significant
impact on market system risk.
H3: Technical system risk has a significant impact on the
investment risk of prefabricated building projects.
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H3a: The maneuverability of design, transportation, and
construction schemes have significant impact on technical
system risk.

H3b: The integrity of the modular system of the Ministry
has a significant impact on technical system risk.

H3c: The quality standard of technical personnel has sig-
nificant impact on technical system risk.

H4: Economic system risk has a significant impact on the
investment risk of prefabricated building projects.

H4a: Initial one-time cost and fund recovery period has a
significant impact on economic system risk.

H4b: A lack of lists and quotas has a significant impact on
economic system risk.

H4c: Limitations of developer financing and consumer
loan channels has a significant impact on economic sys-
tem risk.

H5: Management system risk has a significant impact on
the investment risk of prefabricated building projects.
Hb5a: Project participation in communication and coordi-
nation among enterprises significantly influences manage-
ment system risk.

H5b: Project management method for prefabricated build-
ing projects has a significant influence on management
system risk.

H5c: Management staff’s experience and quality level has
a significant impact on management system risk.

2.1.5. Model identification

The identifiability of the model should be considered be-
fore analysis; otherwise, the corresponding parameter val-
ue cannot be estimated. Bollen (1989) put forward the “¢#”
rule, which determines the recognizability of the model.

Here, t is the number of freely estimated parameters. If ¢ is
less than DP (number of measured data points), this rep-
resents excessive identification; when the two numbers are
equal, this means sufficient recognition. If ¢ is greater than
DP, this means insufficient recognition, thus increasing
the constraint conditions. The test formula is as follows:

pp_ (rallprar). (4)

2

The number of measured data of the hypothesized
model DP = 22*23/2=253, the number of freely estimated
parameters t = 54, hence t < DP, thus indicating over-
identification and confirming that this can be further ana-
lyzed.

2.2. Establishment of investment
risk evaluation system

Based on the theory of the evaluation system of Cheng
and Wen, we posit that the investment risk evaluation
system of the prefabricated building project is as follows
(Chen et al., 2017; Li et al., 2017a, 2017b) (see Table 1).
The investment performance model evaluation method
for a prefabricated building project is shown in Figure 3.

3. Data analysis

3.1. Questionnaire information
and basic investigation

This survey adopted the five-point Likert scale to establish
an evaluation dimension of 1 to 5 points. This was distrib-
uted to industry experts in civil engineering and engineer-
ing management fields (Table 2).

Table 1. Investment risk evaluation system for prefabricated building projects

First level of
evaluation index | Designate Second level of evaluation index (observation variable) Designate
(potential variable)
The degree of perfection of relevant laws Al
Policy system risk A Implementation of incentives or mandatory policies A2
The sustainability and stability of policy A3
Market acceptance Bl
Market system risk B Industrial chain integrity B2
Investment The price ratio of the same product B3
risk of The maneuverability of design, transportation, and construction
prefabricated i schemes Cl1
building 'Ijechmcal system : : —
projects risk C The integrity of the modular system of the Ministry C2
Quality standard of technical personnel C3
' Initial one-time cost and fund recovery period D1
EZinomlc system D A lack of lists and quotas D2
Limitations of developer financing and consumer loan channels D3
Project ‘participation in communication and coordination among E1l
Management enterprises
system risk E Project management method for prefabricated building projects E2
Management staft’s experience and quality level E3
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’ Factor analysis and Path analysis
————————
Reliability Validity
analysis analysis
Building a structural A4
equation model Establish a comprehensive

evaluation system

+_I

Engineering case

’ empirical research

Expert evaluation

’ Conclusions and deficiencies ‘

’ Weight design

’ Index quantification

Figure 3. Investment performance model evaluation method
for prefabricated building projects

The respondents of this survey were workers engaged
in prefabricated building construction, and a summary of
their basic details in shown in Table 3. A sample size of at
least 100 implies that the maximum likelihood estimation
(MLE) method should be used to estimate the structural
equation. However, if the sample size is much larger (e.g.
400 to 500), then the MLE method tends to be over-sen-
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sitive and it may lead to poor results of the fitness index
tests (Rong, 2009). Questionnaires are an integral part of
such a survey, and its reliability and validity, ensured via
compliance, will affect the accuracy and reliability of the
results.

The questionnaires were distributed through contacts
and networks within the field, and 210 filled copies were
collected. Out of these, 176 were valid questionnaires,
implying an effective response rate of 83.8%. The uneven
distribution of samples implies that it is not enough to
describe the problem comprehensively, so it is only used
to establish the evaluation model.

