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The motivation of the paper is to find out the influence of demographic characteristic factors on employees’ career promotion in
China’s state-owned enterprises and study the relationship between promotion mechanism and enterprise benefits. More than
6,500 pieces of human resource data from China’s state-owned enterprises were studied. Logistic regression is adopted to
analyze the correlation between demographic characteristics and promotion. Meanwhile, different data mining methods are
used to summarize the characteristics of promotion. On this basis, this study uses the principal-agent model of game theory to
analyze the profits of employees and enterprises under different promotion mechanisms and demonstrates the conditions for
enterprises to obtain the maximum benefit from the employees’ promotion. The results provide a theoretical reference for the
assessment indicator selection of enterprise promotion and help executives better understand the impact of promotion
mechanism on enterprises and employees. The application of results can reduce the information asymmetry in promotion
incentive, prevent the emergence of adverse selection, and achieve a win-win situation for enterprises and employees.

1. Introduction

1.1. Research Background. Promotion is an essential organi-
zational process for both management and employees [1].
It mainly refers to the promotion of the staff post, namely,
transferring from the old post to another post to take on
more responsibilities. The promoted employees should bear
greater risk and liability; accordingly, they will have greater
power and enjoy better benefits. An excellent promotion sys-
tem can optimize the distribution of human resources and
bring benefits to the enterprise.

At present, some scholars [2] in Japan have carried out
empirical research: in many large enterprises in Japan,
employees prefer to get position promotion rather than a sal-
ary increase, that is, the promotion of position can make an
employee get more incentive than a salary increase. Many
large enterprises in China are similar to those in Japan. Par-
ticularly, some state-owned enterprises are owned by the
state, and their executives usually have the dual identities of
government officials and entrepreneurs ([3], even they are
more like officials than professional managers [4]. At the

same time, as the salaries of executives in state-owned enter-
prises are constantly transparent and standardized,
employees in state-owned enterprises will pay more attention
to the administrative rights and hidden benefits brought by
senior positions, which will also make promotion a very
important incentive for employees.

In fact, when considering the reasons for promotion, in
addition to the dimension of output or performance, there
are some employees’ demographic characteristic factors that
may affect the promotion. Generally speaking, demographic
characteristics are not obtained through employees’ hard
work in an enterprise but exist in employees objectively.
Demographic characteristic factors cannot represent
employees’ subjective ability improvement after they join
the work and are very easy to identify, such as gender, age,
length of service, and preemployment education. In many
large enterprises, especially some of the large state-owned
enterprises in China, the output or performance is not
directly proportional to individual promotion; some demo-
graphic characteristic factors may play a role in promotion.
When studying the promotion of officials in China (the
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promotion of state-owned enterprises is similar to the offi-
cials), some scholars (Rongrong [5]) analyzed the promotion
data of some officials in China from 1990 to 2013 and found
that some demographic characteristic factors, such as educa-
tion level, have a direct impact on promotion. In addition,
some studies (Shisong [6]) have also shown that gender is
highly correlated with promotion in large state-owned enter-
prises in China.

Whether demographic characteristic factors have an
effect on promotion in large state-owned enterprises is a very
important question. Because employees may feel that promo-
tion through demographic characteristics is unfair [7], the
fairness of promotion can lead to different incentives for
employees. Therefore, in order to improve the objectivity of
the research, the factors influencing the promotion can be
extended; some demographic characteristic factors can be
added to the promotion study as independent variables.

Besides the correlation research between demographic
characteristics and promotion, how to use the basic human
resource data to make verifiable generalization and predic-
tion of the prospect and characteristics of employee promo-
tion is a difficult problem that many enterprises and
consulting institutions have paid extensive attention to. The
data mining method [8] can be adopted to find potential
knowledge and patterns from a large amount of data, which
can enhance the informationization and intelligence of
human resource management, so as to effectively solve such
problems. Algorithms such as the decision tree, the random
forest, and the artificial neural network can be used to dis-
cover knowledge and patterns, making intelligent predic-
tions. At present, relevant scholars have used data mining
algorithms to study the influence that the joint effect of dif-
ferent factors has on promotion. For example, the C4.5 deci-
sion tree algorithm in classification is employed to find the
characteristics and rules of employee promotion and to pre-
dict the controllable accuracy of employee promotion
(Hamidah [9]). In addition, few researches have explored
the pattern and rule of employee promotion by using data
mining methods, especially the research based on the demo-
graphic characteristic factors as input.

