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a b s t r a c t

Coal occupies a dominant position in China’s national economy and is an essential energy source for
future industrial development. To inform the efficient and sustainable development of the coal industry,
this paper analyzes the sources of strategic risk for coal science and technology enterprises using 3 first-
class indicators, 10 second-level indicators, and 37 observation points established through the existing
research literature and experience. Moreover, in accordance to the obtained initial index data, the
selected indicators have been tested and screened using reliability and membership degree analyses to
remove redundant variables, avoid juxtaposition of risk factors at different levels, and reduce the influ-
ence of some tiny risk factors for enterprise strategic risk. Then, factor analysis of external environment
factor sub-scale was carried out. Factors are extracted according to a standard characteristic value greater
than 1. Variables with high coefficients are classified into one factor category; and finally, 3 first-class
indicators, 8 second-level indicators, and 37 observation points are reconstructed.

� 2016 Published by Elsevier B.V. on behalf of China University of Mining & Technology.

1. Introduction

There is still no clear definition of a coal science and technology
enterprise in the academic literature. Generally speaking,
‘‘technology-based enterprise” refers to a knowledge-intensive
economic entity mainly occupied in technical research and devel-
opment (R&D), commercial use of scientific discoveries, technical
services, technical consultation, and the production and marketing
of technological products using scientific and technical personnel.
Therefore, enterprises whose main business is coal science and
technology and that engage in product R&D, design and engineer-
ing contracting, technical consultation, and technical services are
defined as coal science and technology enterprises in this paper.
At present, there are some gaps in the technology level, enterprise
scale, and management level which are evident in the following
aspects. First, technological innovation capability is weak. The
majority of small coal mines in the state-owned coal enterprises
are satisfied with the present situation; few actively study scien-
tific work, and only about 2.5% of them are engaged in science
and technology in the large, state-owned coal enterprises. The
management and distribution of talent is irregular, which makes
it difficult to carry out technical development. Second, the conver-
sion rate of scientific and technological achievements is low. How

to effectively transform the scientific and technological achieve-
ments has been a difficult problem in the development of coal
science and technology enterprise. Although there are many rea-
sons for this phenomenon, the most fundamental and important
cause is serious shortcomings in managing science and technology.
In other words, the quality of coal production and technology man-
agement is low and the organization of technology innovation
needs to improve. Most coal enterprises do not use modern pro-
duction management models and are unable to maximize the
effectiveness of existing equipment.

The coal science and technology enterprise represented by
China Coal Technology & Engineering Group Corp. not only pos-
sesses common risk features of science and technology enterprises,
but also presents unique characteristics under the new situation.
Meanwhile, it is faced with new development opportunities and
multiple threats and challenges; therefore, it has important signif-
icance for the identification and evaluation of risk factors. Theoret-
ically, a system can implement a comprehensive risk evaluation
index system only with multiple risk factors; however, multiple
factors will result in a juxtaposition of risk factors at different
levels and even similar risks. Therefore, independence of the sys-
tem will reduce greatly. Some tiny risk factors have no obvious
influence on enterprise strategic risk [1–3], so it is necessary to
eliminate or integrate excessive risk factors and maintain only
the key risk factors. In this way, a concise evaluation index system
can be established. This paper mainly analyzes risk factors that
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affect the development of coal science and technology enterprises.
By combining with membership degree analysis and reliability
testing, this paper demonstrates the elimination of redundant risk
factors under dual analysis. The possible redundant variables in the
questionnaire are screened to remove redundant variables. Factor
analysis is conducted for questionnaire data. The risk factors are
classified and the risk evaluation index system is finally
determined.

2. Strategic risk sources and index system

2.1. Analysis of strategic risk sources

Due to the uncertainty in the external environment and the
complexity of the internal environment, the risks to coal science
and technology enterprises are increasingly becoming serious. To
effectively reduce risk, experts must analyze the risk sources, focus
on the risk management issues, and develop a risk management
system. There are four primary drivers of risk for China’s coal
science and technology enterprises:

(1) In a low carbon economy, with the promotion and applica-
tion of new energy sources and changes to global energy
supply and demand, China’s traditional coal industry faces
great pressure and challenges in development due to the
influence of the macro-economy and industrial cycle. Coal
science and technology enterprises provide long-term ser-
vices for coal enterprises and its industrial structure is sin-
gle; therefore, its operation situation depends on the coal
industry to a large extent and the different degrees of mar-
ket supply and demand cycles will affect profitability.

