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Abstract 
Over the past 30 years, private enterprises in China have emerged as key drivers of the nation’s economic 
development. However, challenges remain in effectively fulfilling their social responsibilities. Charitable donations 
serve as one of the most tangible indicators of social responsibility. Consequently, the relationship between private 
enterprises’ social responsibility and their financial performance has been a central topic in corporate management 
for over two decades. This study employs cosine similarity (CS) and minimum spanning tree (MST) methods to 
model the relationship between charitable donations, providing a framework to indirectly explore the connection 
between corporate social responsibility and charitable contributions in pursuit of the common prosperity goal. 
Experimental results demonstrate that this approach significantly outperforms traditional single-similarity 
modeling techniques, offering robust generalization capabilities. From a sports perspective, these findings provide 
insights into fostering community engagement and ethical practices among sports organizations. By emphasizing 
social responsibility through initiatives such as charitable donations, sports entities can enhance their societal 
impact, promote teamwork values, and contribute to the broader goal of common prosperity while building stronger 
ties with their communities. 
Keywords: Common Prosperity, Private Enterprise, Social Responsibility, Charitable Donations. 
 

1. Introduction

Private enterprises have made great contributions to 
my country's economic and social development and are 
an important part of my country's market economy, but 
they also face many bottlenecks and practical 
challenges in the process of development, especially in 
the process of operation and management. These 
short-term behaviors lacking social responsibility have 
become a serious obstacle to the healthy development 
of private enterprises (Noe & Forgione, 2014).  A large 
number of problems such as management system, food 
safety, social donation, coal mine safety, and 
environmental pollution have aroused widespread 
attention (Guo et al., 2020; Liang & Renneboog, 2017). 
These negative problems all affect the health and 
sustainable development of private enterprises. The 
discussion on corporate social responsibility has not 
only attracted the attention of relevant experts and the 
general public, but also aroused the thinking of the 
business community and more and more business 
operators. It is important to measure the correlation 
between private corporate social responsibility and 
corporate financial performance. Also, it is a key issue 
to change the status quo of social responsibility of 
private enterprises (Baker & Dawson, 2020; Kuo et al., 
2021).  
Therefore, the relationship between the social 
responsibility of private enterprises and the financial 
performance of enterprises has become a hot research 
topic (Luo et al., 2015). The concept of "private" in 
private enterprise refers to "private operation"(Liu & 
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Lee, 2019), namely, unofficial organization and 
operation activities. The wave of privatization of state-
owned enterprises occurred in Germany and other 
countries (Jabeen et al., 2021; Nanayakkara & 
Sangarandeniya, 2021). Precisely because in most 
countries, the private economy covers most of the 
entire national economy, while private ownership is a 
common phenomenon, so the economy they study 
refers to the private economy. In our country, the 
concept of "private" came into being in the process of 
continuous reform and development of China's 
economic system. The private enterprises denote all 
enterprises except state-owned enterprises that are 
private enterprises, including urban and rural 
collectives (Feicht et al., 2016; Li et al., 2021). Based on 
this, the author believes that: the social responsibility 
of private enterprises means that private enterprises 
(Almunia et al., 2020; Lee et al., 2014) should also 
undertake corresponding social responsibilities to 
stakeholders (investors, employees, consumers, 
government, public utilities) when achieving profit 
maximization, including compliance with commercial 
Morality, protection of the legitimate rights and 
interests of workers, production safety, paying taxes 
according to regulations, donating to charitable causes, 
etc. The contributions of this paper can be summarized 
as follows. Firstly, we propose cosine similarity (CS) 
and minimum spanning tree (MST) models for private 
enterprises. Secondly, we qualitatively and 
quantitatively demonstrate the effectiveness of our 
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proposed cosine similarity. Thirdly, we point out the 
way of coordinated progress for the economic 
development of private enterprises and charitable 
donations. 