Furthermore, game theory also plays an important role in
the study of employee promotion. The representative study
researches the incentive and cooperation of officials in the
promotion game with the promotion championship model
(Li’an [10]). However, the promotion game model studied
by many scholars at present is still mainly based on the linear
relationship between the subjective variables of employees’
effort or output and promotion [11], and the game analysis
is carried out according to different situations [12]. These
game studies rarely consider the role of other objective fac-
tors in promotion. In fact, different managers may adopt dif-
ferent assessment forms in the process of employee
promotion. For example, the assessment method mainly
relies on performance assessment and is supplemented by
age, educational background, and other factors. However,
such a detailed performance assessment will increase the eco-
nomic cost of assessment. Otherwise, in order to reduce the
economic cost of assessment, the employee promotion is
directly based on objective factors such as educational back-

ground, age, and gender. Different promotion assessment
methods will have different incentive effects on the
employees, so that the promoted employee will create differ-
ent values in the new position, which will affect the total
earnings of the enterprise.

1.2. Research Content. Based on a large amount of human
resource data of large Chinese state-owned enterprises, this
study used the method of logistic regression and the random
forest to analyze and find demographic characteristic factors
that affect promotion and then summarized the promotion
mode of enterprises. Then, based on the results of data anal-
ysis, this study establishes a promotion game model based on
the information asymmetry principle between enterprise
managers and employees, further analyzes the incentive
effect of different promotion assessment mechanisms on pro-
moters in different situations, and also elaborates the total
return of enterprises, thus triggering thoughts on the promo-
tion mechanism of enterprises and providing a theoretical
basis for enterprises to build a promotion system with bal-
anced resource allocation and the incentive function, so as
to create a virtuous circle for the development of enterprises
and employees. To be more clear, the study structure is
shown in Figure 1.

1.3. The Main Points. In this study, data mining and game
theory were used for empirical analysis, and the results
showed the following:

(1) Apart from the influence on performance, the age,
length of service, gender, and educational back-
ground of employees have a strong positive correla-
tion with their promotion. That is to say, in Chinese
state-owned enterprises, there are still promotion
mechanisms that take the demographic characteristic
factors of employees as the main factor

(2) Furthermore, different promotion mechanisms
require different costs and have different incentive
effects on employees, which will make promoters cre-
ate different benefits in the new positions and ulti-
mately affect the total benefits of the enterprise

(3) In order to maximize the total benefits of the enter-
prise, the total incomes of the promoted employee
in the new positions should be in direct proportion
to the difference of the possible benefits created by
the promoted employee under different promotion
mechanisms

2. Demographic Characteristic Factors
Related to Promotion

2.1. Factor Selection of Demographic Characteristics. This
study proposes the hypotheses for factors that may affect
promotion.

Hypothesis 1. There is a strong correlation between demo-
graphic characteristic factors (such as age, length of service,
gender, and educational background) and promotion.
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It is generally accepted that people with different levels
of education have different abilities and qualities. People
with higher educational backgrounds have stronger learn-
ing and working abilities and have higher probabilities of
cultivating excellent talents. Therefore, many enterprises
will pay less information screening cost if they choose
among those with higher education levels instead of those
with lower education levels. Recruitment is like this and so
is promotion. Some scholars have confirmed that the edu-
cation level sent a positive signal to enterprises, that is,
individuals have higher cognitive abilities and stronger
sense of responsibilities, which is conducive to the perfor-
mance improvement of enterprises [13]. Some scholars
adopted the education level as a formative indicator of
human capital and confirmed that the education level
had a positive impact on the welfare level [14]. At the
same time, the differences in employees’ academic qualifi-
cations, including those obtained in postwork continuing
education, can also directly reflect employees’ personal
demands which are reflected in their demands for promo-
tion. Highly educated employees have higher demands for
promotion. At the same time, their strong abilities and low
training cost have become consideration factors for the
promotion of employees.

Age and length of service sometimes can be regarded as
the measurement of work experience and social capital in
enterprises. With the accumulation of employees’ age and
working age, they will accumulate more work experience
and social capital in the enterprise, so that they are more
capable of creating benefits for the enterprise and thus get-
ting more promotion space.

