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Abstract: In recent years, as the global economy has entered the era of big data, the
importance of data management ability for Chinese enterprises in such fields as risk
prediction, business model adjustment and value discovery has become increasingly
prominent. Strengthening the capacity building of data management has become the key
point for enterprises to promote digital transformation. Enterprises should deeply
understand the inevitability of enterprise upgrading and transformation under the trend of
digitalization, seize the data factor market to cultivate new opportunities, enhance the
sense of responsible subject in managing and making good use of data resources,
strengthen the construction of data management professionals. It has become an
inevitable choice for enterprises to explore and develop the value of data, actively carry
out digital transformation and use data to drive business development. However, how to
improve the data management ability of the enterprise needs a more comprehensive
evaluation and analysis of its data management ability. Therefore, this paper will
evaluate the data management ability of manufacturing enterprises. Because people's
judgment of things is often unable to give a simple and quantitative accurate judgment,
but with certain ambiguity and hesitation, this paper will use PROMETHEE multi-
attribute decision making method under hesitation fuzzy language information
environment to evaluate and analyze ten selected manufacturing enterprise data
management ability from six aspects, and put forward relevant suggestions. The results
found that the top several enterprises perform better in frequency of using decision-
making process data and frequency of using working process data. Therefore, as China's
economy enters the era of big data, enterprises should make data management truly
become an important link in the decision-making and working process of improving their
data management ability, and more actively realize demand prediction and value creation
for enterprises through data-driven decision-making.
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1. Introduction

Today, data is not only a national basic strategic resource and an important factor of
production, but also a new engine to drive the economic development. With the vigorous
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development of digital economy, the multiplier effect of data on production efficiency has
become increasingly prominent. It has become an inevitable choice for enterprises to explore
and develop the value of data, actively carry out digital transformation and use data to drive
business development!'l. On this basis, in response to the new changes of the Chinese
economy, the 2017-2019 Government Work Report continuously mentioned the important
role of big data in China's economic development, and pointed out that China should
implement big data development action. Under the guidance and support of national policies,
the leading role of China's digital economy in economic and social innovation has been
continuously enhanced, digital development has become a social consensus, the value of data
elements has been continuously released, the market system of data elements has been
continuously improved, and the process of digital transformation has been steadily
accelerated™.

At the same time, more and more theoretical analysis shows that with the increasingly
extensive integration of big data technology and real economy, how enterprises use
increasingly large and diversified data information resources is no longer just a problem of
technological progress, but also poses new challenges to enterprise management practice
innovation®!. Li et al. (2021)™! believes that under the background of the COVID-19 epidemic,
emerging digital technologies has been recognized by the government. Therefore, traditional
industries must grasp the direction of digital development and accelerate the pace of
transformation. Chen et al. (2020)P! believes that, faced with the improvement of digitization
degree, enterprise management needs to strengthen the position of data collection, data sharing
and data analysis to realize the value innovation driven by big data. And Zeng et al. (2020)[
believes that under the condition of digital economy, enterprises will give birth to a new big
data management decision-making paradigm. Therefore, studying the data management ability
of enterprises from the perspective of micro enterprises has important theoretical value and
practical significance!”. Because people's judgment of things is often unable to give a simple
and quantitative accurate judgment, but with certain ambiguity and hesitation, this paper will
use PROMETHEE multi-attribute decision making method under hesitation fuzzy language
information environment to evaluate and analyze manufacturing enterprise data management
ability®). This paper refers to enterprise data management ability score index system
constructed by Li et al. (2020)P), evaluating the data management ability of manufacturing
enterprises from six dimensions, which is a total of eleven indicators. The specific structure is
as follows: Part 2 introduces the research methods; Part 3 is index selection, sample data and
empirical analysis; Part 4 is conclusions and policy recommendations.

