
sustainability

Article

Integrated Framework of Growth Management for
Identification of Service Innovation Levels
and Priorities

Jingxiao Zhang 1,*, Haiyan Xie 2, Hui Li 3,*, Rose Timothy 4, Si Pu 1, Quanxue Deng 3 and
Weixing Jin 3

1 School of Economics and Management, Chang’an University, Middle section of the South Second Ring Road,
Xi’an 710064, China; pusi126@126.com

2 Department of Technology, College of Applied Science and Technology, Illinois State University, Turner 5100,
Normal, IL 61790, USA; hxie@ilstu.edu

3 School of Civil Engineering, Chang’an University, No. 161, Chang’an Road, Xi’an 710061, China;
dqxue@outlook.com (Q.D.); jinweixing1993@126.com (W.J.)

4 School of Civil Engineering and Built Environment, Queensland University of Technology, Brisbane,
QLD 4001, Australia; tm.rose@qut.edu.au

* Correspondence: zhangjingxiao@chd.edu.cn (J.Z.); lihui9922@126.com (H.L.); Tel.: +86-159-2973-9877 (J.Z.);
+86-159-9138-5822 (H.L.)

Received: 15 August 2018; Accepted: 11 September 2018; Published: 17 September 2018
����������
�������

Abstract: Growth management depends on an accurate understanding of an organizations’ current
situation within the market in which it operates. Literature indicates that there is still inefficiency
in quantitatively diagnosing the driving factors of service innovation and growth management.
The purpose of this research is to identify the levels and priorities of sustainable growth management
strategies with detailed measurements for industrial service innovation. The research focuses on
the construction industry as the case context to scrutinize and compare various indexes and policy
platforms for the evaluation of service innovation and the development of a diagnostic framework.
The paper further identified the developmental obstacles of service innovation from 585 survey
responses from construction enterprise representatives from Shanghai, Beijing and Xi’an in China,
using average score method and entropy weight method. The data analysis identified the service
innovation level and development priorities for the enterprises can assist in determining sustainable
service innovation paths. The research then combined the competitive advantage characteristics
method using a cluster analysis to develop a growth management framework of service innovation
in the construction industry. The research results indicated that the majority of analyzed enterprises
were in the second phase of their development, with clear policy opportunities for increasing levels
of service innovation. However, the results also indicate the majority of sample enterprises were
not encouraging the efforts of employees to strive for innovation and were lacking appropriate
investment funding towards service-related innovation. These two weaker aspects offer a starting
point for firm-level managers to consider when aiming to improving service innovation. The paper
contributes by advancing the quantitative evaluation of growth management policies for service
innovation. Furthermore, it provides possible measures for improving service innovation with
particular emphasis on service innovation in project-based construction enterprises. Finally, it offers
a practical diagnostic tool to improve industry level growth via increased service innovation.
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1. Introduction

Service innovation is an important business strategy for many enterprises. An increasing
amount of attention has been paid to the development of innovation strategies, especially in
traditional industries such as construction industries, with the intention to understand how enterprises
initiate growth directions and sustain growth management through innovation [1–4]. In particular,
innovation is considered essential for organizations to grow within the construction industry [5],
where organizational growth occurs within an environment that is unique, dynamic and continuously
evolving. There are also significant challenges that impact on the growth of a construction organization.
These include a disjointed and fragmented production system, which is based on temporary projects,
resulting in knowledge development and transfer discontinuities impacting on a construction
organizations ability to tap into innovation knowledge [6].

The key of the growth and development of such enterprises should be service innovation,
which is richer in content than monotonous technology innovation [7–11]. Enterprises and industries
have introduced a variety of driving policies for service innovation. In consideration of labor
productivity and contributions of science and technology, many driving organization policies do
not reflect this emphasis on service innovation [11–14]. At present, there are significant amount of
qualitative techniques driving service innovation policy [15]. However, there are limited techniques
available to diagnose levels and priorities for service innovation using quantitative methods [16,17].
Quantitative approaches are able to support the needs of industry growth management and help
organizations to stimulate their service innovation effectively [18]. From a practitioner or managerial
perspective, there is an urgent need to investigate how to identify the countermeasures to further
improve the competitive advantages of enterprises.

More recently, there has been increasing importance placed on service-dominant innovation and
the focus on value co-creation within networked systems of increasing complexity. This has given
rise to the meta-theoretical framework of Service-Dominant Logic (SDL) [19]. Simply, SDL positions
services as central to all innovation processes and emphasizes individual value co-creation through
service-for-service exchange. More recent SDL work has also highlighted the importance of governing
institutions and their related systems as a coordination mechanism for service-for-service exchange [20].
As the understanding of service innovation has been traditionally based on interpretation through
the lens of product innovation theory, SDL is argued to offer insight for innovation development in
service-intensive industries [21].

As a key contribution of this paper, the research focuses on service innovation with particular
emphasis on the project-based construction enterprises. Such project-based construction enterprises
are argued to operate within a service-dominated industry. This service-dominant view suits the
complexity of construction industry where production is project-based, service-intensive, with project
outcomes delivered by multiple organizations.

There remains much debate in the innovation literature as to whether the construction industry
is providing a product or a service. The commonly agreed view is that construction contractors,
who are directly responsible for the management and delivery of construction projects, are the service
providers, while the suppliers of equipment and materials provide the construction products [22].

As much of the existing innovation theory at enterprise-level has tended to focus on innovation
in the context of manufacturing, learnings from this context are not readily transferable to
service-dominated industries [21]. This research takes the perspective that such theory does not
account for the complexities and unique innovation development challenges and opportunities in the
construction industry context. The innovation challenges are further compounded by the fragmented
nature of individual construction projects, the uniqueness in the specificity of project delivery and
the complexity of the supply chain [23]. Thus, the research focuses on project-based construction
organizations to test the refined framework, as construction organizations are uniquely positioned to
capture the benefits of service innovation.
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To address the gap in the literature on how practitioners can identify the countermeasures to
further improve their competitive advantage, this research puts forward an integrated framework to
identify the levels and priorities of growth management for service innovation in the construction
industry. The broad research aim driving the study was to identify the development level of
the service innovation in the construction industry and evaluate the appropriate policies for the
promotion of service innovation. To address this aim, the authors first reviewed the nine most
widely used innovation theories and chose the Innovation Policy Platform (IPP) proposed by World
Bank Group and OECD [24] to synthesize eight key innovation evaluation systems. This integration
allowed for the development of the new integrated framework and the corresponding index to
investigate in the context of the construction industry. Furthermore, the authors adopted an enterprise
Growth Management Model (GMM) using average-score and entropy-weight method for comparative
analysis of development levels of industrial service innovation. Thirdly, based on the indexes of IPP,
the authors used a competitive advantage identification method conforming to natural rule (a.k.a.
the nature picks the victor from competition) to analyze the priorities of development levels [25–28].
As a result, the authors put forward pertinent improvement strategies for the industrial service
innovation to promote growth management and confirmed the proposed framework could diagnose
the development level of service innovation accurately via empirical analysis. The research takes a lead
in studying the development and transformation of service innovation in the construction industry.
It also provides a contribution in the consideration of service innovation and policy diagnostics in
other industries of similar nature (e.g., other project-based industries).

A primary contribution of this paper is to incorporate the GMM, advantage-competitive thinking,
into IPP to form an integrated framework of industrial service innovation. Growth can be achieved
by the analysis of current situations, comparing differences between actual and benchmark levels,
and accurate organization positioning. This motivates the research to pursue a deeper understanding
of the identification mechanism for competitive advantage via service innovation. In addition,
the research uncovers how service innovation was initiated, affected or strengthened by competitive
advantage across different organizational development levels and priorities. Previous research has
explored innovation using case studies of individual enterprises from a qualitative perspective [8,29,30].
Instead, this paper concentrates on a framework using quantitative methods to propose a diagnosis
system of service innovation to analysis industrial growth management.

This paper is divided into the following four parts. First, a review of related literature is presented
on service innovation, GMM, and competitive advantage analysis. Secondly, our methodology section
outlines the average-score method, entropy method and competitive advantage analysis. Thirdly,
the analysis of data is presented involving 585 valid survey responses from construction organization
representatives to verify the research method and develop strategy to promote service innovation in
the construction industry. Finally, key conclusions of the research are presented.