Gender is regarded as a reference factor for promotion
in many enterprises, and many studies show that although

there is no gender difference in salary return for promo-
tion in many jobs, the promotion probability of women
is significantly lower than that of men [15]. According to
the theory of human capital, due to the influence of fertil-
ity, family division of labor, and other reasons, women
tend to invest more energy [16]. Since women do more
housework, they passively reduce their efforts to work in
the enterprise. In this case, their productivity is reduced,
and lower performance output than men appears, thus
reducing their chances of promotion. At the same time,
studies have shown that one of the possible reasons for
the low promotion rate of women is that women are sig-
nificantly more likely to withdraw from the labor market
due to family reasons than men. However, enterprises
need specific human capital investment before the promo-
tion of employees, which will reduce the rate of return on
investment of women in the workplace and thus lower the
value of training women [17].

2.2. Data Analysis. This study takes the human resource
data of a large state-owned enterprise in China as an
example for analysis. The data directly derived from the
employee management system of an enterprise through
project cooperation; the employee management system
records the employees’ information objectively and
updates the data in real time, which excludes the interfer-
ence of many subjective factors. We did data cleansing to
the original data, including data integration and construc-
tion of useful dimensions, to make the whole data tidy
and practical.

In all, more than 6,500 pieces of data were analyzed
here. The main data dimensions adopted in this study
include the age of employees, length of service in the
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enterprise, gender, and education level based on the above
analysis; among them, the education level is divided into
the highest degree and the first degree. The highest degree
is the final degree obtained by employees, which can reflect
their knowledge reserve. The first degree generally refers to
the degree obtained through the first curricula education
accepted after the national college entrance examination.
Many Chinese enterprises believe that the first degree can
also identify the basic quality and learning ability of an
employee. The target dimension is promotion; whether to
be promoted is based on the promotion to the middle man-
agement level of the enterprise as the threshold, because
when taking the middle management position in the enter-
prise, people will have a larger space to exercise manage-
ment power independently and give play to personal ability.

In the data sample, the ratio between the nonpromoted
and the promoted employees is 1 : 9, that is, there is a very
common problem in the study of promotion data: the num-
ber of the nonpromoted is much higher than that of the pro-
moted. If promotion is taken as the output, the serious
imbalance of dimension value will affect the objectivity and
accuracy of data mining results.

In this study, the k-means clustering method [18] is
adopted to try to solve this problem. A large number of non-
promoted employees’ data were analyzed by clustering that
based on the partition method, the highest similarity within
each cluster and the lowest similarity between clusters could
be ensured. Thus, random selection in proportion in each
cluster can effectively regulate the data of the nonpromoted
employee and finally make it similar to the total data of the
promoted employee.

For the convenience of follow-up research, some discrete
dimensions’ partitioning and assignment should be set to
ensure the accuracy of data analysis, as shown in Table 1.

Then, the age of promoters was analyzed, as shown in
Figure 2.

Figure 2 shows most promotions occur between the ages
of 40 and 50, and 46-48 is the most likely age to be promoted.
In Chinese state-owned enterprises, human capital is quite
important, which will become higher and higher with the
accumulation of time. A common phenomenon in state-
owned enterprises is that midlevel leaders are mostly elder
employees. Therefore, according to the principle that
employees retire at 60, it is reasonable for employees to
break through the threshold of promotion to leadership
at around 46.

Then, the promoters’ length of service was compared, as
shown in Figure 3.

Figure 3 shows most promotions occur almost between
the length of service of 20-28 years; like the age of promotion
above, this phenomenon is still the cause of human capital
accumulation. Then, the relationship between gender and
promotion was analyzed, as shown in Figure 4.

From Figure 4, we can find male employees are promoted
at a significantly higher rate than female employees. Then,
the relationship between first degree and promotion was ana-
lyzed, as shown in Figure 5.

From Figure 5, we can find the proportion of employees
with a higher first degree is significantly higher than that of

employees with a lower first degree. Then, the relationship
between highest degree and promotion was analyzed, as
shown in Figure 6.

From Figure 6, we can find the higher the employee’s
highest degree, the more likely he or she is to be promoted.

Then, by comparing the relationship synthetically
between different dimensions and the target dimension,
Figures 7 and 8 can be obtained.

Multidimensional scatter plot (a) and multidimensional
scatter plot (b) are, under the condition of first degree = 0
and first degree = 1, the relationship between age (x axis),
length of service (y axis), highest degree (big circle = 2, mid-
dle circle = 1, and small circle = 0), gender (square = 1,
circle = 0), and promotion (red = 1, blue = 0). It can be seen
that with the increase of age and length of service, the num-
ber of promoted people is increasing. The higher the degree,
the more people are promoted, and men are promoted far
more than women. In addition, through the comparison of
the two figures, it can be seen that the higher the first degree,
the higher the possibility of promotion.

