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The paper built a comprehensive evaluation model with improved Grey Correlation-fuzzy, and made an
empirical research on the innovation capability of manufacturing enterprises in China. Evaluation results show
that enterprises which have taken servitization strategy get higher index value than the enterprises have not,
wherever in the enterprise innovation opportunity recognition capability, innovation process execution capability,
innovation results evaluation capability, and innovation comprehensive capability.

1. Introduction

There are many factors which influence the innovation activities of enterprises, especially in the current trend of
manufacturing servitization. In the case of innovation is increasingly becoming a system behaviour that involved
multiple subjects and combined with each other in a variety of elements, requiring companies to have a more
comprehensive and diversified innovation capability.

(Li et al., 2015) had researched 52 manufacturing companies and found that most of the companies’ innovation
efficiency is low because of their low scale efficiency. (Han and Wang, 2015) revealed that there are some
internal driving factors like collaborative innovation willingness, as well as some external driving factors, such as
the market competition pressure. (Joseph, 1982) believed innovation is the concept of a combined ability; it is a
combination of technological innovation, system innovation capability and other factors together. (George,
2004) believed that product innovation is the result of joint action by three factors: technology, product and
market space organization and management. (Yang, 2001; Liu, 2000) have done pioneering research of product
innovation and found that product innovation is a comprehensive ability that the enterprise in order to occupy the
market and gain inner profit. (Sun et al., 2010) selected 16 indicators from technology inputs and outputs, and
put forward countermeasures on how to improve the technological innovation capability of enterprises.

2. Methodology

2.1 The selection of evaluation index

From the perspective of innovation process, the paper argues that innovation capability should include three sub
abilities, innovation opportunity recognition capability, innovation process execution capability, and innovation
result evaluation capability. The innovation opportunity recognition capability refers to the ability of enterprises to
find, identify and capture/seize the innovation opportunities in changeable market environment. The innovation
process execution capability stands for the ability of enterprises transforms innovative ideas into products or
services, evading risk and creating profit for the enterprise. The innovation result evaluation capability means
the ability that enterprises make a scientific evaluation and examination for innovation, and can reflect the
innovation value accurately. The above three dimensions can be from the perspective of innovation process,
reflecting innovation capabilities of manufacturing enterprises more comprehensively and give more
consideration to the important role of customer as well as other members of the network in collaboration under
the background of manufacturing servitization.

On the basis of literature study (Zheng and He, 2000; Liu 2007), the paper combined with the theorization, the
comprehensiveness, the independence, the representative, etc. of constructing index system, based on the
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trend of manufacturing servitization, determining the relevant secondary indexes respectively. As shown in
Figure 1.

The tendency of enterprise leadership and innovation decision-making
departments X1

Department of innovation ability of information collection X2

Innovation department of information analysis and processing capacity X3

Innovation Opportunity Coordination condition of Innovation decision department and the
— Recognition Capability department of market analysis X4
X

Information on the current market demand for mastery X5

— The forecasting and guidance of potential market demand X6

Focus on tacit knowledge X7

Introduce the internal/external information for R&D planning X8

—— The construction of the enterprise innovation platform Y1

Business invest in R&D resource status Y2

Evaluation Collaboration with external R&D institutions Y3

System of Innovation Process Invite users to participate in the opening of new products Y4
Enterprise ———— Execution Capability ——— o - ‘
Innovation % —— The organization and management ability of production Y5
Capability —— Ability of enterprises to take innovative risks Y6

— Ability to obtain capital Y7

— The effectiveness of marketing management Y8

Patent, trademark and other intellectual property rights Z1

measurement of customer satisfaction Z2

Establish a communication mechanism with customers to obtain feedback

Innovation Result information quickly and accurately Z3

L Evaluation Capability ———
Z

Emphasis on feedback information Z4

Analysis ability in feedback on the results of Z5

Invite members to participate in collaborative innovation network results
improved Z6

Figure 1: Evaluation system of enterprise innovation capability

2.2 Grey Correlation Degree analysis method to determine index weight

Using of the improved Grey Correlation Degree analysis method to operate and compute, is able to determine
the overall impact on the index system of each subsystem of any indicators for the rest indicators, and thus
determine the index weight. General steps are as follows:

For n companies to be evaluated P“), P(z), ...P("),x1,xz,..., xm are evaluating indicators, PY stands the value of
indicator x; of company PY were evaluated on a fixed point.