2. Literature Review

2.1. Index Analysis and Service Innovation Policies

Service innovation involves the development and design of products and services, production,
operation, and sales [31]. The workflow, transfer mode, and operation system of services need to be
developed to improve and enhance customer loyalty and create greater service value [31]. The form
and mode of service innovation indicate that service innovation has the following characteristics:
(1) service innovation can be regarded as the implementation of creative and ongoing activities by
an organization [32], (2) service innovation and technology innovation are unified [18], (3) service
is the application field of technological innovation, which must be customer oriented [18] and
(4) service innovation must be integrated into technology innovation [18,33]. In other words,
technology innovation can provide means and methods for the implementation of service innovation.
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There are many indices available in the evaluation of organizational and industry innovation.
Nine of the most widely used international innovation evaluation systems (and related indices) were
selected based on their evaluation of innovation performance. As a starting point for this research,
a comparison of the similarities and differences of these systems was conducted and through this
comparison, identified seven common service innovation indicators derived from the Innovation
Policy Platform (IPP) proposed by World Bank Group and OECD [24]. IPP is an Internet-based and
interactive platform to provide users with knowledge, learning resources, design, implementation and
evaluation of innovative policies. The platform assists users to measure and implement innovation
systems, in addition to promotion of knowledge exchange and cooperation across countries and
regions. Table 1 presents the Innovation Policy Platform (IPP) indicators used in this study.

Table 1. Innovation Policy Platform (IPP) Indicators.

ID Service Innovation Indicators

M1 Firms’ market environment for innovation
M2 Firms’ access to labor for innovation
M3 Firms’ capabilities and assets for innovation
M4 Firms’ access to knowledge for innovation
M5 Firms’ access to finance for innovation
M6 Regulatory framework for innovation in firms
M7 Policy intervention on innovation in firms

Furthermore, Table 2 provides the comparison and summation across the nine selected
international innovation evaluation systems. This highlights how the IPP platform indices are aligned
with each system to validate the selected indicators for the research under study. These indicators were
then used as the theoretical foundation to analyze growth management of industry service innovation
in the following section.

As shown in Table 2, the IPP index was selected for the current research as it was deemed to
cover the key indicators in comparison to other defined innovation evaluation systems. Thus, it is
argued to be able to evaluate the innovation approaches of industries from multiple perspectives
comprehensively. As a result of this review, IPP was selected as the evaluation system in this research
and was adjusted to adapt to the specific methodology of GMM. Table 3 presents the outcome from
a review of related literature, summarizes the indicators of service innovation according to IPP and
provides a list of related literature that supports each indicator.
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Table 2. List of Innovation Evaluation Systems.

Innovation
Evaluation

System

Publication
Country or Org. Year Main Evaluation Indicators Indicator

Related to IPP Source

NICI Porter and Stem 1999
Public innovation infrastructure, innovation
environment of specific enterprise groups, quality of
connection, other evaluation items

M2, M3, M1,
M4 National Innovative Capability Index(NICI) [34]

NEI The U.S. 1999 Knowledge Jobs, Globalization, Economic Dynamism,
The Digital Economy, Innovation Capacity M4, M1, M3 State New Economy Index (NEI) [35]

EIS EU 2000
Innovation driving, knowledge creation, enterprise
innovation, technology application, intellectual
property rights

M4, M3, M1,
M5, M7, M6 European Innovation Scoreboard (EIS) [36,37]

BNCI UK 2000 Enterprise environment, resources, innovation
process, achievement

M1, M2, M3,
M7 UK National Competitiveness Index(BNCI) [36]

STI OECD 2002

Impact of knowledge of economic development;
Impact of knowledge of economic globalization and
internationalization of science and technology; and
Impact of knowledge of economic growth and
international competitiveness

M1, M3, M2,
M4, M5

The Science and Technology Industry (STI)
scoreboard sheet of Organization for Economic
Cooperation and Development(OECD) [36]

ICI World Economic
Forum (WEF) 2003

Institutional environment, human capital and social
participation, regulatory and legal framework, R&D
situation, the application of information
communication technology

M7, M1, M2,
M6, M3, M4 Innovation Capacity Index (ICI) [38,39]

KSI APEC 2003

Enterprise environment, information and
communication technology (ICT) infrastructure
construction, human resources development,
innovation system

M1, M4, M3,
M2

Knowledge Economy State Index (KSI) of
Asia-Pacific Economic Cooperation (APEC) [40]

EISSIC MSTC 2013

Environment of scientific and technological
progresses, input of science and technology activities,
output of scientific and technological activities,
industrialization of high and new technologies,
economic development

M1, M2, M3,
M4

Evaluation Index System of Science and
Technology in China(EISSIC)by Ministry of
Science and Technology of the People’s Republic
of China (MSTC) [41]

CII DSS-NBS 2014 Innovation environment, innovation input,
innovation output and innovation performance M1, M3, M4

Chinese Innovation Index (CII)by Department of
Social Science of National Bureau of Statistics
(DSS-NBS) [41]
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Table 3. Service Innovation Indicators for the Construction Industry (adapted from IPP).

1st Level 2nd Level Indicators 3rd Level Items Related Literature

Service innovation indicators for
construction industry

M1

1.1 Industrial specialization [42,43]
1.2 Technological trajectories [44]

1.3 Access to foreign and domestic markets [40,45]
1.4 Public procurement for innovation [46,47]

1.5 State of competition [48]
1.6 Markets for technology [49]

M2
2.1 Skilled labor [50,51]

2.2 Migration [52]
2.3 Costs of hiring and firing [53,54]

M3

3.1 R&D and other investments in innovation [55,56]
3.2 Engineering & design capabilities [57]

3.3 Prototyping and industrial scale-up [58,59]
3.4 Production capabilities [60]

3.5 Commercialization capabilities [61]
3.6 Absorptive capacities [55,56]

3.7 Organizational learning capabilities of firms [62]
3.8 Innovation management in firms [55,56]

M4

4.1 Supply chains [63]
4.2 ICT access [64]

4.3 Open innovation [63,65]
4.4 Interface with universities and public research institutes [66]

4.5 Technological co-operation between firms [63,67]
4.6 Acquisition of machinery [64]

4.7 Consumers [63,68]

M5

5.1 Retained earnings and profits [69,70]
5.2 Debt financing [71]

5.3 Stock market financing [72]
5.4 Other types of finance [73,74]

M6

6.1 Intellectual property rights and innovation in firms [75]
6.2 Product market regulation [76–79]
6.3 Standards and certification [80,81]

6.4 Contract enforcement [82]
6.5 Environmental and safety regulations [83]

M7

7.1 Direct funding of firms’ R&D [84–88]
7.2 Fiscal measures [84,85]

7.3 Debt and risk sharing schemes [86–88]
7.4 Technology extension services [89,90]

7.5 Innovation procurement schemes [91,92]
7.6 Cluster policies [86–88,93]

7.7 Grants for collaborative R&D [94]
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2.2. Growth Management Model (GMM)

Currently, there are challenges in the adoption of technological innovation in the construction
industry [59,95,96]. With the urgent need for industry transformation, service innovation plays
a crucial role. GMM uses data analysis tools such as the average score method and entropy
weighted sum method to diagnose a system (via indicators) and determine the driving factors [97].
This study investigates the evaluation index system for service innovation in the construction industry
and implements GMM to measure all the third level indexes in this evaluation system as shown
in Table 3. The calculated result from the growth management modeling identifies the driving
factors with accurate quantitative values. In this research, GMM is used to determine the level of
industry service innovation for the construction industry (to be calculated by the scoring of 3rd level
items). Furthermore, Competitive Advantage Analysis (CAA) is used to identify the major potential
influencing factors across the 2nd level indicators and the 3rd level items within the IPP framework.
This is the first time these models have been applied in combination to investigate service innovation
growth levels and priorities in a construction industry context.

2.3. Competitive Advantage Analysis for Development Levels

Enterprises can improve their competitive advantages through service innovations by recognizing
their current growth levels and focusing on the priorities. Zhao (2006) put forward the ideology
of competitive priorities and show the individual advantages in organizations [25,98]. In this
research, competitive advantage analysis was based on the objective recognition of the advantageous
characteristics from the perspective of the individual being evaluated. Thus, it uses the evaluation
of a representative individual agent to express the evaluation of a group or organization. This is a
democratic, agent-evaluation and pattern-analysis method, with the characteristics of objectivity,
scientific nature, and easiness of acceptance [99]. The analysis facilitated the understanding of
competitive advantage, and thus, the characteristics of the distribution across the group levels from
surveyed opinions. Recent applications of the competitive advantage analysis method (from 2010) are
shown in Table 4.

Table 4. Applications of Competitive Advantage Analysis method.

Year Author Applications Research Method

2010 Zhao et al. [26]

Analysis of the competitive
advantages of general
managers of state-owned
enterprises

According to the system for hierarchical description, the
evaluation model of ideal solutions and cluster analysis
method, the opinions of the research group were analyzed
and extracted. The group-identification method was
constructed for the characteristics and the level of
competitive advantages.

2010 Zhao et al. [27]

Evaluation of the
competence and
performance of general
managers of large
state-owned enterprises, and
the competency recognition
of technical personnel in
Nonferrous Metallurgy
Design Institute

Using the characteristics of competitive advantages as the
breakthrough point, the paper built a group identification
method of competitive advantages based on the
recognition of quantitative behavioral characteristics. The
study built the personnel classification method based on
competitive characteristics and the position selection
method based on competitive characteristics.
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Table 4. Cont.