After that, in this study, there are only two dimension
values in the target dimension, so we can use a logistic regres-
sion model to analyze the correlation between promotion
and factors including age, length of service in the enterprise,
gender, the first degree, and the highest degree. The method
of logical regression is suitable for the classification of dis-
crete values in the target dimension, and the calculated
regression coefficients can be used for correlation analysis
between different variables. The maximum likelihood
method is a suitable method to estimate all coefficients in
logistic regression. After calculation, the fitting information
of logistic regression is shown in Table 2.

In the model fitting information table, the significance
level value in the last column is less than 0.05, indicating
that the model has statistical significance and has passed
the test. In addition, its pseudo-r-square table is shown
in Table 3.

In the pseudo-r-square table, the three pseudo-r-square
values listed in turn are all low, with a maximum of 0.325,
indicating that the model has a general explanatory degree
for the variation of the original variable, and some informa-
tion cannot be explained, so the fitting degree is not very
outstanding.

Table 1: Dimension value partitioning and assignment.

Dimension Dimension value partitioning Assignment

First degree
Below bachelor degree 0

Bachelor degree or above 1

Highest degree

Below bachelor degree 0

Bachelor degree 1

Master degree or above 2

Gender
Female 0

Male 1

Promotion or not
Nonpromoted 0

Promoted 1
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The parameter estimation of the regression model is
shown in Table 4.

According to the significance test in column 7 of the
table, it can be seen that the significance levels are all less
than 0.05, indicating that the corresponding independent
variables have a significant impact on the dependent vari-
ables. As can be seen from the B value in column 2, the
length of service and age are positively correlated with
promotion. If “the first degree = below bachelor degree” is
set as the reference group, “the first degree =bachelor
degree or above” is positively correlated with promotion.
In other words, people with higher first degrees are more
likely to get promotion space, while those with lower first
degrees are the opposite. If “gender = female” is set as the
reference group, “gender =male” is positively correlated
with promotion, that is, men are relatively easy to get pro-
motion opportunities, while women are on the contrary. If
“the highest degree = below bachelor degree” is set as the
reference group, “the highest degree =bachelor degree”
and “the highest degree =master degree or above” are both
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positively correlated with promotion; as it is shown above,
the higher the highest degree is, the more likely one is to
be promoted. The promotion equation based on the logis-
tic regression model is as follows:

Promotion = 1ð Þ = 0:03936 ∗ length of service
+ 0:1024 ∗ age + 0:4417
∗ first degree = bachelor degree or aboveð Þ
+ 1:252 ∗ gender = maleð Þ + 2:749
∗ the highest degree = master degree or aboveð Þ
+ 1:131 ∗ the highest degree = bachelor degreeð Þ
+−7:751:

ð1Þ

In this study, the data set is divided into the training
set and the test set, and the logistic regression model

obtained from the training set above is brought into the
test set for precision verification. The accuracy is 78.9%
which is within a reasonable range. Therefore, Hypothesis
1 is verified.

Furthermore, in order to study the comprehensive
effect of the above factors on promotion and improve
the precision of data mining results, this study used the
methods of C4.5 decision tree, C5.0 decision tree, the sup-
port vector machine (SVM), and random forest (RF) to
analyze data. The random forest algorithm has good per-
formance for solving classification problems, its training
speed is faster, and the result is more accurate. Meanwhile,
because the target dimension value is discrete, we can also
use the method of decision tree for classification analysis,
while C4.5 and C5.0 are typical decision tree algorithms.
At the same time, under the existing amount of data,
SVM can also be better applied to classification problems
and have a strong learning ability.
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The employee’s age, length of service in the enterprise,
gender, the first degree, and the highest degree are taken
as input, and whether they are promoted is taken as out-
put. In order to increase the objectivity of the conclusion,
we selected different sample sizes for algorithm analysis.
Through the training of the models, the results are
obtained and the accuracy is checked in the test set, as
shown in Table 5.

As can be seen from Table 5, the random forest algorithm
is the most accurate in this study. Because random forest is a
classifier that contains multiple decision trees, and its output
category is determined by the majority of the output category
of each tree [19]. Compared with the traditional decision tree
algorithm, the analysis of the random forest algorithm is
more accurate and can prevent overfitting. The algorithm
works as follows.