Step 1: Do dimensionless processing for sequence of indicators — object

Usually, we need to do the dimensionless processing for sequence x?, x ¥,..., x ¥. By using standardized
dimensionless processing, change the data from x, x ¥,..., x ¥ into ¢, ¢°,..., &2.

Step 2: Calculate the square correlation degree

We choose each sequence from ¢, & ,..., & . respectively as the mother sequence, and correspondingly the
left sequence as a subsequence, then we got (m-1)x(m-1) amount of correlations and generated an m-order
Correlation Matrix ¥ .

As a sequence cannot be calculated with itself, so the elements on the diagonal in this Correlation Matrix are
empty, this has shown as follows:
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The &° denotes the degree of association between subsequence x and the mother sequence x® which
represents influence degree that X; index reacted to index X;,

Where, j=1, 2, ..., n, i#],

Step Three: Determine AA* and then get its weights a®

Determine the A , which is evaluated as follows:

m
(X) _ (X)
A= 28 )
=L j= , Where i=1, 2, ..., m,
The A" represents an overall influence which X; carries to other indices, and also stands for the degree of

importance in the whole index system.
Normalize for a® , which is evaluated as follows:

3 A ®3)

i= , where i=1,2, ..., n and a® is the weight of index X;,

Meanwhile we got weight vector A¥=(al’, a¥,..., a%) of index X, ..., Xm.
Similarly, we got weight vectors of secondary indicators and first class indicators respectively, which are shown
as follows:

Ac=(a,a0),a0) A =(aal, - a")
AZ:(af)’agZ)!'”'aéZ)) A:(ai’az,ag)
2.3 Calculation of Fuzzy Evaluation Matrix

We set PO=(PY, PY,..., P%,) as an Object - Index Sequence that comes from company’s (named PY) statistics
about X1, X, ..., Xm, Where i=1,2, ..., m,j=1,2, ..., n.

At the same time, we got P, P ..., P respectively.
It was assumed an optimal sequence Px=(P:, P.,..., Py, ), which is operated as follows:
R = max {pU} @)
=120 , ifindex i takes the maximum value:
“_mi (J)}
R = ,-IJ‘Z',F‘.,H{Pn (5)

, if index i takes the minimum value,

Where i=1, 2, ..., m;

If the individual components of the resulting sequence (Px, P, P?,..., P") have a different dimension, the
correlation coefficient cannot be calculated, and then they need to be dimensionless, as Py, PY, P? ..., P" is
the Object - Index Sequence, we usually choose dimensionless method of range dealing. After that we
symbolize it as Ci, C{’, C?,..., C" .

Now we set Cy as mother sequence, C{", C?,..., C as subsequence, then calculate the correlation coefficient
7t . After calculating we got
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where, the 7’ (i=1, 2, ..., m, j=1, 2, ..., n) is the correlation coefficient or Superior degree of the evaluated
companies P9 on the terms of index X;. Therefore, we set it as Membership of Fuzzy Sets (named f(x;) ), and set
o=rd .

So far, we have got the membership r’ (where i=1, 2, ..., m, j=1, 2, ..., n ) of evaluated companies, and we got
the Fuzzy evaluation matrix transfer from Uy to P .

T
g0 A )
P B L L L N 7 K L )
X . . . . - . . . .
R S L I U L

Similarly, we get Ry that transfer from Uy to P ; Rz that transfer from Uz to P ; R from U to P.

2.4 Two levels of Grey Correlation Degree - Fuzzy Comprehensive Evaluation Model

By using A=(ay’, a%’,..., a%) and Ry we can generated a Fuzzy Comprehensive Evaluation Model, symbol as By,
where B,=(b{’, b?,..., b{” )=A«Rx.

We set By as evaluation vectors of N evaluated companies .and b? is the index of the first class index X
(Innovation Opportunity Recognition Capability) of a company.

Similarly, we get B, and B respectively stand for the first class index Y (Innovation Process Execution
Capability) and the first class index Z (Innovation Result Evaluation Capability) of a company.