Year Author Applications Research Method

2011 Cui [28]
Performance evaluation of
Electric power industry
listed company

Constructs the most pessimistic econometric model of the
enterprise growth. Obtained the weight structure of
competitive advantage and growth potential. Mined the
behaviors of the main body on the growth potential of
competitive advantages. Provided support for the
development of enterprises with improved directions and
specific decision-making basis. At the same time, the
introduction of the indicators of optimism and pessimism
helped to achieve the effective comparison of different
corporate growths.

2012 Zhao and Zhu [100] Performance evaluation of
industry

Based on the qualitative and quantitative methods, built a
set of characteristic analysis systems to study the market
competitiveness of

2014 Zhao et al. [101]

The method was used to the
regional innovation
capability evaluation of 31
provinces of China.

By analyzing the existing evaluation methodsused to
evaluate the regional innovation capability, the paper
adopts a new democratic evaluation method based on the
analysis of individual advantage characteristic.

As presented in Table 4, the application areas of competitive analysis method are based on the
characteristic model of individual advantages and group identification, which can be widely used
for human-behavior identification for strengths and weaknesses. Additionally, the identification of
enterprise performances and competitiveness for strengths and weaknesses can be used. Competitive
advantage analysis method has the following advantages: (1) the main implementation process is
objectively analyzed by a computer program, (2) the implementation process of the method; the view
of each respondent is refined by the computer program to obtain the value structure. The views
are expressed in quantitative form, which both embody the respect of every evaluation, and are
more intuitive and easy to be understood. (3) The results are based on the respondent opinions of
competitive advantage and thus, allows for the detailed data mining and information analysis from
the most conducive perspective to reveal advantages of the phenomena under evaluation. Competitive
advantage analysis reflects the competitive advantages of the target respondents and the analysis
results are easy to be recognized by recipients [26,100–102].

3. Methodology

3.1. Level of Analysis

The proposed framework focuses on the current level and priorities of the industry development
to determine whether there is opportunity to grow, which in turn will define the priorities areas to
develop. Figure 1 presents the proposed framework. Using average score method (see Section 3.2)
and entropy weight method (in Section 3.3), this framework first identifies the developmental level of
service innovation in an enterprise or an industry. Based on the identification method of competitive
advantages (see Section 3.4), this framework analyzed the strengths and weaknesses of business service
innovation in the context of the construction industry. The framework then targeted the priorities to
propose promotion strategies to facilitate improved business performance. Furthermore, the Response
step of Figure 1 will clearly connect the analysis in Section 4 with the service innovation levels.
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Figure 1. Research framework and steps.

This study first developed a questionnaire survey using the indices presented in Table 3, to collect
the scoring data from the construction industry for the policies pertaining to service innovation. Then,
the study used the average score method and entropy weight method to quantitatively measure the
overall performance level of the policies. After determining the overall level, the research focused on
identifying the specific areas for improvement. The combination of CAA and cluster analysis was used
to analyze the specific indicators of the Growth Management Framework (GMF) of industrial service
innovation. Cluster analysis is a key component of the CAA method and allows for the grouping
of the majority response to identify potential influencing factors. Cluster analysis was conducted to
appropriate enterprise groupings (based on their representative responses) according to their particular
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level of development. The defined development levels were clustered according to four levels of
construction organization maturity namely: ad hoc, defined, managed and controlled.

These levels were based on specific construction maturity categories defined by the Construction
Supply Chain Maturity Model (CSCMM) [103]. This model represents four levels of construction
organization maturity and defines organization growth levels in this research. This model was
developed to enable construction organizations to assess construction organization’s maturity and
improve the level of efficiency in relation to their construction supply chain. It assesses maturity across
the four levels, along three dimensions (functional, project and firm) and according to four categories of
assessment (process, technology, strategy and value) and has been adapted to define the construction
enterprise development levels and related service innovation indicators. Specifically, for each index,
the paper suggested a specific development level based on its value. In the data analysis, the research
used a Likert five-level scale for the survey questionnaire options to assign points, as shown in Table 5.

Table 5. Option Assignment Table.

Option A. Strongly
Disagree

B. Somewhat
Disagree C. Neutral D. Somewhat

Agree
E. Strongly

Agree

Points
Assigned 1 2 3 4 5

Level I II III IV

Scope n × [1, 2) n × [2, 3) n × [3, 4) n × [4, 5]

Development Ad-hoc Defined Managed Controlled

To realize the level and priorities of growth management for identification of service innovation,
the research used an integrated generation step. The specific calculation could be identified as follows:
(1) the research used the Average Score Method to analyze the development level. Suppose that there
was K = 5 (where A = 1 represents strong disagreement to E = 5 represents strong agreement) scaling
of each indicator in each unit, then, there were 4 (K = 5) levels to be graded for the sample. The scope
of each level is shown in Table 5. (2) Furthermore, the following provides detail on the entropy
weight method used to analyze the development level. In this research, the authors processed m
questionnaires with entropy weight method [104–106]. (3) Following the analysis of the development
level, the authors combined the competitive advantage analysis (CAA) and cluster analysis method to
identify the characteristics of the m questionnaires and classified them [26,27,100,101]. The specific
formulation could see Sections 3.1–3.3.

3.2. Average Score Method to Analyze the Development Level

The following provides detail on the Average Score method used to analyze the development
level. Suppose there are m units and n indicators to be evaluated to establish the sum in Equation (1),

ZFi =
n

∑
t=1

fst (1)

where s = 1, 2, 3, . . . , m; t = 1, 2, 3, . . . , n; ZFs = the score sum of the sth sample; fst = the tth index
score of the sth sample. Then, the average score of m units was calculated in Equation (2),

f =
m

∑
s=1

ZFs/m (2)

Suppose that there was K = 5 (where A = 1 represents strong disagreement to E = 5 represents
strong agreement) scaling of each indicator in each unit, then, there were 4 (K = 5) levels to be graded
for the sample. The scope of each level is shown in Table 5.
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3.3. Entropy Weight Method to Analyze the Development Level

Furthermore, the following provides detail on the entropy weight method used to analyze the
development level. In this research, the authors processed m questionnaires with entropy weight
method [104–106]. Specific steps are as discussed follows:
1. n = number of indexes; entropy weight = {ω1, ω2, . . . , ωn}

(1) Construction of judgment matrix
m = number of subjects evaluated,
R = judgment matrix,

R = (rst)m×n (s = 1, 2 · · · ; m, t = 1, 2 · · · , n) (3)

where, rst = Found evaluation index of the tth index of the sth subject.
(2) Analyzing standardized matrix B

B = (bst)m×n (s = 1, 2 · · · ; m, t = 1, 2 · · · , n)

Where, bst =
rst − rmin

rmax − rmin
(4)

And rmax, rmin are the most satisfied and most dissatisfied.

When the index is positive : bst =
rst − rmin

rmax − rmin
(4a)

When the index is negative : bst =
rmax − rst

rmax − rmin
(4b)

(3) Calculation of entropy value

Ht = −(
m

∑
s=1

fst ln fst)/ ln m (s = 1, 2 · · · ; m, t = 1, 2 · · · , n) (5)

where fst = bst/ ∑m
s=1 bst. When fst = 0, (ln fst) has no meaning. Hence the adjusted calculation of fst

is in Equation (6).

fst = (1 + bst)/
m

∑
s=1

(1 + bst) (6)

(4) Calculation of entropy weight

w = (ωt)1×n, ωt = (1− Ht)/(n−
n

∑
t=1

Ht) (7)

Under the condition of ∑n
t=1 ωt = 1.

2. The final score of m questionnaires:

s f =
m

∑
i=1

ωi fi (8)

where: fi is score of the ith index.

3.4. Competitive Advantage Identification Method Conforming to Natural Rule

Following the analysis of the development level, the authors combined the competitive advantage
analysis and cluster analysis method to identify the characteristics of the m questionnaires and classified
them [26,27,100,101].
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(1) The competitive advantage model of the top level regarding foundational indices

According to the evaluation opinions of the ith evaluation person, the model for identifying the
competitive characteristics of the subjects from the top level to the foundational level was calculated
as follows:

mind2
i (xi, x∗) =

m
∑

k=1

pk
∑

j=1
w2

kj(x∗kj − xikj)
2

s.t.
m
∑

k=1

pk
∑

j=1
wkj = 1

wkj ≥ 0, k = 1, 2 · · · , m; j = 1, 2 · · · , pk

(9)

where k for the index number of the middle layer, pk is the number of indicators below the kth indicator.