Firstly, the bootstrap sampling technique is used to
extract N training sets from the original samples. Secondly,
the algorithm constructs the CART decision tree for each
training set and generates a forest composed of N CART
decision trees. Thirdly, the algorithm randomly selects mð
m <MÞ feature variables from all M feature variables.
According to the principle of the minimum Gini coefficient,
the characteristics of the training set are selected and inter-
nal node branches are carried out. Finally, the output of N

decision trees is set for voting, and the class with the most
votes is taken as the decision result of the random forest.

In the random forest algorithm, the Gini coefficient is
used to measure the effect of feature segmentation in node
segmentation. Suppose that there are K classes in sample D,
then its Gini coefficient is

Gini Dð Þ = 1 − 〠
K

k=1

Ck

D

� �2
: ð2Þ

In the above formula, Ck is a subset of the k class in D,
and K is the number of classes. If after a partition, the sample
set D is divided into m parts, D1,D2 ⋯Dm, the Gini coeffi-
cient of this partition is

Ginisplit Dð Þ = D1j j
Dj j Gini D1ð Þ + D2j j

Dj j Gini D2ð Þ⋯ + Dmj j
Dj j Gini Dmð Þ:

ð3Þ

The Gini coefficient is inversely proportional to the seg-
mentation effect. The value of the Gini coefficient can be cal-
culated to rank the importance of all features. The larger the
value is, the more important the feature will be.
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In this study, the promotion model of an employee in an
enterprise can be summarized through the random forest
model by the steps above.

The male employees with the first degree and the highest
degree of bachelor degrees or above and at the age from 41 to
52 are most likely to be promoted to middle-level leadership
in the enterprise.

The accuracy of this model is higher than the previous
logistic regression model. The result also shows demo-
graphic characteristics are helpful for promotion.

3. Research on the Promotion Mechanism
Based on Game Theory

3.1. The Influence of Different Promotion Mechanisms on
Employees. Based on the above research, it can be seen that
except the work performance or the level of effort, demo-
graphic characteristic factors may also become an important
condition for enterprises to select talents for promotion.
Based on the above data analysis and the field survey of enter-
prises, the study shows that when employees are promoted,
large enterprises have different promotion mechanisms,
which mainly include the following:

(1) Comprehensively and reasonably investigating
employees’ contribution, performance, effort, work-
ing status, and so on, making the best choice

(2) Promotion mainly based on demographic character-
istic factors, such as the educational background, age,
and gender

For the first kind, the enterprise may need a high screen-
ing cost for promotion, because the enterprise is essentially a
teamwork production; the products are produced by team
members’ work together, but as a result of the existence of
information asymmetry, it is difficult to depict each

2
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Figure 8: Multidimensional scatter plot (b).

Table 2: Fitting information.

Model
Model fitting criteria Likelihood-ratio test
-2 log likelihood Chi-square df Sig.

Intercept only 5019.676

Final 3187.831 1831.845 6 0.000

Table 3: Pseudo-r-square.

Cox and Snell 0.244

Nagelkerke 0.325

McFadden 0.202
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member’s individual contribution accurately; if the enter-
prise does so, the cost of supervision and identification of
marginal output will increase significantly. Therefore, it
becomes very difficult or even impossible to determine pro-
motion candidates based on marginal output and marginal
contribution.

However, the first promotion mechanisms will make
employees feel fair, which will stimulate the employees’
enthusiasm and improve the income of the enterprise.

For the second kind, although the screening cost of the
enterprise is low, employees will feel unfair and have neg-
ative emotions, which will reduce the work efficiency and
the income of the enterprise. Some scholars [7] found that
employees would compare their promotion approaches
with others and judge the fairness of promotion. Most
employees believe that factors such as work performance
could serve as the important basis for promotion. Other
scholars [20] found through research that the higher the
fairness of promotion perceived by employees is, the
harder they will work, thus bringing more profits to the
enterprise.