3.2. Analysis of reliability and validity

This study uses SPSS 22.0 as the software to evaluate
Cronbach’s alpha, which is as an indicator of sample reli-
ability. The model also uses the overall correlation coef-
ficient CITC value as a supplement to the alpha test. The
results are shown in Table 4.

The alpha values of the five potential variables are sig-
nificantly higher than 0.6, which is within acceptable lim-
its. The reliability coefficient of the questionnaire is 0.870
and, since this value is greater than 0.8, it indicates high
quality of the data. The CITC value is between 0.323 and
0.642; since this is above the 0.3 limit, it implies that the
data is reliable.The analysis of the validity of the data is
shown in Table 5.

Table 5 shows that the KMO (0.799) is greater than
the threshold value of 0.6, thus satisfying the precondition
of factor analysis. In addition, the Bartlett sphericity test
(p < 0.55) conforms to the appropriate significance level,
also indicating suitability of factor analysis.

Table 2. Survey on the impact of investment risk on prefabricated building projects

10 Initial one-time cost and fund recovery period

11 A lack of lists and quotas

12 Limitations of developer financing and consumer loan
channels
13 Project participation in communication and

coordination among enterprises

14 Project management method for prefabricated building

15 Management staff’s experience and quality level

Size
Number Item (importance of investment risk -
for prefabricated building) One Two Three Four Five
point point point point point
1 The degree of perfection of relevant laws
2 Implementation of incentives or mandatory policies
3 The sustainability and stability of policy
4 Market acceptance
5 Industrial chain integrity
6 The price ratio of the same product
7 The maneuverability of design, transportation, and
construction schemes
8 The integrity of the modular system of the Ministry Completely Slightly | Generally | Slightly Very
9 Quality standard of technical personnel unimportant | unimportant | important | important | important
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Table 3. Summary of respondents to the questionnaire (n = 210)

Essential information Classification Frequency Percentage (%)
Age 30 years old and below 22 10.48
31~40 years old 108 51.42
41 years old and above 80 38.10
Sex Men 114 54.29
Women 96 45.71
Educational level Specialist and below 10 4.76
Undergraduate 97 46.19
Master’s and above 103 49.05

Table 4. Cronbach’s alpha reliability coeflicient

Table 6. SEM model fitting index comparison table

Latent Observation Correction it.e m Alpha
variable variable total correlation coefficient
(CITC)
. Al 0.401
P"XCY A2 0.484 0.676
A3 0.606
Bl 0.529
Mal;ket B2 0.628 0.688
B3 0.370
Cl 0.420
T“hré‘)l"gy C2 0.552 0.637 | 0.870
c3 0.323
. D1 0.497
ECO‘g’m‘C D2 0.456 0.660
D3 0.460
El 0.572
Management ™™g 0.624 0.774
E3 0.642

Table 5. Test results of Barthes spherical values
(Bartlett) and KMO values

Inspection index Numerical value
Bart spherical Approximate chi square 532.878
value df 105

p value 0.000
KMO 0.779

3.3. Construction and revision
of SEM based on Amos 22.0

The fitting indices before and after model modification are
analyzed (Table 6).

The first four parameters in the table are the abso-
lute exponents resulting from fitting the structural equa-
tion model, namely the root of the significance, the chi
square’s degree of freedom ratio, the fitness index, and the
approximate error, respectively. The next four are the rela-
tive fit exponents, namely the residual mean square root,
the comparison fitting index, the increment fitting index,
and the Tucker Lewis index. Results from the table indi-

Fitting index
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cate that the modified models conform to the appropriate
matching standard.

AMOS makes the following three assumptions when
analyzing the model: (1) linear relationship, (2) indepen-
dence of observation value, that is, the sample should be
randomly selected, and (3) normal distribution of the ob-
served variables. The test data of the observed variables
are shown in Table 7.

Studies, such as the one carried out by Kline (2015),
show that in the normality test data of observed variables,
if the skewness coefficient is less than 3 and the Kurtosis
coeflicient is less than 8, then the data conforms to normal
distribution. Table 7 shows that the skewness coefficient of
the 15 measured variables is less than 3, and the kurtosis
coefficient is less than 8, which indicates that the data of
the observation variables are normally distributed.

3.4. Calculation of the weights
of the investment risk index

The investment risk is regarded as a high-level factor, and
the path is redrawn as shown in Figure 4.