(2) The competitive advantage identification model of the middle level to its foundational level indices

The model listed below is the competitive advantage characteristic analysis of the behavior
subjects in the foundational level identified by the behavior subject in the middle layer from the point
of view of the kth index.

mind2
ik(xi, x∗) =

pk
∑

j=1
λ2

ikj(x∗kj − xikj)
2

s.t.
pk
∑

j=1
λikj = 1

λikj ≥ 0, j = 1, 2 · · · , pk; i = 1, 2 · · · , n

(10)

where: (y∗ik)
2 =

pk
∑

j=1
(λ∗ikj)

2(x∗kj − xikj)
2. It is based on opinion of the ith evaluation person.

In accordance with the idea of competitive advantages, a behavior subject is assessed in the middle layer
for the kth indicator of its performance. The smaller the square value of the assessment score, the better
the performance. The above calculation can traverse the middle layer for each index. The ideal value
of the calculation result of evaluation is 0. Therefore, based on the opinions of the evaluation persons
and from the perspective of the topmost level (i.e., the upper layer), the identification model of the
competitive advantage characteristic analysis described as follows:

minz2
i =

m
∑

k=1
µ2

ik(y
∗
ik)

2

s.t.
m
∑

k=1
µik = 1

µik ≥ 0, k = 1, 2 · · · , m

(11)

where µik represents the weight of the kth indicate, based on the opinion of the ith evaluation person.
Also wikj = µik ∗ λikj.

(3) wikj = µik ∗ λikj, to calculate the characteristics of the indicators from the highest level to the
middle layer.

The basic principle of the clustering was to build A = (number) pieces of samples or indexes
respectively as different classes. Then the classes with attributes that are closest to each other (or similar
to the greatest extent) would be combined into a new class. The total number of classes is no more
than (A − 1). Next, the classes with attributes that are closest to each other were again combined.
This process continues until all the samples are clustered into one class. Finally, after surveying
the clustering process, the appropriate clustering stage are chosen to enable the completion of
cluster. In practical applications, the last part is decided based on the specific purpose of the
analysis, as well as the specific circumstances of the cluster, to set the number of clusters. Generally
speaking, the weighted characteristics of competitive advantage represent the value structure of
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an evaluated person. Therefore, through systematic clustering of the weighted characteristic of
competitive advantage, the authors were able to categorize the opinions from the respondents who
hold the same or similar value structure. This is also refined the behavior modes based on value
selection. In this study, SPSS22.0 software was used for cluster analysis.

4. Data Collection and Analysis

4.1. Data Collection

To investigate the implementation of service innovation in construction industry, this research
used questionnaire survey for data collection. The survey targeted construction enterprises in Shanghai,
Beijing and Xi’an cities of China. Construction enterprises from these cities were targeted because
they represent the more developed regional construction sectors in China. As the capital city of China,
Beijing is the political, cultural and educational center of the country. Furthermore, Shanghai is known
as the economic center of the country. The data surveyed from the construction enterprises in the two
cities are representative of the more developed domestic construction sectors in China. Furthermore,
in 2017, Shaanxi Province ranked as 16th in output value across the regional construction industries of
China, which was considered as middle ranking. Furthermore, Shaanxi Province was ranked the 8th in
output growth across the regional construction industry in China in the same year. This province was
selected for study because it represents the average development of the regional construction sectors
and had relatively strong regional growth in China. Xi’an, as the capital of Shaanxi Province, is also
considered as the center of northwest China. The construction enterprises in Xi’an city represent an
average development level of service innovation of medium-size, regional construction enterprises.
In 2017, with the support of China Construction Economic Association, a random selection of 1200
construction companies from the Beijing, Shanghai and Shaanxi Commercial/Industrial Telephone
Directory were contacted. Telephone calls to the top administrator of each company were conducted
to explain the purpose of the study and to solicit agreement for survey participation. Of the 1200
companies, 936 agreed to participate. Nine-hundred thirty-six questionnaires were then delivered to
the top administrator in each company for distribution. The contents of the questionnaire are shown
in Appendix A.1. A telephone follow-up was conducted within two weeks to check that the top
administrator (i.e., general or deputy-general manager level) received the surveys for distribution.
In many cases, the research organization sent representatives to meet the top administrators of
the companies to explain how the data would be used, to answer any queries, and to collect the
questionnaires once completed. Direct research representative contact is an important step to obtain
high-quality data in China [107,108]. Table 6 presents a summary of the data collection process.

Table 6. Survey Summary.

Investigation
Time in 2017 Location Distributed Response Valid Response Rate

%
Valid Rate

%

April 2017 Shanghai N = 320 N = 259 N = 190 80.9 73.4
May 2017 Beijing N = 316 N = 273 N = 213 86.4 78.0
May 2017 Xi’an N = 300 N = 243 N = 182 81.0 74.9

In summary, there were 936 questionnaires distributed in this research. A total of 775
questionnaires were returned with a positive response rate of 82.79%. After strict sorting, unqualified
and uncompleted questionnaires were removed. In total, 585 qualified questionnaires were analyzed.
In addition, to determine whether non-response bias was present in the study, the authors compared
early respondents with late respondents across the key constructs. Chi-square tests showed that
no significant differences existed between the early and the late respondents with regard to firm
characteristics. In addition, t-test results indicated that there were no significant differences between
the early and the late respondents on the measures of construction industry innovation management.
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Thus, non-response bias was deemed acceptable in this study. Table 7 presents the sample attributes
by percentage of the 585 questionnaires collected.

Table 7. Sample Attributes.

Sample Attributes Type Percentages (%)

Project Type
Public buildings 26.6

Residential building 32.7
Industrial buildings 40.7

Education Level
Below undergraduate 27.5

Undergraduate 49.2
Graduate or above 23.3

Age Group 35 years and younger 65.8
Over 35 years of age 34.2

Position

Ordinary Employees 84.1
Project Manager 8.9

Division Manager 4.3
Chief inspector 2.1

Vice president and above 0.6

The sample attributes are summarized as follows:

(1) The sample projects were mainly building projects. According to the nature of their uses, buildings
can be divided into industrial construction and civil construction in China. Civil construction can
be subdivided into public buildings and residential buildings. According to Table 7, 60% of the
sample consisted of civil construction projects.

(2) Majority of respondents had higher education degrees. Hence, it can be argued they had a good
understanding of service innovation and were more sensitive to the driving factors of innovation.
They also had their own views in terms of service innovation.

(3) The majority of the sample respondents were 35 years old and younger. The relatively young
sample composition meant that generally the respondents had better ability to accept new
technology and new ideas, in addition to bring innovative concepts and ideas to enterprises.

(4) The sample composition was similar to the structure of the enterprises surveyed. From the
positions of the people sampled, most of them were general staff, which was in accordance with
the proportion of enterprise personnel. Hence, it is argued the survey results were representative
of the enterprises surveyed.

4.2. Data Quality

4.2.1. Validity Test

Validity of this research was reflected by the values of KMO (Kaiser-Meyer-Olkin) test
statistics [109]. The KMO statistics are between 0 and 1. If KMO value is close to 1, it means that the
correlation between variables is strong. Hence the original variable is suitable for cluster analysis.
Otherwise, the original variable is not suitable for factor analysis. Table 10 shows the commonly used
KMO metrics [109].

4.2.2. Reliability Analysis

Cronbach’s α coefficient was used to measure the reliability of the questionnaire survey.
To guarantee the reliability of the data in the research, the authors used the item-to-total coefficient
of each question to delete those questions with item-to-total correlation less than or equal to 0.3.
After testing the reliability of each dimension, the results are shown in Table 8. Question 4.1 was
deleted from the questionnaire because its total correlation was 0.3. The overall Cronbach’s α and the
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Cronbach’s α of all remaining questions were greater than 0.9. In addition, the Item-to-Total Correlation
of every item was greater than 0.3. Therefore, no further question was deleted from the questionnaire.

Table 8. Reliability Test and Analysis.