Therefore, the selection of different employee promotion
mechanisms will have an impact on the overall resource allo-
cation and revenue of enterprises. If there are problems in the
promotion mechanism, such as taking the demographic
characteristics of employees as the main factor of promotion,
employees will think that the enterprise lacks the fairness of
promotion, which will have a negative impact on employees’
work enthusiasm. In this way, employees who are promoted
by demographic characteristics rather than performance will

not be inclined to work hard in their new positions even if
they are paid more, because they will think such demo-
graphic characteristic factors will help them continue to be
promoted, and the higher salary is deserved after promotion.
Therefore, this promotion mechanism does not generate pos-
itive incentives for employees and eventually bring losses to
the enterprise. In some enterprises, managers do not have
rigid and clear promotion indicators and systems but pro-
mote employees through decision-making meetings or sub-
jective decisions of managers; that is to say, the two
promotion mechanisms may exist at the same time, or pro-
motion in the two mechanisms left and right sway, such
enterprises are most prone to the above problem, resulting
in the loss of corporate interests.

3.2. Promotion Game Strategy Based on the Maximization of
Enterprise Benefit. In the employee promotion, there is a
problem of information asymmetry that refers to the infor-
mation that some participants have in one aspect but others
lack or have no complete information (Weiying [21]). It is
an important factor that affects the efficiency of transactions,
especially for human capital transactions. Therefore, the
game theory of information economics has been introduced
into the promotion problem.

Based on the choice of different promotion mechanisms,
there is an important game between managers and promoted
employees. In large state-owned enterprises, many promo-
tion decisions are based on managers’ subjective decision
research, so there may be included different promotion fac-
tors, such as the employee’s performance and the

Table 4: Parameter estimation of the regression model.

Job level B Std. error Wald df Sig. Exp(B)
95% confidence interval for

Exp(B)
Lower bound Upper bound

Promotion

Intercept -7.751 0.353 482.015 1 0.000

Length of service 0.039 0.009 20.729 1 0.000 1.040 1.023 1.058

Age 0.102 0.011 92.501 1 0.000 1.108 1.085 1.131

First degree = below bachelor degree 0(b) . . 0 . . . .

First degree = bachelor degree or above 0.442 0.068 42.152 1 0.000 1.555 1.361 1.777

Gender = female 0(b) . . 0 . . . .

Gender =male 1.252 0.064 381.902 1 0.000 3.498 3.085 3.967

Highest degree = below bachelor degree 0(b) . . 0 . . . .

Highest degree = bachelor degree 1.131 0.078 211.468 1 0.000 3.097 2.660 3.607

Highest degree =master degree or above 2.749 0.148 343.395 1 0.000 15.627 11.684 20.900

Table 5: Comparison of algorithm accuracy.

Algorithm C4.5 C5.0 SVM RF

Accuracy (100% of total sample size) 75.3% 78.2% 77.4% 83.4%

Accuracy (80% of total sample size) 74.4% 77.6% 75.5% 82.8%

Accuracy (60% of total sample size) 74% 75.8% 75.2% 81.5%

Accuracy (40% of total sample size) 72.2% 74.5% 73.7% 81%

Accuracy (20% of total sample size) 71% 73.6% 72.8% 80.3%
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demographic characteristic factors; then, different types of
incentive are produced in the promotion, so how to use the
method of game theory to gain optimal benefits for enterprise
is a problem worthy of study.

In this study, we focus on the enterprises where the two
different promotion mechanisms exist. Based on the consid-
eration of enterprises’ overall benefits, we believe that the
benefits provided by the enterprise for promoted employees
are not the higher the better; high benefits do not necessarily
produce high incentives, so the benefits should be related to
those created by the employees in different working attitudes
and thus put forward the following assumptions:

Hypothesis 2. Different promotion mechanisms will generate
different incentives for employees. If the overall benefits of
the enterprise are to be optimal, the benefits provided by
the enterprise for promoted employees should be in direct
proportion to the difference of the benefits brought to the
enterprise by the promoted employees under different
incentives.

In order to prove the rationality of this hypothesis, this
study is based on the principal-agent model of traditional
game research [22]. Here, the client is the enterprise manager
and decision maker, and the agent is the employee waiting to
be promoted. There are two strategic spaces for enterprise
managers as follows:

First, enterprise managers should investigate the perfor-
mance, effort, and working status of employees comprehen-
sively and reasonably so as to screen the promotion of
employees, set as Y .

Second, enterprise managers screen the promotion of
employees mainly based on demographic characteristics, set
as N .