2. Related Works 

2.1 Establishment of the Social Responsibility 

Index System of Private Enterprises 

The social responsibility index system of private 
enterprises established in this paper is mainly based on 
the stakeholder theory. As shown in Figure 1, 
explanatory variables are set from the five aspects 
according to the classification of stakeholders in the 
previous article. 
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Figure 1: Social Responsibility Index System of Private Enterprises 

2.2 Establishment of Enterprise Financial 
Performance Indicator System 

In our study, we asset turnover rate, main business 
profit rate, and net profit growth rate as financial 
indicators to measure the operating ability, profitability, 
and growth ability of private enterprises. Besides, we 
measure the financial performance of enterprises in 
different aspects, which are used as explained variables 
like the social contribution rate to the government, the 
social contribution rate to employees, the social 
contribution rate to investors, the social contribution 
rate to philanthropy, the social contribution rate to 
consumers. The social contribution rates (i.e. GOVCR, 
EMPCR, NVCR, CHACR, CUSCR) are used as an 
explanatory variables (Jung et al., 2017; Xu et al., 2022) 
without considering the impact of different scales of 
private enterprises on their data collection. On this 
basis, we select the total assets as a control variable in 
this paper. 
2.3 Construct the Complex Financial Network for 
Private Enterprises 

In recent years, a large number of achievements have 
emerged in the systematic research and risk 
management of financial markets using complex 
network methods as tools. However, most of the 
existing studies utilize the market as the standard for 
the selection of empirical objects. Besides, they mainly 
focus on the foreign exchange market, currency market 
and securities market. While the role of private 
enterprises in the financial market is less involved. One 
of the disadvantages is that most domestic fund 
companies are not listed. Therefore, they cannot be 
incorporated into complex networks and they cannot 
give full play to the advantages of complex network 
methods in analyzing the complexity of financial 

markets. (Kennedy, 2022; Yeasmin & Koivurova, 2021). 
At the same time, it is challenging to use the time series 
of charitable donation prices of private enterprises to 
calculate the correlation between them cannot truly 
reflect their business relationship and describe the true 
propagation path of financial risks (Arya & Mittendorf, 
2015; Haruvy & Leszczyc, 2021). To tackle the issue, we 
preserve the integrity of the complex system of the 
charity market to the greatest extent, and accurately 
describe the real relationship between private 
enterprises and companies. On this basis, this paper 
proposes to take the portfolio of assets held by fund 
companies as a sample, and use the investment 
portfolio between fund companies. Cosine similarity is 
used to calculate the correlation between fund 
companies, and to explore the complex relationship 
between Chinese fund companies from the perspective 
of institutional asset positions (Savary & Goldsmith, 
2020). Actually, cosine similarity is a clustering 
algorithm, which has been widely used in text space 
indexing, semantic similarity calculation (Saxton et al., 
2014; Yen & Zampelli, 2014). Cosine similarity is also 
increasingly used in the field of financial research, such 
as predicting stock price trends based on the improved 
time similarity measure of cosine similarity (Long & 
Yang, 2016). While the MST methods re the most widely 
used among the methods for constructing complex 
networks in financial markets (Denis et al., 2020). 
Commonly used algorithms include Kruskal's 
algorithm and Prim's algorithm. The basic idea is to 
include 𝑁(𝑁 − 1)/2  Filter out 𝑁 − 1 connected edges 
from the network of connected edges, where 𝑁  is the 
number of nodes in the network. Besides, we aim to get 
a network with the smallest total distance. The MST 
method can effectively filter the noise in the network 
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and retain the most effective information in the 
network. Therefore, this paper adopts the MST method 
to construct a complex network of fund companies 
(Elfenbein & McManus, 2010). 

3. Methods 

3.1 Cosine Similarity 

The cosine of the angle between two 𝑛 dimensional 
sample points 𝑋(𝑋11, 𝑋12, 𝑋1𝑛) and 𝑌(𝑦21, 𝑦22, 𝑦2𝑛) is 
defined as: 

𝑐𝑜𝑠( 𝜃) =
∑ (𝑥𝑖×𝑦𝑖)𝑛

𝑖=1

√∑ (𝑥)2𝑛
𝑖=1 ×√∑ (𝑦)2𝑛

𝑖=1

                         (1) 