Indicators Item Cronbach’s α
Cronbach’s α if
Item Deleted

Item to Total
Correlation Deleted

M1

1.1 Industrial specialization

0.892

0.866 0.767
1.2 Technological trajectories 0.866 0.765
1.3 Access to foreign and domestic
markets 0.862 0.793

1.4 Public procurement for innovation 0.862 0.784
1.5 State of competition 0.887 0.618
1.6 Markets for technology 0.890 0.593

M2
2.1 Skilled labor

0.846
0.837 0.658

2.2 Migration 0.769 0.730
2.3 Costs of hiring and firing 0.744 0.756

M3

3.1 R&D and other investments in
innovation

0.886

0.861 0.793

3.2 Engineering & design capabilities 0.862 0.790
3.3 Prototyping and industrial
scale-up 0.885 0.524

3.4 Production capabilities 0.893 0.432
3.5 Commercialization capabilities 0.890 0.473
3.6 Absorptive capacities 0.859 0.776
3.7 Organizational learning
capabilities of firms 0.861 0.761

3.8 Innovation management in firms 0.860 0.773

M4

4.1 Supply chains

0.825

0.852 0.300 Deleted
4.2 ICT access 0.781 0.718
4.3 Open innovation 0.788 0.659
4.4 Interface with universities and
public research institutes 0.801 0.574

4.5 Technological co-operation
between firms 0.804 0.557

4.6 Acquisition of machinery 0.787 0.664
4.7 Consumers 0.795 0.618

M5

5.1 Retained earnings and profits

0.846

0.821 0.645
5.2 Debt financing 0.790 0.717
5.3 Stock market financing 0.796 0.703
5.4 Other types of finance 0.808 0.674

M6

6.1 Intellectual property rights and
innovation in firms

0.894

0.847 0.844

6.2 Product market regulation 0.920 0.473
6.3 Standards and certification 0.845 0.848
6.4 Contract enforcement 0.852 0.820
6.5 Environmental and safety
regulations 0.872 0.752

M7

7.1 Direct funding of firms’ R&D

0.867

0.855 0.585
7.2 Fiscal measures 0.862 0.564
7.3 Debt and risk sharing schemes 0.856 0.576
7.4 Technology extension services 0.843 0.676
7.5 Innovation procurement schemes 0.840 0.696
7.6 Cluster policies 0.843 0.674
7.7 Grants for collaborative R&D 0.835 0.749

4.3. Research Results I—Average Method

After removing Question 4.1 from the questionnaire, the total number of indicators was 39.
In Equation (1), m changed to 585; n changed to 39. So the updated classification is shown in Table 9.
Using Equation (2), the average score of the questionnaire was 113.67, which was in the Second Level
of Table 9 and the driving force was medium. Although most enterprises were still relatively modest
in development, a few leading enterprises had higher service innovation levels.
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Table 9. Updated Average Classification and details of sample grading.

Level Level 1 Level 2 Level 3 Level 4

Total Grade [37, 74] [75, 116] [117, 155] [156, 195]
Level of Driving Force Ad hoc Defined Managed Controlled

Quantity 75 337 93 80
Percentage 12.821 57.607 15.897 13.675

4.4. Research Result II—Entropy Weight Method

The authors constructed the evaluation matrix and matrix standardization with Equations (3) and
(4) using raw data, in which, n = 39 and m = 585. The authors then used Equations (5)–(7) to calculate
standardization data. The results of entropy weights of indexes (or questions) are shown in Table 10.

Table 10. Entropy weight.

Index 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 3.1 3.2 3.3 3.4

Entropy weight 0.046 0.045 0.024 0.025 0.017 0.017 0.018 0.021 0.023 0.024 0.022 0.029 0.028
Index 3.5 3.6 3.7 3.8 4.2 4.3 4.4 4.5 4.6 4.7 5.1 5.2 5.3

Entropy weight 0.030 0.045 0.046 0.046 0.019 0.020 0.030 0.029 0.021 0.019 0.015 0.023 0.024
Index 5.4 6.1 6.2 6.3 6.4 6.5 7.1 7.2 7.3 7.4 7.5 7.6 7.7

Entropy weight 0.018 0.031 0.016 0.029 0.028 0.019 0.018 0.031 0.019 0.022 0.023 0.023 0.017

Using Equation (8), the weighted average value of the sample was 2.838. Table 11 shows the
statistics of the questionnaire for all levels.

Table 11. Details of sample classification based on entropy weight method.

Level Level 1 Level 2 Level 3 Level 4

Quantity 68 349 83 85
Percentage 11.624 59.658 14.188 14.530

After comparing the results of I and II, it clearly shows that the final grade of the sample was
Level 2, calculated by both the average method and the entropy weight method. However, taking into
consideration information objectivity, the entropy method was considered an alternative approach
to the average method. It was determined the Entropy method was more objective and accurately
targeted the specific influential factors at evolutionary growth levels within the proposed framework.

4.5. Research Results III—Competitive Advantage Analysis Method

Table 12 shows the clustering of the characteristics of the competitive advantages of the topmost
levels to the various indicators in the middle layer. The authors divided the 585 questionnaires into four
categories. The third category had 1, which was not significant, and hence removed. The second cluster
accounted for the largest proportion, which was the most representative in the reflected weight ratio.

Table 12 shows the calculated weights of various indicators using the algorithm of competitive
advantage analysis. The greater the weight of the indicators the more advantageous they were.
The sum of the weights of all indices was very close to 1. The authors used 1 for the rest of the analysis,
which turned out to have little influence on the results. Then the average weight of the 7 indicators
would be 1/7 = 0.143. Taking 0.143 as the standard, if a weight was less than 0.143, the associated
index was not a competitive advantage. The indicated area would need to be improved. If the weight
of an index was small, there was increasing urgency for improvement. If the corresponding weight
was greater than 0.143, the index had certain advantages. A high value of a weight indicated a greater
advantage in the index.
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Table 12. Middle layer clustering results (weights).

Indicators
Cluster

1 2 3 4

M1 −1.060 0.093 0.006 0.010
M2 −0.002 0.047 0.003 0.005
M3 −1.133 0.205 −19.092 7.591
M4 −0.661 0.146 0.000 0.023
M5 −0.003 0.055 0.005 0.008
M6 2.480 0.311 20.052 −6.670
M7 1.378 0.143 0.026 0.033

Number of respondents 6 574 1 4

As presented in Table 12, Level 2 captured the majority of respondents, highlighting this was
the cluster level most of the construction enterprises were within from the sample. This stark result
suggests majority of construction firms were limited in their development, suggesting need for
significant improvement in their approach to service innovation and may explain the contextualized
problem in the construction industry more explicitly. The questionnaire indicators M3 (0.205),
M4 (0.146), and M6 (0.311) have certain advantages. Indicator M7 has the weight of 0.143 exactly,
which indicates that it is in the middle level of development. All the rest indices were deemed
to not have competitive advantage, especially index M2 (0.047) and M5 (0.055), which needed
urgent improvement.

The authors performed the analysis of variance (ANOVA) on single factors of the indices across
the 3 survey respondent roles in the middle layer (as shown in Appendix A.2). The concomitant
probability of F statistic of M2 was 0. 864. The remaining concomitant probabilities were 0, which were
less than the significant level of 0.01. This demonstrated that the differences between the four types of
M2 indicators were not very significant; while the differences of other indicators were quite substantial.
Clustering of characteristics showing the competitive advantages of the indicators in the middle layer.

As shown in Table 13, for M1 indicators, the authors divided the 585 questionnaires into two
categories: Cluster 1 had 273 questionnaires; Cluster 2 had 312 questionnaires. The two clusters had
little difference in the number of questionnaires. Therefore, the problems reflected in both clusters
required attention. There were 6 fundamental layers under the middle layer of M1. Hence, the average
weight of them was 1/6 = 0.167. The authors used the two clusters from Table 13 to analyze their
opinions reflected by the dimensions of M1. The dimensions 1.1, 1.2, 1.3 and 1.4 of M1 were positive.
However, the dimensions of 1.5 and 1.6 had certain deficiencies. Dimension 1.6 was particularly in
urgent need for improvement. The Cluster 2 respondents believed that dimensions 1.5 and 1.6 of M1
had an advantage, while the rest of the indicators did not. In particular, dimensions 1.1 and 1.2 were in
urgent need for improvement.

Table 13. Clustering Results of the characteristics of competitive advantages.

SS Item Cluster Weights

M1

M1 Average Weight = 1/6 = 0.167 1 L* 2 L*

0.167 - 0.167 -

1.1 Industrial specialization 0.195 M 0.081 D

1.2 Technological trajectories 0.195 M 0.074 D

1.3 Access to foreign and domestic markets 0.177 M 0.123 D

1.4 Public procurement for innovation 0.195 M 0.131 D

1.5 State of competition 0.131 D 0.288 M

1.6 Markets for technology 0.107 D 0.304 M

Number of people 273 312

Total number of people 585
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Table 13. Cont.