The promoted employees are also featured with two dif-
ferent strategic spaces before promotion: hard work for per-
formance or perfunctory work, when they are set as S and
T , respectively. In addition, we suppose the following:

(1) Compared with strategy N , the cost of enterprise
screening by strategy Y is h

(2) The overall welfare of the promoted employees after
promotion is w, and w > h

(3) Compared with strategy T , all efforts put by
employees into promotion using strategy S are set
as g, and w > g

(4) The income created in the new position by employees
who are positively motivated in promotion is v1. If
the enterprise can operate normally, the income is
expressed as v1 >w

(5) The income created in the new position by employees
who are not motivated in promotion is v2

It is assumed that the employees waiting for promotion
have certain human capital, such as long working years, the
gender of males, and advanced education, but the promotion
strategy adopted by enterprise managers is not completely
known by employees.

If the enterprise adopts strategy Y for screening, and
the working state of employees is T , the employees will
not be promoted, and their promotion utility is 0. In this
case, as the enterprise has lost some screening costs, it
gained −h.

If the enterprise adopts strategy Y for screening, and the
working state of the employees is S, their promotion utility
will be w − g. Besides, since strategy Y has positive incentives
for the employee, the enterprise will gain v1 −w − h after the
promotion.

If the enterprise adopts strategy N for screening, and the
working state of the employee is T , the employee will also be
promoted by demographic characteristic factors, since the
employee fails to make corresponding work effort g, and
the promotion utility of the employee is w. However, as
employees do not get positive incentives and the company
does not suffer from the loss of screening cost h, the enter-
prise gains v2 −w after the promotion.

If the enterprise adopts strategy N for screening, and
the working state of the employee is S, the promotion util-
ity of employees is w − g, since the employees really
worked hard and got the promotion, so employees will
mistakenly believe that they are promoted through hard
work. Therefore, they will still create v1 benefits in the
new position, and furthermore, the income obtained by
the enterprise is v1 −w.

To sum up, the following gamematrix is shown in Table 6.
When v2 −w ≧ −h, that is, v2 ≧w − h, the problem can be

expressed as the followingmatrix shown in Table 7, where there
is a Nash equilibrium solution of pure strategy (w, v2 −w).

However, there is a situation that can be commonly seen.
In other words, v2 without positive excitation will be
extremely small, and then, v2 <w − h occurs, as shown in
Table 8.

There is no Nash equilibrium solution of pure strategy,
and therefore, we need to study mixed strategies of the Nash
equilibrium. Suppose the probability of employees adopting
strategy T is x, then the probability of adopting strategy S

Table 6: Promotion game matrix.

Y N

T 0, −h w, v2 −w

S w − g, v1 −w − h w − g, v1 −w

Table 7: Nash equilibrium.

Y N

T 0, −h w, v2 −w

S w − g, v1 −w − h w − g, v1 −w

Table 8: No Nash equilibrium solution.

Y N

T 0, −h w, v2 −w

S w − g, v1 −w − h w − g, v1 −w
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and enterprise adopting strategy Y is 1 − x and y accordingly.
In this case, the probability of adopting strategy N is 1 − y.

Then, the expected profit of the enterprise is

μ1 σ1, σ2ð Þ = y −x ∗ h + 1 − xð Þ v1 −w − hð Þð Þ
+ 1 − yð Þ x v2 −wð Þ + 1 − xð Þ v1 −wð Þð Þ: ð4Þ

According to the definition of the Nash equilibrium,
given the employees’ mixed strategy (x, 1 − x), the value of
y is sought to maximize μ1ðσ1, σ2Þ. Therefore, in the equation
mentioned above, take the partial derivative to y and set the
equation as 0. Then, we can get x = h/ðw − v2Þ.

Similarly, employees’ expected profits after promotion
are

μ2 σ1, σ2ð Þ = x 0 ∗ y +w 1 − yð Þð Þ + 1 − xð Þ w − gð Þyð
+ w − gð Þ 1 − yð ÞÞ: ð5Þ

According to the definition of the Nash equilibrium,
given the enterprise’s mixed strategy ðy, 1 − yÞ, the value of
x is sought to maximize μ2ðσ1, σ2Þ. Therefore, in the above
equation, take the partial derivative to x and set the equation
as 0. Thus, we can get y = g/w.

