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Abstract. In order to explore the potential factors affecting the performance of
prefabricated building in the construction stage, this paper studies from five as-
pects: society, economy, environment, management and organization, through
consulting a large number of literature to determine the secondary indicators, in
order to establish the index system. A questionnaire survey was used to collect
the relevant data of each index, and an SEM model was established to obtain the
correlation path coefficient, and the influence level of each index on the perfor-
mance of prefabricated building in the construction stage is analyzed. The re-
search has shown that the management benefits have the greatest impact, fol-
lowed by environmental, organizational, social, and economic. The key to im-
prove performance is to establish a sound management system and do a good job
in coordination among all parties.

Keywords: Prefabricated building, Performance in construction stage, SEM
structural equation model.

1 INTRODUCTION

The process of urbanization has led to the demolition or reconstruction of numerous
buildings, The process of urbanization has led to the demolition or reconstruction of
numerous buildings, resulting in a continuous surge in construction waste and resource
depletion. The traditional building form is cast in situ concrete, which has a long con-
struction period, many personnel. In the construction process, a large amount of con-
struction waste will be generated, which greatly affects the local living environment. In
order to solve the problem of sustainable development of the construction industry, the
General Office of the State Council and the Ministry of Housing have successively
issued the “Guiding Opinions on vigorously developing prefabricated buildings”, the
“’Thirteen-five’ prefabricated building action plan” for prefabricated building and other
relevant documents, and vigorously develop prefabricated buildings with low-carbon,
environmental protection and energy saving advantages.

The development of prefabricated building in China started late, and information
asymmetry is easy to appear in the construction process, and energy saving and emis-
sion reduction measures are not in place, which seriously affects the construction cost
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and deviates from the original intention of sustainable development of prefabricated
building". So the use of reasonable performance evaluation is imminent.

Engineering project evaluation is to use scientific evaluation methods to evaluate a
certain stage or the whole process of an engineering project. Wooyong J*?! has helped
Korean contractors resolve performance disparities in contract type and project profit-
ability through performance evaluation research. Luo LI and Zeinab A™ conducted a
research on the performance evaluation of construction projects, respectively using
structural equation model (SEM) and literature review method, and finally concluded
that the key to improve performance lies in government supervision and coordination
of all parties. Zhang Y™ and Qu F ¥ set up the performance evaluation system for the
supply chain of prefabricated construction projects, analyzed the examples and put for-
ward the corresponding suggestions. Hu Q and Wang Z ! carried out dynamic perfor-
mance evaluation on the construction phase of construction projects with agent con-
struction mode, and build a dynamic performance evaluation model with set pair anal-
ysis and Markov chain coupling.

As can be seen from the above literature studies, although there are many achieve-
ments in the performance evaluation of engineering projects, there are few studies on
the construction stage. In addition, the influencing factors selected by various scholars
are quite different. In this paper, starting from the basic three indicators of sustainable
development (social, economic and environmental), and then summarizing the indica-
tors of numerous literatures, the two indicators of management and organization are
finally selected, which are more in line with the characteristics of numerous and com-
plex personnel and equipment in the construction stage and difficult management. In
this paper, the prefabricated building construction stage is taken as the research object,
and the performance level factors in this stage are studied by using literature retrieval
method and questionnaire survey method. The performance evaluation system is estab-
lished by SEM analysis method, and the performance evaluation model is established
by AMOS software. Finally, the corresponding solutions are proposed.

2 ESTABLISHMENT OF PERFORMANCE
EVALUATION SYSTEM OF PREFABRICATED
BUILDING IN CONSTRUCTION STAGE

2.1 Index Retrieval

Through searching and reading relevant literature, the research on the performance of
prefabricated building in construction stage can be divided into three aspects from the
perspective of sustainable development performance, namely, social benefit, economic
benefit and environmental benefit. Qin Y pointed out that for prefabricated building,
these three benefits run through the beginning and end of the construction project, and
have a greater impact on the benefit level of prefabricated building. Chang Y ! found
in the study of of prefabricated building that environmental benefits and economic ben-
efits have obvious effects on the performance of prefabricated building.
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But now, to consider the performance of the whole construction stage of the prefab-
ricated building, it can not only consider these three indexes; Around the prefabricated
building performance evaluation, the common grade I indexes indicators are manage-
ment, organization and so on. Zhou Y "% and Ji Y "' considered the influence of man-
agement benefit in his research on the performance evaluation of prefabricated build-
ing. Chang Y! pointed out that organizational benefits will also have an impact on the
performance of prefabricated building, which should attract our attention.

For these five grade I indexes, many scholars have different grade II indexes, but
most of them include: customer satisfaction, degree of civilization, natural environ-
ment, etc. Because the prefabricated building is more special and needs to transport
prefabricated components, the transportation cost is greatly increased and has to be
considered, and the prefabricated components need to be lifted on site, so the working
environment of the lifting equipment is also particularly important.