SS Item Cluster Weights

M2

M2 Average Weight = 1/3 = 0.333 1 L* 2 L*

0.333 - 0.333 -

2.1 Skilled labor 0.557 M 0.215 D

2.2 Migration 0.215 D 0.403 M

2.3 Costs of hiring and firing 0.228 D 0.382 M

Number of people 358 227

Total number of people 585

M3

M3 Average Weight = 1/8 = 0.125 1 L* 2 L* 3 L*

0.125 - 0.125 - 0.125 -

3.1 R&D and other investments in innovation 0.114 D 0.049 D 0.048 D

3.2 Engineering & design capabilities 0.103 D 0.039 D 0.053 D

3.3 Prototyping and industrial scale-up 0.096 D 0.572 M 0.035 D

3.4 Production capabilities 0.105 D 0.118 D 0.735 M

3.5 Commercialization capabilities 0.231 M 0.095 D 0.046 D

3.6 Absorptive capacities 0.106 D 0.037 D 0.022 D

3.7 Organizational learning capabilities of firms 0.129 M 0.043 D 0.028 D

3.8 Innovation management in firms 0.116 D 0.048 D 0.033 D

Number of people 401 97

Total number of people 585

M4

M4 Average Weight = 1/6 = 0.167 1 L* 2 L*

0.167 - 0.167 -

4.2 ICT access 0.139 D 0.041 D

4.3 Open innovation 0.197 M 0.000 D

4.4 Interface with universities and public
research institutes 0.121 D 0.518 M

4.5 Technological co-operation between firms 0.123 D 0.441 M

4.6 Acquisition of machinery 0.199 M 0.000 D

4.7 Consumers 0.222 M 0.000 D

Number of people 520 65

Total number of people 585

M5

M5 Average Weight = 1/4 = 0.250 1 L* 2 L*

0.250 - 0.250 -

5.1 Retained earnings and profits 0.130 D 0.347 M

5.2 Debt financing 0.297 M 0.165 D

5.3 Stock market financing 0.427 M 0.150 D

5.4 Other types of finance 0.145 D 0.338 M

Number of people 152 433

Total number of people 585

M6

M6 Average Weight = 1/5 = 0.200 1 L* 2 L* 3 L*

0.200 - 0.200 - 0.200 -

6.1 Intellectual property rights and innovation
in firms 0.306 M 0.127 D 0.513 M

6.2 Product market regulation 0.009 D 0.191 D 0.261 M

6.3 Standards and certification 0.308 M 0.259 M 0.052 D

6.4 Contract enforcement 0.370 G 0.148 D 0.070 D

6.5 Environmental and safety regulations 0.007 D 0.274 M 0.105 D

Number of people 277 254 54

Total number of people 585



Sustainability 2018, 10, 3319 19 of 33

Table 13. Cont.

SS Item Cluster Weights

M7

M7 Average Weight = 1/7 = 0.143 1 L* 2 L*

0.143 - 0.143 -

7.1 Direct funding of firms’ R&D 0.000 D 0.219 M

7.2 Fiscal measures 1.000 D 0.120 D

7.3 Debt and risk sharing schemes 0.000 D 0.224 M

7.4 Technology extension services 0.000 D 0.103 D

7.5 Innovation procurement schemes 0.000 D 0.101 D

7.6 Cluster policies 0.000 D 0.112 D

7.7 Grants for collaborative R&D 0.000 D 0.122 D

Number of people 49 536

Total number of people 585

Notes: SS means Sub System. L* stands for development levels. D means Defined level; M means Managed level.

Using ANOVA analysis on single factors across the two clusters in Table 13 for the M1
measurements of the indicators, the authors found that the two clusters had the concomitant
probabilities of F statistics as 0, which were less than the significant level of 0.01. As such, the two
clusters had significant differences.

As shown in Table 13, for the sub-systems of M2, M3, M4, M5, M6 and M7, the average weights
were calculated according to the number of questions in each sub-system. If a particular indicator had
a cluster weight greater than the average weight of the specific sub-system, the respondents believed
that the development of this indicator had apparent advantages. Otherwise, the indicator had weak
development. For example, Cluster 1 of M2 believed that M2.1 had apparent advantages or was in
good condition. However, the dimensions of M2.2 and M2.3 had deficiencies and needed improvement.
Using ANOVA analysis, the authors found that the two clusters of M2 had the concomitant probabilities
of F statistics as 0, which were less than the significant level of 0.01. The two clusters had significant
differences. As shown in Table 13, for M2 indicators, the authors divided the 585 respondents into
two categories: Cluster 1 had 358 questionnaires; Cluster 2 had 227 questionnaires. The number of
respondents in Cluster 1 accounted for a larger proportion. Hence, it was relatively more representative.
The same analysis criteria were used to identify the indicators or dimensions that had significant
advantages in development and the dimensions that had the weakest development levels and needed
urgent improvement.

4.6. Analysis

The results indicated that the sample enterprises implemented service-innovation-driven policies
and most had modest development levels. Overall, the enterprises were well developed in M6
(regulatory framework for innovation in firms) category. Their development levels in M2 (Firms’
access to labor for innovation) and M5 (Firms’ access to finance for innovation) were weak and needed
improvement. Regarding the remaining categories, the enterprises were normal and balanced in
the development levels. In other words, the measured enterprises had certain service innovation
abilities and were provided with access to innovation knowledge channels. This was particularly
the case for the enterprises which had developed specific governance and regulations tailored to
innovation development and staff input. However, for the enterprises with deficiencies in labor input
and dedicated innovation support funding, improvement was needed.

Specifically, in all of the indicators of M1, the development levels of 1.1 (Industrial Specialization)
and 1.2 (Technological Trajectories) relatively lagged behind. Additionally, indicators 1.5 (State of
Competition) and 1.6 (Markets for Technology) were also lagging. These results suggest enterprises
should increase investment in technology and specialization, develop new markets for innovative
services to gain competitive advantage. The development levels of other aspects were relatively
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balanced, where enterprises were continuing to maintain. The fundamental indicators of M2 indicated
that development strategies were neglecting the impact of indicator 2.2 (Employee Migration) on the
service innovation of staff. If enterprises couldn’t provide attractive immigration policies for staff,
some employees with immigration needs or having troubles with the complicated and cumbersome
immigration procedures might leave. Therefore, enterprises, especially those with foreign employees,
should pay attention to the immigration policies. Meanwhile, indicator 2.3 (Costs of Hiring and
Firing) showed that the enterprises did not take into account the overhead costs of hiring new
and capable employees or dismissing employees. The fundamental indicator 3.3 (Prototyping and
Industrial Scale-Up) of M3 showed that the enterprises may not be fully recognizing the value of
prototyping and scale up procedures. In M4, dimensions 4.4 (Interface with universities and public
research institutes) and 4.5 (Technological co-operation between firms) had innovation limitations.
To overcome the limitations, the enterprises could seek more external partnerships to share innovation
knowledge and seek support from external research infrastructure for research and development.
In M5, the enterprises used a variety of ways of financing, but mainly depended on corporate-retained
earnings to invest in innovation. The development levels of the dimensions 5.2 (Debt financing)
and 5.3 (Stock market financing) were deficient. In M6, if staff do not receive a strong level of
support on their innovation development (as shown in indicator 6.1), that can have an impact on
the enthusiasm of the staff to share new and innovative ideas. Meanwhile, there was not enough
reasonable regulation on the innovative products in market (as shown in indicator 6.2). One result was
the emergence of innovation “counterfeiting”. Motivation to innovative can be negatively affected by
inadequate protection of intellectual property. In addition, enterprises should strengthen their focus on
environmental protection and safety management (as shown in indicator 6.5) to stimulate innovation.
As shown by the fundamental indicators of M7, the employees of the enterprises suggested that
the government could promote technological innovation (as shown in indicator 7.4) and encourage
innovative public procurement (as shown in indicator 7.5). The government had the ability to lead
by example and promote innovation through public procurement policy. Once in place, government
projects can also act as an incubator for innovative ideas.

To improve service innovation performance, construction enterprises could consider the following
suggestions based on the research results:

(1) Enterprises should increase innovation investments from internal funding, which includes the
following two aspects:

• Enterprises should increase their R&D investment, including the potential for hiring more R&D
personnel (as shown by indicators 2.2 and 2.3), providing more capital (as shown by indicators 5.2
and 5.3), greater investment in innovative construction processes such as modular construction
and construction industrialization (as shown by indicator 3.3) [58,59] and offering training in
these areas for site personnel. Furthermore, enterprises should develop dedicated innovation
management systems (as shown by indicator 6.1). The systems are the most important aspect to
create business environment for encouraging innovation.

• Enterprises can explore different paths, through certain ways, to influence the external
environment of enterprise-level innovation (as shown by indicators 1.5 and 1.6). The purpose is
to transform the external environment to directly facilitate enterprise innovation [49].

(2) Enterprises should consider the benefits open-learning environments that facilitate innovation
knowledge flow (as shown by indicators 1.1 and 1.2).

To meet the challenge and demand of the knowledge economy [43], it becomes an inevitable
choice for enterprises to develop open innovation. Open innovation has been advocated in recent times
to promote greater collaboration between construction firms (Rose and Manley, 2012). This is due to
the emphasis of the open innovation approach on key feature of modern innovation processes—the
openness of organizations to external ideas in the name of creativity, innovation and growth [110].
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One way of doing this is to establish a free and open system to facilitate information sharing,
communication and knowledge dissemination. It can promote the enterprises’ internal and external
information and knowledge flows swiftly and smoothly. Such an approach can improve innovation
knowledge sharing where stakeholder in the innovation process can jointly learn, through practice,
interaction, error correction and reflection and gain key information feedback in a timely manner.
In addition, enterprises should monitor construction industry development, collaborate with R&D
institutes and universities, and focus on impact-efficiency factors to benefit from organizational
growth [44].