Suppose a variable corresponds to path N and the coef-
ficients are X;, X, ..., X, The index weight can be calcu-
lated according to Eqn (5) and the calculation results are
shown in Table 8.
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Table 7. Normality test of measurement variables

Variable . . Skewness Critical Kurtosis Critical
Minimum | Maximum . . . .
coefficient | ratio value | coefficient | ratio value

The degree of perfection of relevant laws 3.000 5.000 0.792 3.769 -0.362 -0.861
ImPl?mentatlon of incentives or mandatory 2000 5.000 0221 1.053 0,406 0.967
policies
The sustainability and stability of policy 3.000 5.000 0.644 3.068 -0.558 -1.329
Market acceptance 2.000 5.000 0.670 3.192 -0.339 -0.807
Industrial chain integrity 3.000 5.000 0.597 2.842 -0.777 -1.849
The price ratio of the same product 2.000 5.000 0.225 1.073 -0.572 -1.361
The maneuver.ablhty of design, transportation, 1.000 5.000 0.101 0.479 0361 ~0.859
and construction schemes
The integrity of the modular system of the 2.000 5.000 0.065 0.307 ~0.353 ~0.841
Ministry
Quality standard of technical personnel 3.000 5.000 0.602 2.868 -0.572 -1.362
Initial one-time cost and fund recovery period 2.000 5.000 0.497 2.365 0.586 1.394
A lack of lists and quotas 3.000 5.000 0.696 3.314 -0.503 1.198
Limitations of developer financing and 3.000 5.000 0.564 2687 0.625 1487
consumer loan channels
Project participation in communication and 3.000 5.000 0.422 2,010 0.725 -1.726
coordination among enterprises
PrgJeFt management method for prefabricated 1.000 5.000 0.558 2657 0.463 1101
building
Management staft’s experience and quality level 2.000 5.000 0.732 3.484 -0.159 -.378
Multivariate 10.171 1.825

0
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Figure 4. High-order model of investment risk evaluation for a project of prefabricated building construction
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Table 8. Investment risk evaluation system for assembled building projects (including weights)

First l eve_l of Weight Second level of evaluation index The weight (.)f the first- Comprghenswe
evaluation index grade index weight
The degree of perfection of relevant laws 0.188 0.034
Policy system 0.179 | Implementation of incentives or mandatory policies 0.366 0.066
The sustainability and stability of policy 0.446 0.080
Market acceptance 0.388 0.076
Market system 0.196 |Industrial chain integrity 0.392 0.077
The price ratio of the same product 0.220 0.043
The mane.uverablhty of design, transportation, and 0366 0.073
. construction schemes
Technical system 0200 Frpe integrity of the modular system of the Ministry 0.426 0.085
Quality standard of technical personnel 0.208 0.042
Initial one-time cost and fund recovery period 0.366 0.089
Economic system | 0.244 A lack of lists and quotas 0.308 0.075
Limitations of developer financing and consumer loan 0326 0.080
channels
Project participation in communication and
Management 0181 coordination among enterprises 0.319 0.058
system ’ Project management method for prefabricated building 0.355 0.064
Management staff’s experience and quality level 0.326 0.059
_ X% index. The overall results of the four expert ratings are
X; = . (5) .
n shown in Table 9.
X

i=1

The weight list in this survey shows that the economic
system has the most prominent impact on the investment
risk of prefabricated building projects. The varying levels
of influence, from high to low, are of economy, technol-
ogy, market, management, and policy. The highest relative
comprehensive weights are those of initial one-time cost
and fund recovery period, the integrity of the modular
system of the Ministry, the sustainability and stability of
policy, and limitations of developer financing and con-
sumer loan channels.

4. Case analysis

A real estate company plans to develop a prefabricated
building project, which involves the use of a prefabricated
concrete frame shear wall structure. The monomer pre-
fabrication rate is over 25%, the planned building area is
53,100 m?, the underground floor has two layers, the ground
floor has 15 layers, and the structure height is 46.3 m.

On the basis of market research and analysis, the en-
terprise has formulated four development plans, which
are different in design, financing, and management, and
have their own advantages. For decision-makers, reason-
able investment decisions are particularly important. To
ensure optimum implementation of the program, and to
conduct risk management activities effectively, the enter-
prise selected a specific set of risk evaluation indicators
and invited experts to score the programs. The expert
scoring system adopts the score of the ten-point system;
the higher the score, the greater is the risk value of the

Using the index of each plan and the corresponding
weight, the respective comprehensive risk score can be cal-
culated. The resulting scores are, from largest to smallest,
scheme one (5.931), scheme four (5.857), scheme three
(5.735), and scheme two (5.482). Thus, scheme three has
the lowest comprehensive investment risk.