2.2 Determination of Index System

After reading a lot of literature, this paper summarizes the performance evaluation in-
dicators of prefabricated building in the construction stage from the perspective of sus-
tainable development and combined with the research focus of prefabricated building
performance evaluation, as shown in Table 1. After screening, this paper will evaluate
the performance of prefabricated building in the construction stage from five aspects.
In addition to the three indicators of society, economy and environment, two indicators
of management and organization will be added, and the performance level of prefabri-
cated building in construction stage will be considered more comprehensively. Each
grade | indexes contains multiple grade II indexes. Each grade II indexes is numbered
with the first letter of the two Chinese names of the f grade I indexes, for example, the
social acceptance is SH1.

Table 1. Summary of performance evaluation index of prefabricated building in construction

stage
grade I indexes grade II indexes serial number
Social acceptance SH1
Service customer satisfaction SH2
social benefit Staff satisfaction SH3
Construction civilization SH4
Engineering accident rate SH5
Construction personnel cost m
Mechanical equipment use and maintenance 112
economic benefit  transportation cost 113
Production cost of prefabricated components 114
operational and maintenance cost JI5
. Living conditions for staff HJ1
environmental ben- o .
Natural climatic environment HJ2

efit .
Construction waste control HJ3
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Hoisting equipment construction environment HJ4

Storage yard placement of components HJ5

Degree of information management GL1

Construction site management system GL2
management bene- L .

Mechanization degree of construction site GL3
fit . . .

Construction personnel skills training GL4

Building materials management GLS5

Good supplier relationship 771
Organizational Strategic Fauy.-in by stakeh(‘)lde‘rs 772

Communication and coordination 773
benefit . .

Information sharing degree 774

Coordination and scheduling of machinery 775

2.3  The Establishment of Hypothetical Models

SEM (Structural Equation Model) includes two statistical techniques, factor analysis
and path analysis, which can explore the relationship between multiple variables at the
same time. The most important point is that it can accept the error of variable measure-
ment and estimate the overall fit degree of the model. Path analysis consists of meas-
urement model and structure model. The calculation formula of the measurement model
is as follows:

X=A%5+9 )
Y=An+e 2)

Equation (1) defines the relationship between the explicit observed variable X and
the implicit observed variable &; Equation (2) defines the relationship between the ex-
plicit tlatent variable Y and the implicit latent variable 7. § is the residual of the domi-
nant observed variable X; 7 is the residual of the dominant latent variable Y; A, is the
regression coefficient of §; A, is the regression coefficient of 7.

The mathematical expression of the structure model is as follows.

n=Bn+I{+¢ (€))

Equation (3) represents the relationship between the implicit observed variable &
and the implicit latent variable . B is the coefficient matrix between implicit latent
variables; I is the coefficient matrix composed of implicit observed variables and im-
plicit latent variables; ¢ is the residual of the structural equation.

According to the research content of this paper, an SEM hypothesis model is estab-
lished, as shown in Fig 1. Five grade I indexes constitute latent variables, and 25 grade
IT indexes constitute measurement observation variables of latent variables. The num-
bers of observation variables are shown in Table 1.
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Fig. 1. Model assumptions for performance evaluation
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3 RELIABILITY AND VALIDITY ANALYSIS

3.1 Questionnaire Survey

The utilization of SEM methodology for analysis necessitates a substantial quantity of
samples, In general, if one desires to achieve consistent results in SEM analysis, it is
recommended that the number of tested samples exceed 20002,

This paper adopts the form of questionnaire survey to collect data, and a total of 319
valid data were recovered. The questionnaire survey is designed by Likert 5-level scale
method. The questionnaire is distributed online and distributed to the construction in-
dustry or prefabricated construction-related employees. About 55% of the respondents
are construction workers, 28% are designers, and 16% are managers and project lead-
ers, and more than half of them are between 30 and 40 years old.

3.2 Reliability Analysis

Reliability analysis is a way to measure the reliability of data. Cronbach's Alpha is
usually used to test the reliability of Likert scales, the test formula is as follows. In this
paper, SPSS26.0 software is used to test the questionnaire data, as shown in Table 2.

a =(1—-20?/0®)K/(K + 1) “4)

In equation (4), K represents the number of relevant items in the questionnaire,
o/ c?is the result variance of the i th item and the result variance of all items re-
spectively.

Table 2. Cronbach's Alpha coefficient test analysis

grade I indexes Number of observed variables Alpha coefficient
social benefit 5 0.884
economic benefit 5 0.919
environmental benefit 5 0.902
management benefit 5 0.886
Organizational benefit 5 0.892
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The Cronbach's a coefficients of the five latent variables studied in this paper are all
above 0.8, which indicates that the questionnaire has good reliability and reliability,
and can be used for structural equation fitting test.

3.3  Validity Analysis

Validity analysis refers to the agreement between the measured results and the expected
results. This paper analyzes the structure validity of the recovered data through KMO
value and Bartlett sphere test, and the analysis results are shown in Table 3. Through
SPSS26.0 software analysis, the overall KMO value of the scale was 0.949, and the p
value of Bartlett sphere test was less than 0.001, indicating a high correlation and good
validity of the data as a whole.