(3) Enterprises need to pay attention to innovation and study the innovation market.

Enterprises need to further enhance the awareness of intellectual property and improve their
abilities to use intellectual property rights [75]. Enterprises should use intellectual property rights as
a major means of competition, combine intellectual property strategies and enterprise development
strategies, and study and formulate the enterprise development strategies of service innovation
according to their intellectual property advantages. Eventually, enterprises can establish their
development directions and strategy targets. The considerations about intellectual properties are
reflected by indicator 1.5. According to indicator 1.6 focusing on technology markets, enterprises should
vigorously promote the industrialization of patent technology. After enterprises obtained intellectual
property rights, they need to actively create conditions and increase investment to promote
industrialization [48]. If an enterprise does not have internal conditions to develop their own
intellectual property, they can accelerate the realization of industrialization through joint venture
cooperation and technology sharing. Some projects may also be transferred outward through a specific
technology market or licensed to use, to promote the flow and diffusion of knowledge.

(4) Enterprises should implement talent promotion strategies (as shown by indicators 2.2 and 2.3).

Enterprises need to focus on the cultivation of backbone talent who may have innovative skills,
and rich practice experience [53,54]. Enterprises can also accelerate the development of service
innovation experts, vigorously develop professionals for service innovation practice, introduce
and cultivate high-level creative personnel, and facilitate managers for innovation management.
Such efforts can be achieved through domestic and international training, international exchanges and
cooperation, and focused talent recruitment, to strengthen high-level personnel training [52].

(5) Enterprises should build exchange platforms (as shown by indicators 4.4 and 4.5).

One suggestion is to build public sharing platform of technology resources, for example, develop a
collaborative service network for scientific instruments and important facilities [111]; build a platform
for personnel exchanges and learning [112]; establish a cross-regional mechanism for professionals to
learn and exchange ideas [113]. The implications include encouraging technical personnel to study
and improve their skills, improve the effectiveness of education and training, and comprehensive use
of public resources.

Furthermore, it is recommended that intermediary service systems are developed that may
include the establishment of external institutions for information consultation, investment and
financing, and brokerage of science and technology. Such institutions serve as intermediaries to
provide specialized services, particularly relating to innovation development. Industries should
encourage internal R&D groups to cooperate and communicate with foreign multinational corporations,
universities, research and development institutions through various forms of R&D entrustment,
joint research and development, purchase of technology, introduction of professionals, and sharing
of equipment and information resources [66]. Industries also should encourage enterprises to reach
out to established international R&D institutions that specialize in specific science and technology
areas [67]. Certain funds could be allocated to support technology research and development that
comply with industry policy.
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(6) Enterprises should establish and improve the environment of investment and financing for
innovation and entrepreneurship (As shown by indicators 5.2 and 5.3).

At present, the major investment method used by Chinese financial industry on science and
technology are corporate loans [71]. Bond financing, stock market financing, and other investment and
financing methods are developing rapidly. It is recommended that the government should take action
to expand the support for R&D and innovation activities from financial institutions. There are certain
risks for enterprises to directly invest in R&D and innovation activities. Hence, the government can
consider building financial support through incentives, such as direct funding or tax minimization.
In addition, the government should learn from foreign experiences and make full use of government
funded entities to provide financing and credit guarantees for innovative enterprises. Therefore,
credit-guaranteed government institutions could actively cooperate with the construction businesses,
to re-distribute risk and actively promote advanced international risk-sharing approaches [72].

(7) Enterprises should focus on innovation management and promote intellectual property rights
(As shown by indicators 6.1 and 6.2).

The government should consider implementing systems to encourage intellectual property rights.
The detailed measures include the following items: (a) the implementation of intellectual property
strategy, in order to enhance the ability of scientific and technological innovation and industrial
competitiveness. This can directly strengthen the creation, use, protection and management of
intellectual property rights, and promote industrialization [75]; (b) strengthen the dominant position of
enterprises to effectively manage innovation. It is important for the enterprise to consider construction
market regulations. Governments should guide enterprises to increase investment in innovation
in light of the regulatory environment, particularly in the acquisition of intellectual property rights
as an important means to develop markets and enhance competitiveness [76–79]; (c) promote the
application and transfer of intellectual property rights, industrialize patent technology, and enhance
the application of enterprise trademarks. The government can improve the protection mechanism
of intellectual property rights, by improving the related regulatory mechanisms. This may include
the punishment of illegal crime and infringement of intellectual property rights according laws;
(d) finally, governments should be encouraging environmental and safety innovation via regulations.
Regulations can act as a driving force for technological change that has a direct positive influence
of safety standards and environmental outcomes (Kemp, 1998). This is particularly relevant in the
construction industry also targeted as a major environmental polluter, with its conversion processes
taking place in a predominantly external and loosely controlled environment [114]. Environmental and
safety regulations can encourage innovation and influence the direction of technological change [83],
driving firms explicitly towards the development and use of innovative technologies which protect the
environment or result in higher standards of safety (Kemp, 1998).

(8) Enterprises should strengthen public procurement (As shown by indicator 7.5).

Many countries attach great importance to the construction innovation market [89]. Government
procurement has become widely adopted as a policy tool by many countries in stimulating the
demand for innovation [115]. Measures can include (a) the establishment of comprehensive
‘innovation-friendly’ policy to guide in government procurement activities and exclusive enforcement
agencies for non-compliance, (b) to establish a multi-level supervision system to enhance the efficiency
of government procurement, and (c) to promote domestic innovation and Small to Medium Enterprise
(SME) innovation through government procurement policy [91].

(9) Governments should be facilitating extension services to extend existing innovation of
Construction Small to Medium Enterprises (SME’s) (As shown by indicator 7.4).
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In summary, the technological trajectories and government promotion on technology innovation
caught attention of the survey group. Hence, the following are suggestions from the analysis. (a) The
government can support construction SME by diversifying innovative products and innovative
technologies, and providing construction clients with more choices of products and technologies. Thus,
it can break the dominate situation of certain technologies and products in a market and overcome
the obstacles in commercialization of innovation developed by of industry-university collaborative
research [90]. (b) Through the development of information-service platforms, such as community
of practice forums or industry promotion events, where the government can vigorously promote
cooperation and innovative products and processes, and construction clients can understand the
performance advantages and the methods of use of new technology, products or processes [116].
This can increase the knowledge and confidence of clients regarding new-to-market innovation and
technology. Again, this is particularly important due to the complex and fragmented supply chain
in construction production [23]. (c) Finally, relevant government departments should pay attention
to SME’s in the construction industry to advance construction enterprise awareness of the uses
of technologies for the benefit of environmental protection and work safety [92]. By improving
the environmental and safety targets for the built environment, can encourage greater uptake of
innovative solutions.

5. Conclusions

This paper has proposed an integrated framework and used a new mixed method of (a) average
score, (b) entropy weight method, (c) the competitive-advantage analysis conforming to natural
rule, and (d) the cluster-identification method, to assess the growth management levels and
priorities for industrial service innovation. This new mixed method approach makes improvements
to the diagnosis field of service innovation and industry policy evaluation with the bottom-up
communication. The research gathered data from the frontline staff, managerial teams and executive
boards, and analyzed the most representative respondent opinions according to defined service
innovators. This new approach provided the measures to further improve the competitive advantages
of enterprises.

This research contributes to the existing literature on service innovation in the construction
industry by considering project-based construction enterprises operating within a service-dominated
industry [21]. It also considers aspects affected by internal and external factors prescribed by IPP
and applied in a practical industry context. The framework for service innovation includes various
related driving forces and considers the innovative development at both present level and future
trajectory. It innovatively integrates the growth management model and the comparative advantage
thinking into IPP [23] to systematically diagnose the growth management levels of service innovation
for enterprises. The provided recommendations in promoting higher levels of service innovation can
lead to the improvement of industry performance.