2. Research methods

2.1. Entropy weight method

Entropy weight method is an objective empowerment method to determine the weight of
indicators according to the information provided by the index!!°!. This method does not require
any assumption of the distribution pattern of the data, and it is relatively simple to calculatel!!l.
With n enterprises and m indexes( There are all benefit indexes in this paper) to form the
original index data matrix. Then:



e Step 1: Calculating standardized values yi of the raw index data:

o Xij —min(x) (1)
" max(y)—min(y)

Where max(x) and min(x;) indicate the maximum and minimum values of the j-th index,
respectively.

o Step 2: Calculating the entropy value F; of the j-th index:
Hi=—ky_  pilnp; @)

Where p;; = y;/ Z'_il yi 3 And introduction constantk = (Inn)™' can ensure that it is satisfied
H; =1 when pj; of the j-th index is equal, this indicator cannot provide any information at this
point. When p; =0, let pyIn py =0, so that H;[0,1] .

e Step 3: Calculating the entropy weight Ww; of the j-th index:

o H_1-H 3)
O m - m
Zf:l(l_ﬂ) m_z_/:lH’

Where WjE[O,l] , and Z;ﬂzleﬂ :

2.2. PROMETHEE method of hesitation and fuzzy language
2.2.1. Relevant definition

e Definition 1:Let U be the set of language terms and Gy be the text free grammar, then
the element of the text free grammar Gu = (Vv,Vr,1,P) can be defined as follows: Vv
= { subject word, compound word, unitary relationship, binary relationship, conjunction};

Vr = {"less", "more", "at least", "at most", "between", "and"," 1o "," u1",..." U< "};
I Vv ; P={1refers to the subject word or the compound word; the subject word refers
to "uo","ur",...." U< "; the compound word refers to the unary relationship plus subject

word, or binary relationship plus conjunction plus subject word; the unary relationship
refers to"less" or "more"; the binary relationship refers to"between"; the conjunction refers
to"and"}.

e Definition 2:Let Ecs be a function that transforms the language expression [ € Uu
generated by the text free grammar Gr into the hesitant fuzzy language set Hu, U is
the set of language terms adopted by the grammar Gr, Un is the set of all the
expressions generated by the grammar Gr, then the language expression
generated by the generation rules of the grammar Gu can be converted into a hesitant
fuzzy language set through the conversion formula Ecxn :Un — Hu , where:

EGH(Ug ):{Ug’Ug EU}:



EGu (no more than U )={U ¢ | Us € U and Uz < Ua }

Ecu (less thanUa )=Usg | Us € U and Ug < U} ;

Ecu (no less than U )={U ¢ | Ug € U and Uz > U };

EGu (more thanUa y=Us | Uz € U and Uy > U} ;

EGn (between Ue andUp )= {U ¢ | Uz € U andUa < Uy < Up}.

e Definition 3:The positive ideal solution 4" and negative ideal solution A~ of the
hesitant fuzzy language are: A" ={ A", h>",.. 0"}, A ={h",h>,...,h'"}, where:

u 2w 2°°

. __max ij+ __max .
I=05sm M =iasm {u 57 }, for the benefit type attribute

hj+ I=1,...,#h)

U __min ij— __min .
=03 m h! =23, My } for the cost type attribute
I=1,...#h7
. __max j+ __max :
E=0sm M =025 {145[,.] } for the cost type attribute
: =1,....#h? .
Wi = I=0 iy j=12,...n

u

i=pe pit = é{ 5i }, for the benefit type attribute
1

T1L23,.m Tu Ti=12.3,.,m
I=1,...#hY

2.2.2. Hesitation fuzzy language PROMETHEE multi-attribute decision method based
on improved preference function

Hesitation fuzzy language allows decision makers to make qualitative description of objective
things in situations such as incomplete information and multiple different hesitant information
languages, meeting the needs of realistic decision-making process!'?!. The algorithm steps are
presented below:

e Step 1: Determine a scheme setAz{al,az,...,a } consisting of n schemes and an

n

attribute setC = {Cl,cz,_,,,cm} consisting of m attributes. The set of weights of each attribute

. T m
iSW = (wl,Wz,...,Wm) , where ) < w, <1 andzj:] w, =1

e Step 2: Use language expression to give qualitative evaluation of the performance of each
scheme @i under each attribute ¢; . Generate the language expression [/ according to

the text free grammar Gu  given in Definition 1.

e Step 3: According to the conversion function EcGs given in Definition 2, convert the
language expression [/ into hesitant fuzzy language set Hu

e Step 4: Let the number of hesitating fuzzy language
h' = {u(‘ﬁ, |l = 1,...,#hf} (i=1,2,...,m;j=1,2,...,n) represent the degree of

satisfaction of scheme a; on attribute ¢; . For each hesitating fuzzy language set, define



" [/
o/ = ZZ’I o, as the sum of all hesitating fuzzy languages in the set. The deviation of

any pair of schemes @, and @, onattribute c; is di(a;,a,)= ol —o¥(i,k=12,..,n).