The cosine value is in the range of [−1,1] . In the 
empirical study of this paper, 𝑋  and 𝑌  represent 

different fund companies, 
𝑋(𝑋11, 𝑋12, 𝑋1𝑛) and 𝑌(𝑦21, 𝑦22, 𝑦2𝑛)  represent 𝑋  and 𝑌 
respectively. The types of assets invested and their 
weighting in philanthropy. When the two investment 
portfolios are completely opposite, that is, under the 
condition of short selling mechanism, 𝑋 and 𝑌 hold the 
same combination and weight, one of them is buying 
and the other is shorting. In this case, the similarity 
between 𝑋 and 𝑌 is - 1; When the portfolios of 𝑋 and 𝑌 
are completely different, the similarity between 𝑋 and 
Y is 0; when the portfolios and weights of 𝑋 and 𝑌 are 
exactly the same, the similarity between 𝑋 and 𝑌 is 1. In 
our study, Figure 2 illustrates the financial market 
response mechanism communicated by the central 
bank, while Figure 3 shows the monetary policy 
implementation report and the tone of each part.  
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Figure 2: Financial Market Response Mechanism Communicated by the Central Bank 

3.2 Semantic Similarity 

(2015) The semantic similarity of text is calculated 
using the cosine similarity method, which is based on a 
term-document matrix, where the rows of the matrix 
represent documents, the columns represent words, 
and the elements represent the frequency of words in 
each document. Any two documents d 1 and d 2 (any 
two rows) can be calculated according to formula (2) to 
calculate the cosine similarity: 

 Similarity 𝑑1,𝑑2
=

∑ 𝑓𝑤,𝑑1
𝑤
𝑤=1 𝑓𝑤,𝑑2

(√𝑓𝑤,𝑑1
2 )(√𝑓𝑤,𝑑2

2 )
                      (2) 

Among them, 𝑊 is the total number of words in the 
corpus, 𝑓𝑤 , 𝑑1  and 𝑓𝑤 , 𝑑2  represent the frequency of 
each word in documents d1 and 𝑑2, respectively. When 
𝑑1  and 𝑑2  use the same vocabulary and the same 
frequency, the cosine similarity value is 1. When 𝑑1 and 
𝑑2  use completely different vocabulary, the two 
documents are orthogonal, that is, the cosine similarity 
value is 0. In practice, the market usually compares the 
latest released monetary policy implementation report 
with the previous one and finds out the possible 
changes in the policy wind direction of the monetary 
authorities through item-by-item comparisons. 
Therefore, the similarity calculated in the empirical 
process of this paper is the similarity of two adjacent 
monetary policy implementation reports. In different 
studies, the semantic similarity of central bank policy 

announcements all shows a certain degree of temporal 
consistency. (2015) research shows that the average 
cosine similarity of the Fed Open Market Committee 
(FOMC) policy statement corpus is 0.65. However, the 
(2020) study found that the similarity of the Bank of 
Canada's policy statement was 0.25 on average, which 
changed greatly over time, and the overall fluctuation 
range was between 0.13 and 0.53. (2019) showed that 
the overall level of cosine similarity announced by the 
Monetary Policy Committee of the Central Bank of 
Thailand from 2010 to 2018 was between 0.5 and 0.9. 
Referring to the literature practice, this paper 
measures the semantic similarity of the Monetary 
Policy Implementation Report of the People's Bank of 
China from 2010 to 2019. Overall, the report has a high 
semantic similarity, with fluctuations ranging from 
0.88 to 0.94. In terms of parts, the fluctuation range 
(average) of the similarity of each part is 0.78-0.93 
(0.86) for the domestic economy, 0.78-0.90 (0.85) for 
the financial market, and 0.59 for the money and credit. 
-0.95 (0.83), economic outlook 0.72-0.91 (0.81), 
monetary policy 0.60-0.82 (0.72) and the global 
economy are all 0.56-0.56. 90 (0.72). Referring to 
(2020), on the trading days without the "Monetary 
Policy Implementation Report", this paper sets the 
semantic similarity to 1. The semantic similarity index 
can measure the central bank's financial stability 
communication behavior. The higher the semantic 
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similarity, the clearer the central bank's 
communication content. It will help the market 
understand policy intentions, reduce "noise" and 

maintain financial stability. Therefore, this indicator 
has no effect on the asset price level value, and has a 
restraining effect on the expected volatility value. 