The comprehensive risk score of scheme four is the
largest due to elements such as the sustainability and sta-
bility of the policy, the modular system of the Ministry,
the one-time cost and the period of capital recovery, and
the financing and loan channels.

Analyzing the index reveals that the stability and sus-
tainability of the policy are the main factors affecting the
policy level; market acceptance and industrial chain in-
tegrity are the main factors affecting the market level; the
operability of various technical schemes and the model
number system are the main factors of the technical level.
At the economic level, the influence of each index is great-
er. At the management level, the impact of each indicator
is similar. The weights of the three indicators, namely the
degree of perfection of the law, the price of the product,
and the standard of the technical personnel, are too low,
possibly introducing some errors.

5. Investment risk mitigation countermeasure

5.1. Investment risk mitigation for policy measures

It is necessary to modify and supplement existing laws and
regulations, apply the list and quota of prefabricated build-
ings, and speed up updates (Chang et al., 2018). On the
one hand, incentive measures can be increased by provid-
ing certain subsidies or profits for the development of pre-
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Table 9. Risk assessment for the construction of a prefabricated building project
Comprehensive B o Scheme and its score
. valuation index
weight Scheme one | Scheme two | Scheme three | Scheme four
0.034 The degree of perfection of relevant laws 8 7 6 7
0.066 Implementation of incentives or mandatory policies 6 7 4 5
0.080 The sustainability and stability of policy 5 5 7 6
0.076 Market acceptance 3 4 6 6
0.077 Industrial chain integrity 4 5 6 7
0.043 The price ratio of the same product 7 5 4 5
0.073 ;[ilrelzsltlrlzlclteigxrfleziﬁllrirtl}; Sof design, transportation, and 6 6 7 3
0.085 The integrity of the modular system of the Ministry 7 6 5 4
0.042 Quality standard of technical personnel 6 4 5 7
0.089 Initial one-time cost and fund recovery period 8 5 6 3
0.075 A lack of lists and quotas 6 7 5 7
0.080 i}ilr;lri?;i:ns of developer financing and consumer loan 4 4 - 5
BN
0.064 Project management method for prefabricated building 7 5 4
0.059 Management staff experience and quality level

fabricated construction projects. On the other hand, there
is a need for incentives for the prefabricated component
factories. The production of components achieves value
addition and results in value-added tax, and this should
take appropriate tax rate subsidies to control. Finally, in
terms of financial policy, it is necessary to provide appro-
priate preferential loan interest rates for the enterprises
that are involved with prefabricated building projects. At
the same time, consumers who buy prefabricated housing
and other projects should be encouraged to buy such poli-
cies at low down-payment and priority lending. We should
aim to strengthen the promotion of the policy as well and
expand the scope of projects that must take the form of
prefabricated building development in order to promote
industrial development.

5.2. Investment risk mitigation for market measures

When it comes to improving the cost performance of
building products, the advantages of prefabricated build-
ings, compared to traditional buildings, include not only
reduced construction times but also reduced environ-
mental pollution, and consumption of energy, water, and
other resources in later operations and management of the
buildings (Navaratnam et al., 2019). In case the develop-
ment cost cannot be effectively controlled, the building
can be further developed along the direction of green
construction, with energy conservation and environmen-
tal protection as its focus, to improve the potential cost
performance. This can help strengthen consumers’ cogni-
tion and improve market acceptance (Research and Mar-
kets, 2018).

5.3. Investment risk mitigation
for technical measures

Under the premise of reasonable control of building mod-
ulus, the unity between parts, components, and buildings
is strong. This helps realize standardized and large-scale
production systems (Pons & Wadel, 2011). The establish-
ment of modulization depends on the perfection and co-
ordination of modulization systems that need the support
of standards (Lau et al., 2019). In a sound module system,
the reuse rate of materials such as templates with the same
specification increases, which has a significant effect on
reducing costs. Achieving the integration and standardiza-
tion of components and parts can lead to an improvement
in the quality standards of products and requires close
contact between enterprises, which can avoid problems in
project implementation. Prefabricated buildings are dif-
ferent from traditional buildings because of the difficulty
of component hoisting and the high-quality requirements
of building products; this implies that an improvement in
construction technology is also necessary.