e Step 5: Calculate its deviation d; = (4], 4;) .

e Step 6: Using the linear preference criterion function in the preference function, the strict
preference threshold takes v=@d,(4;,4;),0<@<1: when the difference between

727

f(a,) and f(a,) is O indicates that scheme @; is not different from scheme a, ;
when the difference between f(a,) and f(a,) is greater than @d (47, 4;) indicates
that scheme @, is strictly better than scheme a, . Therefore, the modified linear criterion

preference function is as follows:

0, d;(a;,a,)<0

L 4)
M,O<dj(aiaak)gedj(A;’A;)
60d; (4], 47)

L d(a,a,)>6d,(4,4;)

Pi(ai,ar) =

Under the benefit attribute ¢; , the degree to which scheme a; is superior to scheme a,

is expressed by the modified linear criterion preference function.

e Step 7: Determine the priority index 7(a;,a, ). The priority index represents the degree
to which scheme @, is superior to scheme @, . The closer it is to 1, the better scheme

a. is.

1

ﬂ-(ai’ak):z:n:lepj(aiﬁak) )
Where j=12,..,mik=12,..,n.

o Step 8: According to the priority index, calculate the outflow ¢+ (ai) and the inflow

¢ (a,) for each scheme:
¢'(a,)= 2:1:1 7(a;,a,) = Zln:l z:n:l w;p;(a;,a,) (6)
¢ (a,)= Z:n:l n(ay,a;) = Z; Z:n:l WP, (a;,a,) (7

Where j =1,2,...,m;i,k =1,2,...,n. ¢"(a,) indicates the degree of a, exceeding other

schemes; ¢ (a,) indicates the possibility of other schemes exceeding scheme a; .

e Step 9: Calculate the net flow of the scheme a; .



¢(ai) = ¢+ (ai) -9 (ai) (®)
The larger @(a;,) is, the better the scheme @, is. If @(a;) > @d(a, ), scheme a, is better

than scheme @, . Similarly, the full ordering of the scheme is obtained.

3. Empirical analysis

3.1. Index selection

Considering the scientific, operational and universal factors of data, combined with the
preliminary investigation and analysis of data management in manufacturing enterprises in
China, this paper constructs a score index system of enterprise data management ability of 11
indicators in six dimensions, including frequency of using decision-making process data,
frequency of using working process data, and prediction using statistical methods, so as to
evaluate and study the data management ability of manufacturing enterprises.The detailed
indicators are shown in Table 1:

Table 1. Indicators and data related to enterprise data management ability.

Indicator type

Index interpretation

Availability of decision-making process data

Whether the company can easily obtain the
relevant data in the decision-making process

Dependence degree of decision-making
process data

Dependence of enterprises in making decisions
based on data

Diversity of enterprise data collection subjects

Whether the enterprise collects data from
multiple channels

Performance indicators
from production

The frequency of data used in the enterprise
decision-making process as reflected by

technology/tools production technologies or tools
Formal/informal The frequency of data used by enterprises in
Frequency of feedback from the decision-making process according to the
using decision- management feedback from management personnel
making process Formal/informal The frequency of data used by enterprises in
data feedback from front-line | the decision-making process according to the
workers feedback from front-line workers

External data from
enterprises

The frequency of data used in the enterprise
decision-making process as reflected by the
external date from enterprises

Design of new products
and services

The frequency of data used by enterprises in
designing new products or services

Frequency of

using working Demand forecast

The frequency of data used by enterprises in
demand forecasting

process data Supply chain

management

The frequency of data used by enterprises in
supply chain management

Prediction using statistical methods

The frequency with which enterprises use
statistical methods to forecast their
development




3.2. Sample data selection

The data used in this paper are from CEES data jointly conducted by scientific research
institutions. In 2018, CEES reference to management organization practice survey
questionnaire design ideas of the United States in 2015, for the first time collected the data of
Chinese manufacturing enterprises about 11 indicators, and the relevant measures of data
management ability of 1942 effective samples were obtained. Ten of the manufacturing
enterprises are randomly selected as samples for evaluation and research.

3.3. Empirical analysis

First of all, we need to evaluate the data management ability of the selected ten manufacturing
enterprises. The evaluation indicators include above 11 indicators.