The samples of this study included the construction enterprises only from Beijing, Shanghai and
Xi’an provinces in China. However, the proposed framework could be applied to measure a wide range
of growth management issues relating to service innovation in other jurisdictions. Moreover, the model
can be used as a basis for further extensions to experimental research, such as multi-period innovation
policy management considering time-dependent demand and context constraints. Future research
should examine the properties of this current research scale and possibly test the framework in the
context of other industries and other developing countries. Such findings may allow the comparison
between industries in both developing and developed countries. It is also expected that the scale should
do equally well in other countries. Furthermore, a large-scale qualitative study could be conducted
to further validate the individual factors from a wider range of industry perspectives (beyond the
construction organization context). In this research, the data were collected through self-report
of the key informants, which may also be another limitation of the study. Again, to address this
limitation, future research should test the scales using data collected from a wider range of industry
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sources. The literature review in this paper summarizes the key elements of service-innovation
evaluation systems and indicators. Based on the advances achieved in previous studies, more research
attention will be helpful on the details and contrasts emerged in the academic debates. Nevertheless,
the research presented in this paper provides a strong foundation to further refine the methods
to diagnose and improve levels of service innovation, as a critical element of enterprise growth in
service-related industries.
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Appendix A

Appendix A.1 Questionnaire

This questionnaire is divided into two parts: the first volume is background data; the second part
is the investigation of the development levels of service innovation. All questions are multiple choice
questions. Please select the best option and place a “

√
” in front of it.

Part One: Background Information

(1) What is the project type that you are working on now?

(A). Public building; (B). Residential Building; (C). Industrial buildings

(2) What is your educational level is?

(A). Below undergraduate; (B). Undergraduate degree; (C). Graduate level or above

(3) What is your age group?

(A). 35 years and younger; (B). Older than 35 years

(4) What is your position?

(A). General Staff; (B). Project Manager; (C). Department manager; (D) Director; (E) Vice
president or above

Part Two: The development levels of service innovation drivers in building enterprises

In the following questions, the letters A, B, C, D, and E have the following meanings
A: Strongly Disagree; B: Somewhat Disagree; C: Not Sure; D: Agree; E: Strongly agree
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1 Firms’ market environment for innovation

1.1 The Construction industry is in a very high degree of specialization. A B C D E
1.2 You have clear understanding of the key factors in the transformation of the
construction industry.

A B C D E

1.3 Foreign companies enter supply market through import and export trades or
direct investments.

A B C D E

1.4 Innovative products and services are plenty in public procurement. A B C D E
1.5 Enterprises have high market shares. A B C D E
1.6 Innovative knowledge or technology can be diffused through market
transactions.

A B C D E

2 Firms’ access to labor for innovation

2.1 Enterprise has some highly educated employees or high-tech employees. A B C D E
2.2 Enterprise has considered the immigration-related needs of employees
(especially the nonnatives).

A B C D E

2.3 Enterprise has relative small overhead to hire or dismiss employees. A B C D E

3 Firms’ capabilities and assets for innovation

3.1 Enterprise has plenty investments in R & D and other innovative activities. A B C D E
3.2 Enterprise has design and construction capabilities. A B C D E
3.3 Enterprise has the abilities to design and industrialize equipment machinery
production.

A B C D E

3.4 Enterprise has a good production capacity. A B C D E
3.5 Enterprise has a good commercialization capability. A B C D E
3.6 Enterprise can identify innovative capacity needs and absorb the related
applications.

A B C D E

3.7 Enterprise often organizes learning activities for innovation topics. A B C D E
3.8 Enterprise has a good innovation management department or system. A B C D E

4 Firms’ access to knowledge for innovation

4.1 Enterprise has an industrial chain of design, production, sales and
distribution.

A B C D E

4.2 Enterprise can access useful information and has effective information
communication technology (ICT).

A B C D E

4.3 Enterprise can use external ideas, internal ideas, market and internal and
external paths to promote technology.

A B C D E

4.4 Enterprise often collaborates with high education or public research
institutes for innovation.

A B C D E

4.5 Enterprise often collaborates with other companies to innovate. A B C D E
4.6 Enterprise is willing to pay for innovative machinery and equipment. A B C D E
4.7 Enterprise pays attention to consumer opinions and recommendations in
innovation process.

A B C D E

5 Firms’ access to finance for innovation

5.1 Enterprise can use retained profit earnings as a way of investment of service
innovation.

A B C D E

5.2 Enterprise can use debt financing as a way of investment in service
innovation.

A B C D E

5.3 Enterprise can finance through the stock market as a way of investment in
service innovation.

A B C D E

5.4 Enterprise can finance through other ways for investment in service
innovation.

A B C D E
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6 Regulatory framework for innovation in firms

6.1 Enterprise can protect the intellectual property rights and innovative
products of employees.

A B C D E

6.2 Enterprise has the promotion and suppression policies of innovative
products.

A B C D E

6.3 Enterprise has standards and norms for innovative products. A B C D E
6.4 Enterprise can enforce contracts signed with individuals or other companies
and solve related problems in accordance with the contract.

A B C D E

6.5 Enterprise has environmental and safety-related requirements, standards and
specifications.

A B C D E

7 Policy intervention on innovation in firms

7.1 Government can provide direct financial support through the issuance of
grants, loans, subsidies and venture capital and seed funds.

A B C D E

7.2 Government has tax incentives to support innovation activities. A B C D E
7.3 Government has debt and risk sharing plans for innovation through
subsidized loans or credit guarantees.

A B C D E

7.4 Government provides technical extension services for SMEs. A B C D E
7.5 Government has public procurement programs to support innovators. A B C D E
7.6 Government has the plans of regional clusters of enterprises and research
institutes, such as high-tech areas, to promote innovation and development.

A B C D E

7.7 Government has funding for development collaborations among enterprises,
research institutes and universities.

A B C D E

Appendix A.2 ANOVA Analysis of Middle-Layer Indices and Fundamental Indicators

Table A1. Single Factor ANOVA Analysis of Middle-Layer Indices.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

M1 2.638 3 0.055 581 47.824 0.000
M2 0.007 3 0.030 581 0.246 0.864
M3 200.436 3 0.265 581 757.650 0.000
M4 1.313 3 0.113 581 11.636 0.000
M5 0.010 3 0.010 581 1.005 0.390
M6 204.280 3 0.356 581 573.072 0.000
M7 3.044 3 0.139 581 21.914 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.

Table A2. Single Factor ANOVA Analysis of Fundamental Indices under M1.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

1.1 1.887 1 0.020 583 96.312 0.000
1.2 2.138 1 0.018 583 116.148 0.000
1.3 0.438 1 0.018 583 24.133 0.000
1..4 0.600 1 0.020 583 29.859 0.000
1.5 3.584 1 0.015 583 235.773 0.000
1.6 5.659 1 0.011 583 506.163 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.
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Table A3. Single Factor ANOVA Analysis of Fundamental Indices under M2.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

2.1 16.268 1 0.019 583 868.132 0.000
2.2 4.934 1 0.030 583 165.512 0.000
2.3 3.284 1 0.032 583 102.235 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.

Table A4. Single Factor ANOVA Analysis of Fundamental Indices under M3.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

3.1 0.269 2 0.016 582 16.346 0.000
3.2 0.211 2 0.012 582 17.431 0.000
3.3 9.726 2 0.015 582 630.924 0.000
3.4 14.595 2 0.019 582 764.451 0.000
3.5 1.663 2 0.055 582 30.019 0.000
3.6 0.374 2 0.016 582 23.416 0.000
3.7 0.557 2 0.029 582 19.095 0.000
3.8 0.360 2 0.021 582 17.419 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.

Table A5. Single Factor ANOVA Analysis of Fundamental Indices under M4.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

4.2 0.553 1 0.023 583 24.468 0.000
4.3 2.243 1 0.020 583 113.137 0.000
4.4 9.125 1 0.033 583 279.142 0.000
4.5 5.855 1 0.035 583 169.565 0.000
4.6 2.285 1 0.021 583 108.457 0.000
4.7 2.849 1 0.029 583 96.784 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.

Table A6. Single Factor ANOVA Analysis of Fundamental Indices under M5.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

5.1 5.291 1 0.026 583 201.323 0.000
5.2 1.971 1 0.029 583 68.522 0.000
5.3 8.624 1 0.024 583 353.544 0.000
5.4 4.163 1 0.030 583 138.633 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.
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Table A7. Single Factor ANOVA Analysis of Fundamental Indices under M6.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

6.1 4.203 2 0.017 582 242.735 0.000
6.2 2.866 2 0.017 582 170.333 0.000
6.3 1.487 2 0.034 582 44.048 0.000
6.4 4.191 2 0.021 582 200.997 0.000
6.5 4.762 2 0.022 582 212.765 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.

Table A8. Single Factor ANOVA Analysis of Fundamental Indices under M7.

ANOVA

Cluster Error
F Sig.

Mean Square df Mean Square df

7.1 2.155 1 0.025 583 86.057 0.000
7.2 34.796 1 0.012 583 2807.860 0.000
7.3 2.254 1 0.033 583 68.381 0.000
7.4 0.473 1 0.023 583 20.938 0.000
7.5 0.455 1 0.018 583 25.750 0.000
7.6 0.560 1 0.022 583 26.045 0.000
7.7 0.670 1 0.015 583 44.883 0.000

Note: The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance levels are not corrected for this and thus
cannot be interpreted as tests of the hypothesis that the cluster means are equal.
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