5.4. Investment risk mitigation
for economic measures

The investment payback period of construction projects is
long, while the pre-construction investment of prefabri-
cated building projects is high, and the demand for capital
is urgent. In addition to careful analysis of fund-raising
channels, reasonable arrangements should be made for the
investment of funds, which will not affect the implemen-
tation progress of the project (Couto et al.,, 2018). While
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fundraising, enterprises should choose the most appropri-
ate way to reduce the cost of financing (Navaratnam et al.,
2019; Li et al., 2014). In addition, when estimating the
development cost of the prefabricated building project, the
enterprise should fully evaluate and draw lessons from ex-
isting projects, consider interference factors, and make the
cost estimate as close to the actual cost as possible.

5.5. Investment risk mitigation
for management measures

First, there must be participation in the full coordination
between enterprises, such as the prefabrication plant and
the developer, to negotiate the production (Steinhardt
& Manley, 2016). Second, there should be some project
management methods suitable for prefabricated building
projects by improving traditional construction project
management modes (Tumminia et al., 2018). Finally, the
experience and skills of the management personnel are
important, as they should select participants stringently
manner and invest in training them (Kildsgaard et al.,
2013).

Notations

Variables and functions

X - the external derivative observation index;
Y - the internal derivative observation index;
5 - the measurement error of the independent variable;
¢ — the measurement error of the dependent variable;
& - the external deflected potential variable;
1 - the internal deflected potential variable;
Ax - the relationship between X and &;
Ay - the relationship between Y and n;
I - the influence of the independent variable on the de-
pendent variable;
B - the relationship between dependent variables;
€ - the residual term of the structural equation;
p - the number of exogenous observation variables;
q - the number of endogenous observation variables.

Abbreviations

SEM - Structural Equation Model;
MLE - Maximum Likelihood Estimation;
CITC - Correction Item Total Correction.

Conclusions

Prefabricated buildings have certain advantages over
traditional construction, such as improved construction
quality, reduced labor force requirements, and lower en-
vironmental impact. However, the prefabricated project
construction industry in China has generally witnessed
great investment risk in its early stages, and there is the
need for a systematic planning method to minimize this

risk. It is necessary to analyze the influencing factors of
this risk and assess states for prefabricated building pro-
jects to ensure that effective solutions help reduce the im-
pact led by using limited resources.

This paper investigates the influencing factors on
investment risk of prefabricated building construction
based on a series of surveys in China. Data were collected
through a questionnaire survey, and SPSS was used to test
the validity and reliability, after which preliminary evalu-
ation indexes were selected. The index evaluation system
was constructed based on the SEM, including 5 first-level
and 15 second-level factors. The SEM integrates all ma-
jor variables affecting the investment risk of prefabricated
building projects and is capable of studying the behavior
of these potential variables from an influencing perspec-
tive. These assessments cover different risk factors result-
ing from policy, markets, technical, economic, and man-
agement system risks. Research results show that the high-
est influence was that of economy, followed by technology,
market, management, and policy. This paper proposes a
method based model as an effective instrument to mea-
sure and assess the investment risk of prefabricated build-
ing projects. The principle factors make it more focused
for decision-makers when making relevant measures to
reduce the negative impact of prefabricated buildings.
The suggested solutions provide useful references for de-
cision-makers to improve the efficiency of the measures.
Compared to other studies, the advantage of the proposed
analysis in simplifying and integrating the SEM-based in-
vestment risk assessment data is evident. The evaluation
and analysis of the prefabricated building investment risk
during the construction processes can provide not only
a theoretical reference to control risk management, but
also practical significance for risk reduction policies and
regulations for governments and enterprises.

Although the objectives of this study were achieved,
some limitations exist. First, this study collected the opin-
ions of the respondents, which were based on their experi-
ences and were therefore subjective. Second, the findings
from this study are applicable to the context of China ex-
clusively, and may not be applicable in other countries.
Nonetheless, the findings from this study are valuable, as
they offer initial investigation into influencing factors in
this construction segment. The data applied for the analy-
sis was obtained from the prefabricated building projects
in China, but the research is also valuable for conduct-
ing similar studies on risks to investment in projects in
other regions. Furthermore, the findings from this study
can benefit the industry decision-makers by providing
industry practitioners with investment risk control meth-
ods for prefabricated building construction, ultimately
helping them achieve better efficiency of the measures
in the future. For further research, investment risk from
prefabricated building construction in other areas should
be considered, as well as the establishment of an accurate
risk evaluation method for prefabricated building projects.
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