Therefore, the ten manufacturing enterprises are A = (A1, A,, Az, Ay, As, Ag, A7, Ag, Ag, Aqp)-
Evaluation index has 11 main attributes, namely "decision-making process data
availability"(c,), "decision-making data dependence"(c;), and then the remaining indicators
are c3 to cyq inturn.

e Step 1: The 11 attributes are assigned according to the entropy weight method, and the final
set of weights is
w= (0.0752,0.0724,0. 1821,0.0916,0.0921,0.0705,0.0985,0.081 0,0.0624,0.0885,0.0857)T .

e Step 2: The linguistic term set U of the above 11 attributes can be expressed as U =
{uo=worst, u1=worse, U>=bad, U;=medium, U.=good, Us=better, Us= perfect}.

e Step 3: In order to get a reasonable and comprehensive evaluation result, we set up a
decision-making group, which includes the experts in evaluating the data management
ability of enterprises, and each expert will evaluate the data management ability of each
enterprise. They may have different opinions on the performance of the data management
capabilities of different enterprises. For example, one expert might consider one of the
corporate decision process data availability performance as "perfect" and another person as
"better". If they fail to persuade each other to agree, then the result of this performance
evaluation is {us,ug}. If all decision makers agree that the company's demand forecast is
"better", then the assessment result is {us}. After the discussion of them, the qualitative
evaluation information of 10 banks' performance under 11 attributes is given by using
language expressions for the above problems.

e Step 4: According to the conversion function EGn, the expert's language expression [/
is transformed into the hesitation fuzzy language number, and then the hesitation fuzzy
language evaluation matrix Hu is constructed. As shown in Table 2:

Table 2. Hesitation fuzzy language evaluation matrix

C1 C2 C3 Cq Cs Ce C7 Cg Cy C10 C11
a;| {uo} {ue} {up, us} {uo} {uo} {uo} {uo} {ue} {ue} {ue} {uy, us}
ay| {uo} {ue} {up, us} {uo} {uo} {uo} {uo} {ue} {ue} {ue} {ue}

az| {upus) {ugusl  {upu}  {upw}l fupu} {upuw}d {upuw} {u,uw} {uyuw} {upu} {u,ul

a,| {ugus] {uy, us} {us} fupul {upud {upu} {upuw}l {upuw}l fupu} {upud {u,u}



as| {upus) {uusd {wow}  {ugd {us} {ue} {ue} {us} {upusd {ugpusd {ugu}
a| {uel  {upus}  {ugl} {us} {us} {us} fus}  fupud {upu} fupud {uod
a| {upu) {ud  {uwow}  {ue} {u} {ue} {u} fus}  fupusd {ugusd fugusd
ag| {uw}  {w}  {wpw} fupusd {ugd {wpusd {uwd {wpusd {wsd {wpusd {usd
ag| {us} fus} {upuwd {upw} fupud {upuwd {upud {upud {upw} {upud {ug,ugd

a;{ {uo} {u, v} {ug,ugd {uo} {uo} {up v} {u,uy} {uo} {uy, v} {uo} {uo}

e Step 5: Determine the 4" and A~ of the hesitant fuzzy language , where A" ={U,, Us,

U3’ U6’ U6’ U6’ U6’ US’ US! US’ US} s A_:{UO’ UO! UO’ UO! UO! UO! UOv UO! UOv
Uy, Uy} . These 11 attributes are all benefit attributes, therefore, calculate the difference
d; = (A*,A]-') between the 4" and A~ to further determine the preference function.

The degree to which scheme a, (i=1,2,3,4,5,6,7,8,9,10) outperforms the other scheme a,

(k=1,2,3,4,5,6,7,8,9,10) under the benefit attribute is calculated by the improved linear
criterion preference function. (Based on the need for the facts of the decision and the
investor's preference for the degree of strict superiority, let 8 =0.6) .

e Step 6: The priority index is calculated according to Formula (5).

e Step 7: The outflow ¢"(a,) and inflow ¢ (g,) are calculated according to Formula (6)

and Formula (7).

e Step 8: The net flow of scheme a; is calculated from Formula (8). The results are shown
in Table 3.