 
Figure 3: Monetary Policy Implementation Report and the Tone of Each Part 

3.3 Minimum Spanning Tree (MST) 

In graph theory, an undirected graph that is connected 
and has no loops is called a tree. The minimum 
spanning tree is the tree with the smallest sum of edge 
weights in the graph. Building a financial market 
network through the MST method requires the 
following steps:   
(1) Calculate the correlation coefficient 𝑝𝑖𝑗   between 

nodes, and obtain a correlation coefficient matrix 𝐶 of 
𝑁 × 𝑁 (𝑁 represents the number of nodes). 
(2) Calculate the distance between nodes: 

𝑑𝑖𝑗 = √2(1 − 𝜌𝑖𝑗)                                    (3) 

The corresponding distance matrix 𝐷 can be obtained. 
Through the corresponding algorithm, the MST of the 
financial market is obtained. All MSTs constructed in 
this paper are generated by the Kruskal algorithm. 
3.4 Power-Law Distribution 

The degree distribution of a network node represents 
the probability 𝑝(𝑘)  of randomly drawing a node of 
degree 𝑘  from the network. A power-law distribution 
can be represented by the following formula: 

𝑝(𝑘)∞𝑘−1                                            (4) 
When the power exponent is in the value range of 2 <
𝑎 < 3, the degree of most nodes is very low, and only a 
few nodes are of high degree. Only in rare cases will all 
𝑘  obey a power-law distribution, usually only if 𝑘  is 
greater than some minimum 𝑘𝑚𝑖𝑛 . Under some specific 
conditions, it is more effective to use the cumulative 
distribution form of the power-law distribution to 
perform statistics on the data. This cumulative 
distribution can be expressed as:  

𝑃(𝐾 ≥ 𝑘) = (
𝑘

𝑘𝑚𝑚
)

−𝑎+1

, 𝑘 ≥ 𝑘𝑚𝑖𝑛                (5) 

where 𝑃(𝐾 ≥ 𝑘) is the probability that the degree of 𝑎 
node is greater than 𝑘, and 𝑎 is the power exponent of 

the power-law distribution.  
The probability p-value of the sample following a 
power-law distribution can be calculated by K-S 
statistics. A 𝑃value close to 1 indicates that the sample 
has a high probability of obeying power-law 
distribution; on the contrary, 𝑃 value close to 0 
indicates that the sample has a low probability of 
obeying a power-law distribution. 
3.5 Data Sources and Processing 

Private companies and the charities they manage will 
regularly publish quarterly and annual reports in 
accordance with regulatory requirements. Compared 
with the quarterly report, the annual report discloses 
more comprehensive data. Therefore, to maximize the 
construction of a complete complex network of the 
charity market, this paper selects the data of all 
charitable donations and bond varieties held by the 
asset portfolio in the 2018 annual report data of 
Chinese private enterprise companies as a sample. As 
of 2018, there were a total of 142 private enterprises in 
the charity market. Since some companies were newly 
added that year, or had not yet carried out charity 
management work, there was no data to provide. 
Therefore, this part of the sample was excluded, and 
123 private enterprises were finally retained. All data 
are from the Wind database. 

4. Experiments 

4.1 Cosine Similarity Calculation 

Since China's public charities generally do not use 
short-selling methods to obtain investment income, the 
cosine similarity between the 123 charitable 
companies included in this research sample is not less 
than 0, and the statistical results are shown in Table 1. 

Table 1  

Statistical Results of Cosine Similarity of Assets Held by Fund Companies 
 Maximum Minimum Value Mean Value Skewness Kurtosis 
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All Shares 0.69 0 0.08 1.41 5.18 
Debt Department 0.91 0 0.21 0.67 3.28 

Ticket 0.57 0 0.05 1.85 7.23 
 

From the results in Table 1, it can be observed that the 
cosine similarity distribution of the portfolio held by 
private enterprises does not obey the normal 
distribution. Among them, the average cosine similarity 
of the stock portfolio is 0.2185, the maximum value is 
0.8953; the average cosine similarity of the bond 
portfolio is 0.0632, the maximum value is 0.5617; the 
average cosine similarity of all investment portfolios is 
0.0912, the maximum value is 0.6772. Through the 
comparison, it can be found that the investment of 
private enterprises in charitable donations is relatively 
similar, and the investment styles are more similar. For 
bond investment, the similarity between different 
private enterprises is relatively low, and the investment 
difference is larger. The statistical results of the 
similarity of all investment portfolios of private 
enterprises are more similar to the statistical results of 
bond portfolios, indicating that bond investment plays 
a greater role in charitable asset allocation than 
charitable donations. It can also be seen from the 
distribution of cosine similarity (as shown in Figure 1) 
that the cosine similarity of holding all assets between 
private enterprises is more similar to the similarity of 
holding bonds. The cosine similarity value in these two 
cases Mainly distributed in the interval of 0~0.3. The 