(2) Competition has intensified both in China and abroad.
Owing to the entrance of overseas engineering companies
and an increase in private exploration and design corpora-
tions, China’s coal exploration and design corporations face
significant competition in a wide range of products and ser-
vices. With abundant capital, advanced high and new tech-
nology, mature management models, exquisite marketing
means, profound enterprise culture, and mature interna-
tional experience, transnational corporations compete with
China’s coal science and technology enterprises in various
aspects via their powerful advantages.

(3) Most coal science and technology enterprises are rooted in
China’s old technological regime and marketing environ-
ment. With a single property right structure and the domi-
nant position of state-owned stock, they have neither
realized a diversification of investments nor formed effective
corporate governance structures. A lack of effective produc-
tion, safety, and quality management means that most coal
science and technology enterprises are weak in marketing,
enterprise information systems, product cost accounting,
investment income, and risk analysis.

(4) Research enterprises value short-term profits after system
transformation and seldom focus on R&D and services bene-
ficial to long-term development. After system transforma-
tion, the slow pace at which research conditions are
updated affects the output of R&D.

2.2. Establishment of a strategic risk evaluation index system

According to enterprise strategic risk theory and characteristics
of coal science and technology enterprises, 108 studies related to
enterprise strategic risk are classified and summarized via the
experience method [4–11]. Primary and secondary risk factors
most frequently observed in the studies are summarized and a risk

evaluation index system for coal science and technology enter-
prises is proposed. Strategic risk factors of coal enterprises are usu-
ally divided into three categories: the external environment,
enterprise competence, and enterprise resources [12,13]. Subordi-
nate to these categories are ten sub-categories, each with 37 speci-
fic risk factors, as shown in Table 1.

3. Method for risk evaluation index test

3.1. Reliability and validity analysis

Reliability, also known as dependability, refers to the credibility
of questionnaire items. There are many methods for analyzing reli-
ability, including Cronbach’s alpha and split-half reliability. The
most frequently used method at present is Cronbach’s alpha coef-
ficient method. The reliability coefficient should be between 0 and
1. If the reliability coefficient of a scale is above 0.8, then it indi-
cates a good reliability; if the reliability coefficient of a scale is
between 0.6 and 0.8, then reliability of the scale will be acceptable;
and, if the reliability coefficient of scale is below 0.7, then some
items of the scale should be discarded. The formula for Cronbach’s
alpha reliability coefficient is

a ¼ k
k� 1
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where k is the sample number, r2
T is the variance of the total sam-

ple, and r2
i is the variance of the current observed sample.

3.2. Membership degree analysis

In a fuzzy set, each index factor has a certain membership rela-
tion with the variable; that is, membership degree. Absolute mem-
bership relation is recorded as Ri = 1 and absolute no membership
relation is recorded as Ri = 0. Such a fuzzy degree is expressed with
membership degree and the value range of membership is
Ri 2 [0,1]. High Ri means high membership degree and closer rela-
tion, whereas low Ri represents a low degree of dependence
between this factor and the fuzzy set, and small relevance. Based
on the analysis of 280 questionnaires, this paper adds 1 to the Ri

value of the factor that is considered to be ‘‘consistent” or ‘‘very
consistent”; otherwise, no point is added. The 280 respondents
were asked to mark the same factor and the total score was
recorded as Ci. The result of dividing Ci by 280 is the membership
degree Ti of this factor to the fuzzy set. The Ti value is compared
with threshold value k (according to the industrial standard,
threshold value k = 0.3). If Ti is greater than k, then it indicates a
good membership degree and this index is important; however,
if Ti is lower than k, then this index should not be retained.

3.3. Factor analysis

Factor analysis refers to the statistical technique of extracting
common factors from group variables and it can find hidden repre-
sentative factors among many variables. By classifying variables
with the same nature into one factor, the number of variables
can be reduced and hypotheses about the relation among variables
can be verified. Risk factors of coal science and technology enter-
prises are usually divided into three categories: the external envi-
ronment, enterprise competence, and enterprise resources.
Subordinate to these categories are ten sub-categories, each with
37 specific risk factors. Factor analysis is required to verify whether
this hypothesis is the optimum classification assumption.

The possibility test of factor analysis often adopts Bartlett’s test
of sphericity and the Kaiser–Meyer–Olkin Measure of Sampling
Adequacy (KMO). Bartlett’s test determines whether data required
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