Table 3. Computing result

Outflow Inflow Net flow Ranking
a, 0.6426 4.4350 -3.7924 8
a, 0 4.8633 -4.8633 10
as 1.5698 24213 -0.8515 7
ay 2.9659 1.9559 1.0100 5
as 4.6261 1.0061 3.6201 1
ag 4.0913 1.6672 2.4241 4
a, 4.8817 1.4038 3.4779 2
ag 4.7100 1.3618 3.3482 3
ag 1.9365 2.4588 -0.5223 6
aqo 0.0857 4.2037 -4.1180 9

The full ranking of the available scheme is a5 > a; > ag > ag > a4 > a9 > az >a; > a >
a,. It can be seen that among the ten enterprises, enterprise as has the best data management
ability, and a, has the worst data management ability.

The enterprise with the best data management ability is a state-owned enterprise engaged in
the manufacturing of electronic devices and equipment. In the process of enterprise



development and digital transformation, state-owned enterprises can get more and more
national policy and financial support. And since its establishment, the enterprise has actively
responded to the initiative of digital transformation of manufacturing industry, made full use
of more adequate resource and policy support of state-owned enterprises, vigorously
developed digital technology, and applied big data to enterprise production, thus improving
production efficiency and data utilization rate. Therefore, enterprises as have good
performance in the four aspects of data availability in decision-making process, data
dependence in decision-making process, frequency of data use in decision-making process and
frequency of data use in working process.

The enterprise with the worst data management ability is a private enterprise engaged in
garment manufacturing with a small scale. In the process of improving the data management
ability, it obtains less policy support, and it is difficult to obtain sufficient capital and talent
investment. And private enterprises may pay less attention to government policies and have
lower sensitivity in their daily business activities, so it is weak in the acquisition and
application of data resources. It can also be seen from the score of data management ability
that enterprise a, is at a backward level in all aspects of data management.

And among the ten selected sample enterprises, even the enterprise which performs best under
the index of diversity of enterprise data collection subjects is only in the middle level. It can
be seen that manufacturing enterprises are generally weak in the diversity of enterprise data
collection subjects. This shows that at the present stage, there are still some shortcomings in
data management of Chinese manufacturing enterprises, such as the lack of data circulation
mechanism among enterprises and the low utilization rate of data, and its potential value needs
to be further explored.

4. Conclusion and suggestion

This paper uses PROMETHEE method based on hesitancy fuzzy language to measure the data
management ability of 10 manufacturing enterprises, and finally comes to the conclusion that
the data management ability of enterprises as is the best and the data management ability of
enterprises a, is the worst. As can be seen from the above, the top several enterprises have
good performance in frequency of data use in decision-making process and working process.
At the same time, the diversity of data collection subjects of the ten enterprises is insufficient.
In view of this conclusion, this paper puts forward the following three suggestions:

First, as China's economy enters the era of big data, enterprises not only need to develop the
fields of Internet and ICT, but also need to improve their data management ability and aiming
at the changing business environment of the digital economy, to make data management truly
become an important link in the decision-making and working process of enterprises!!*). And
as the "leader" of China's economic rise, state-owned enterprises want to achieve sustainable,
healthy and stable development, they must take into account the background of big data era,
find a development path in line with the actual situation, constantly improve their data
management ability, and maximize the economic and social benefits!'*l.

Second, under the economic background of digital transformation, the management practice
and innovation of Chinese enterprises will undergo important changes!'). In the new



economic environment, management practice should no longer be limited to tapping the
potential of the efficiency of enterprise production and operation organization process, but
should more actively realize demand prediction and value creation for enterprises themselves
through the effective application of multi-source heterogeneous data and data-driven decision-
making.

Finally, in the process of improving the data management ability of manufacturing enterprises,
the government should increase policy support to help enterprises in digital transformation.
Enterprises should also actively respond to the call of the government, increase capital and
talent investment, develop big data technology, and improve the ability of data resource
acquisition and application.

Data is not only a national basic strategic resource and an important factor of production, but
also a new engine to drive the economic development!'®l. It has become an inevitable choice
for enterprises to explore and develop the value of data, actively carry out digital
transformation and use data to drive business development. And strengthening the capacity
building of data management is the key point for enterprises to promote digital transformation.
Enterprises should deeply understand the inevitability of enterprise upgrading and
transformation under the trend of digitalization, seize the data factor market to cultivate new
opportunities, enhance the sense of responsible subject in managing and making good use of
data resources, strengthen the construction of data management professionals, truly give full
play to the empowering role of data in enterprise production and operation, continuously
improve the level of data management, and improve the endogenous motivation and ability of
digital transformation"”.
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