By=(b{, b?,..., bY’)= Ay-Ry
Bz=(b®, b?,..., b )= AzRz
B=(bs, bs,..., b)=AR

3. Results and Discussion

3.1 Data sources and statistical description

We investigated 60 companies by filling out the questionnaire, which including state-owned enterprises,
collective enterprises, private enterprises, joint ventures, foreign-funded enterprises and various businesses of
all sizes, which located in Beijing, Tianjin, Shanghai, Hebei, Jiangsu and other provinces in China, and which
involve many industries, such as automobile industry, electronics, household appliances, heavy machinery,
electrical equipment, plastic products, instruments, metallurgy, cement, chemical, pharmaceutical, tobacco,
food processing industry, etc. Among the 60 surveyed companies, there are 27 enterprises implemented
servitization strategy, accounting for 45% of the total survey.

Table 1: All levels of the index weight vector

Index X X1 X2 X3 X4 X5 Xg X7 Xs
Weight 0.1018 0.1285 0.1340 0.1308 0.1264 0.1301 0.1161 0.1322
Index Y Y1 Y2 Y3 Y4 Y5 Ye y7 Ys

Weight 0.1230 0.1310 0.1342 0.1106 0.1206 0.1299 0.1223 0.1285
Index Z Z1 Z Z3 Z4 Z5 Zs

Weight 0.1457 0.1838 0.1805 0.1799 0.1807 0.1294 \
Indicates X Y Z

Weight 03303 0.3538  0.3159




1307

3.2 Data Processing and Analysis

1. Data processing

According to the actual situation of these 60 companies, we endow them score from 0 to 5, these are what all
raw data come from, and therefore it does not require non-dimensional processing. We mathematically operate
the raw data by using Matlab programming method, and then to obtain weight of index of each underlying
system and upper system, we got fuzzy evaluation matrix and the index value as well.

2. The evaluation results

It can be obtained all levels of index weight by operational programming (list in Table 1). Because of the large
data of fuzzy evaluation matrix and results, we do not list all the data in the article, but show them in Figure 2.

08 08
06 06
— NO —No
04 Yes | o4 Yes
o s ﬂ\’\/{\
0 1]
1 12 21 26 16 5 57 1 12 21 26 36 15 57
a b
08 08
06 06
04 ——No | 54 ——No
Yes Yes
0.2 02 \/\/
v
A \/ \J\ /\/\‘ Y N
0 0
| 12 21 26 36 15 57 1 12 21 26 36 15 57
c d

Figure 2: a-Scatter diagram of innovation opportunity recognition capability index
b- Scatter diagram of innovation process execution capability index
c- Scatter diagram of innovation result evaluation capability index
d- Scatter diagram of enterprise innovation capability comprehensive index

3. The analysis of evaluation results

In Figure2, “Yes” means the companies which have taken manufacturing strategy of servitization, “No” means
the companies which have not. From figure 2a, we can clearly see that companies which have taken
manufacturing servitization strategy get higher index on Innovation Opportunity Recognition Capability (average
index: 0.2758) than those haven’t taken manufacturing servitization strategy (average index: 0.1430). And the
similar results which can be seen from Figure 2b, 2c. Thus, it can be concluded that the manufacturing
servitization has a promotion effect on enhancing the Innovation Opportunity Recognition Capability, the
Innovation Process Execution Capability, and the Innovation Result Evaluation Capability. From figure 2d, we
can clearly see that companies which have taken manufacturing servitization strategy get higher index on the
comprehensive capability of enterprise innovation (average index: 0.1258) than those haven't taken
manufacturing servitization strategy (average index: 0.0672). Thus we can know that the manufacturing
servitization has a promotion effect on promoting the comprehensive capability of enterprise innovation.

4. Conclusion

Firstly, enterprises developed unbalanced in the three capabilities, some enterprises have strong capability in
certain aspects, but not in others. Secondly, the impact of servitization on innovation opportunity recognition
capability, innovation result evaluation capability is more obvious, the impact on enterprise innovation process
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execution capability is relatively weak, and the impact of the enterprise innovation comprehensive capability is
also obvious.

Thirdly, manufacturing servitizations has become a clear trend in the development of the global manufacturing
industry. The empirical study also proves its important role in enterprises’ development. Therefore,
manufacturing enterprises should seize the opportunity combined with industry environment, product
characteristics and customer demand and other factors to expand the service business.

We hopes the research can provide some reference value in making developing innovative strategies, and
policies for enterprises and some relevant government departments.
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