Therefore, the Nash equilibrium solution of the mixed
strategy for this promotion problem is

h
w − v2

, 1 − h
w − v2

� �
, g

w
, 1 − g

w

� �
: ð6Þ

When bringing it into the expected profit of the enter-
prise, there is

μ1 σ ∗ 1, σ ∗ 2ð Þ = h
v2 − v1
w − v2

+ v1 −w: ð7Þ

Generally speaking, v1, v2, and h are relatively fixed
values, while the overall welfare given by enterprises to pro-
moted employees is a variable. Here, take the partial deriva-
tive to w and set it as μ1ðσ1, σ2Þ = 0. We can obtain the
following:

w − v2ð Þ2 = h v1 − v2ð Þ: ð8Þ

That is,

w =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h v1 − v2ð Þ

p
+ v2 ð9Þ

or

w = v2 −
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h v1 − v2ð Þ

p
: ð10Þ

From (10), there is v2 =w +
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
hðv1 − v2Þ

p
>w − h, which

contradicts the above condition v2 ≦w − h of mixed strategy
of the Nash equilibrium. Therefore, in order to achieve the
maximization of enterprises’ benefits, enterprises offer ben-
efits to the promoted employees, which should refer to
formula (9).

In other words, the total welfare provided by the enter-
prise for the promoted employees should be in direct propor-
tion to the difference of benefits brought to the enterprise by
the promoted employees under different incentives and also
in direct proportion to the promotion screening cost of the
enterprise. Therefore, Hypothesis 2 is verified.

4. Discussions and Conclusions

Overall, this study analyzed the demographic characteristic
factors that influence the employee promotion in state-
owned enterprises of China based on massive human
resource data and conducted empirical research on the fac-
tors of gender, age, length of service, and the education level.
The logistic regression method was adopted to verify the
strong correlation between these factors and the promotion
of an employee. At the same time, different classification
methods of data mining are used to analyze and summarize
the patterns and characteristics of employee promotion in
enterprises, which can be used for intelligent and informatio-
nized enterprise human resource management.

On this basis, the principal-agent model of game theory
is further employed to investigate the impact of different
promotion mechanisms on enterprises. The performance-
oriented and comprehensive employee promotion mecha-
nism needs high talent screening cost, but it will generate
positive incentives for employees, thus creating more bene-
fits for the enterprise. The promotion mechanism based on
demographic characteristics needs less screening cost, but it
will generate negative incentives for employees, thus reduc-
ing the benefits for the enterprise. Therefore, in this study,
the conditions for enterprises were analyzed to obtain the
maximum benefits when the enterprise chooses different
promotion mechanisms and employees choose different
work attitudes.

In theory, this paper provides a theoretical basis for
whether there are factors other than performance in
employee promotion. That is, employees’ demographic char-
acteristics have a great influence on promotion in large state-
owned enterprises in China, which can provide a theoretical
reference for the assessment indicator selection of enterprise
promotion. Secondly, this paper helps the executives of state-
owned enterprises better understand the impact of employee
promotion on enterprises and the significance of improving
promotion mechanism.

In terms of managerial implications, the paper finds out
the characteristics of employees promoted in state-owned
enterprises in China through the method of data mining,
which has a certain guiding role for state-owned enterprises
to summarize the law of employee promotion, carrying out
informationalized talent management and talent develop-
ment. In addition, our conclusions can provide a practical
basis for executives of state-owned enterprises to reduce their
labor costs and to enhance the allocation of human resources.
The executives of state-owned enterprises can take this study
as a reference to provide welfare benefits for promoters, so
as to ensure the maximization of profits of enterprises
under the influence of different promotion mechanisms.
The application of conclusion also can reduce the problem
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of information asymmetry in promotion incentive, prevent
the emergence of adverse selection, and achieve a win-win
situation for enterprises and employees.

However, data mining methods of our study have some
limitations. First, the dimension values of some dimensions
are not very average, for example, the proportion of men
and women is not quite equal in the gender dimension,
which will have a certain impact on the analysis results.
Second, since data of employee performance or output are
difficult to measure and obtain, the disturbance 1of
employee performance on promotion is not excluded when
analyzing the influence of demographic characteristics on
promotion. In other words, it is necessary to analyze the
influence of demographic characteristics on promotion
under the circumstance of the employees’ same or similar
performance level.

In the future research, we will further rationalize the data
preprocessing and obtain the data resources that can repre-
sent employees’ performance through enterprise research,
analyze the demographic characteristics of employees at the
same level of performance, and deeply study the relationship
between demographic characteristic factors and promotion.
In addition, we will continue to construct more interesting
factors and analyze their correlation with promotion, such
as the factors like employees’ prepromotion positions and
the relationship between promoted employees and senior
executives.
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