cosine similarity of portfolios holding charitable 
donations has a distribution maximum around 0.24. 
The cosine similarity distribution of charitable 
donation portfolio and bond portfolio has obvious 
differences. The cosine similarity of charitable 
donation portfolio is mostly distributed between 0.1 
and 0.4.  
The overall cosine similarity of bond portfolio is 
relatively low, and with the increase of similarity The 
distribution gradually decreases. This is mainly 
because the investment risk of bonds is lower than that 
of stocks, and the profit method is mainly due to 
interest. Private enterprises have enough investment 
options to achieve expected returns. The number of 
institutions is not as large as that of charitable 
donations, so the investment of private enterprises in 
bonds is relatively decentralized. The price difference 
of charitable donations is the main profit-making 
method of charitable donations investment, and the 
shareholding of private enterprises is generally 
concentrated in companies with large market value, 
strong revenue capacity and good growth potential, 
resulting in relatively concentrated investment in the 
charitable donation market. Figure 4 shows the cosine 
similarity distribution of assets held by fund companies. 

 
Figure 4: Cosine Similarity Distribution of Assets Held by Fund Companies 

4.2 Degree Distribution of MST Network Nodes in 
Private Enterprises 

To investigate the node degree distribution of the 
charity MST network, this paper calculates according to 
formula (4), and the results are shown in Figure 5, 
Figure 6 and Figure 7. The p-values of the K-S statistics 
of the charitable MST network for all combinations, 
charitable donations and bond combinations are 0.88, 
0.92 and 0.10, respectively, indicating that the node 
degrees of all accepting MST networks obey the 
assumption of power-law distribution, and the power 
exponents are 3.03, 2.87 and 3.03, respectively. 2.84. 
The above results show that the distribution of node 

degrees in the charity MST network is very uneven, a 
few companies have very large node degrees and have 
a strong influence on the market, while most 
companies have relatively small node degrees and only 
a small number of adjacent nodes. The MST network 
power index of all asset portfolios of private 
enterprises is the largest, because the network 
contains the most abundant statistical information, and 
the correlation information between investment 
portfolios is fully exploited. 
The node degree of private enterprises obeys the 
power law distribution, which indicates that the 
investment portfolios of many charitable companies 
have a high degree of similarity, and their investment 
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styles have a strong "homogenization" feature. On the 
one hand, because China's fund market is relatively 
immature, the private enterprises' business 
development is relatively late, and the business 
coverage is relatively narrow. They pay more attention 
to hot industries and hot sectors, and they have 
insufficiently tapped those companies with long-term 
growth potential and have not yet formed a sufficiently 
differentiated product system. On the other hand, 

although China has cultivated many outstanding 
enterprises in the past 40 years of economic reform and 
opening up, compared with the huge supply side of the 
capital market, the investment scope of charitable 
companies is still limited. Due to the pursuit of profit by 
capital, investment projects with low risk and high 
returns are sought after by funds from all parties, thus 
increasing the business correlation between private 
enterprises.

 
Figure 5: node degree distribution of MST network of all asset portfolios of the fund 

 
Figure 6: node degree distribution of MST network of fund stock portfolio 

 
Figure 7: node degree distribution of MST network of fund bond portfolio 

5. Conclusion 

Firstly, we propose cosine similarity (CS) and minimum 
spanning tree (MST) models for private enterprises. 

Secondly, we qualitatively and quantitatively 
demonstrate the effectiveness of our proposed cosine 
similarity. Thirdly, we point out the way of coordinated 
progress for the economic development of private 
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enterprises and charitable donations.  
In this work, we regard philanthropy as a complex 
system and build the relationship between Chinese 
private enterprises from the perspective of complex 
networks. In our study, we propose cosine similarity 
(CS) and minimum spanning tree (MST) models for 
private enterprises. Then, then the structural 

characteristics of the complex network of charity are 
further discussed. Furthermore, we point out the way 
of coordinated progress for the economic development 
of private enterprises and charitable donations. It 
shows that a large number of private enterprises are 
centered on the most influential fund companies and 
form a central group. 
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