Table 3. KMO test and Bartlett sphere test were analyzed

variable KMO test and Bartlett sphere test Alpha coefficient
KMO test KMO value 0.949
Approximate chi-
totality Bartlett sphere square 3343337
test df 300
p value 0.000

4 SEM MODEL ESTABLISHMENT AND
MODIFICATION

In this paper, Amos26.0 software is used to establish an evaluation model, and the over-
all fitting degree of the model is evaluated.

The overall fitting test results of the first-order model are in an acceptable poor fit-
ting state, and the model needs further modification. The model was modified accord-
ing to the software's suggestions on the model operation results in the analysis process.
All five latent variables (grade I indexes) were retained, while the number of observed
variables (grade II indexes) was reduced to 22, and the observation variables removed
were SH1, GL3 and ZZ5.

Performance in the
construction phase of
prefabricated buildings
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Fig. 2. Revised assumptions for performance evaluation model
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The modified model is a second-order model. The Chi-square degree of freedom
ratio of the second-order model is 1.791, indicating that the modified second-order
model has a good fit, which is improved compared with the first-order model. The fittest
results of the second-order model are shown in Table 4.

Table 4. Second-order model fit test

category Statistical test Before modification Statistical test
df 2.185>2 1.791<<2, well-fit
absolute fit index ~ GFI 0.865>0.80 0.902>0.80, accept
AGFI 0.838>0.80 0.876>0.80, accept
RMSEA 0.064<<0.80 0.053, well-fit
NFI 0.897>0.80 0.930>0.80, well-fit
relative fit index IF1 0.941>0.80 0.968>0.80, well-fit
TLI( NNFT) 0.934>0.80 0.963>0.80, well-fit
CFI 0.941>0.80 0.968>0.80, well-fit
reduced fit index PGFI 0.718>0.50 0.716>0.50, well-fit
PNFI 0.807>0.50 0.809>0.50, well-fit

After this revision, the final model is obtained, which consists of 5 latent variables
and 22 measurement observation variables. See Fig 3 for the structure diagram of the
standardized path coefficient of the SEM model.
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Fig. 3. Standardized path coefficient of the modified second-order SEM model
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5 EXPLANATORY MODELS

The modified model has 5 latent variables and 22 observed variables, and the fit is good.
Through the model analysis of the relationship between each latent variable and ob-
served variable in the construction process of prefabricated building, the influence of
each index on the performance level of prefabricated buildings in the construction stage
is calculated, and relevant suggestions are proposed for the construction stage accord-
ing to the calculation results.

According to Fig 2, among the five potential variables affecting the performance of
prefabricated building in construction stage, management benefit has the strongest ex-
planatory power, and the standardized path coefficient is 0.89. The path coefficient of
economic benefit standardization is the lowest(0.78). According to the standardized
path coefficient, the five potential variables were environmental benefit (0.82), organi-
zational benefit (0.80), social benefit (0.79) and economic benefit (0.78).

For management benefit, the results show that the construction site management sys-
tem has the greatest impact on the management performance of prefabricated building
in the construction stage. We should establish and improve the management system of
prefabricated buildings, clarify the management responsibilities and processes,
strengthen the implementation, and ensure the effective implementation of quality con-
trol, schedule control, cost control and other aspects in the construction process. In ad-
dition, the information management level of the construction site should be improved,
this contributes to better management and decision-making.

The most influential environmental benefit is the natural climate environment (0.89),
because the natural climate condition directly determines the construction time of the
project. The second is the hoisting equipment construction environment, prefabricated
buildings have higher requirements for hoisting equipment, so a good hoisting equip-
ment construction environment is the key to improve efficiency. The standardization
path coefficients of the other three indicators have a small difference, but the influence
cannot be ignored, and it is also necessary to optimize them.

The most influential indicator of organizational effectiveness is communication and
coordination among partner members (0.89), followed by good supplier relations
(0.86), Timely communication with partners is the key to improve organizational effi-
ciency. Good information exchange will maximize the interests of all parties, and or-
ganizational efficiency will also be improved. While pursuing economic benefits, we
also need to fully consider the realization of social benefits. The most influential social
benefit is customer satisfaction, which indicates that the high satisfaction of the direct
service object of the project is helpful to the promotion and benefit of the project. The
production cost of prefabricated component is the most influential economic benefit.
Prefabricated buildings require a large number of prefabricated components to be pro-
duced in the factory in advance, which will raise a lot of costs, and increase a lot of
transportation costs.
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CONCLUSION

This paper takes the performance evaluation of prefabricated buildings in the construc-
tion stage as the research object, and finally establishes a comprehensive evaluation
system based on 5 primary indicators and 22 secondary indicators. After studying, we
can know that t he performance of prefabricated buildings in the construction stage is
affected by many factors. By comprehensively considering social, economic, environ-
mental, management and organizational factors, and taking effective measures to im-
prove and optimize them, the performance level of prefabricated buildings in the con-
struction stage can be significantly improved and the sustainable and healthy develop-
ment of its industry can be promoted.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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