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An Investigation of the Relationship between Digital
Finance Development and SMEs’ Investment Efficiency
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Abstract—The digitalization of finance has shown many
benefits for firms in different areas worldwide, but whether it is
more of assistance or a hindrance to companies with existing
disadvantages in gathering finance is still to be questioned. This
paper explores the effect of digital finance development on the
investment efficiency of SMEs, treating digital finance
development as the independent variable and investment
efficiency as the dependent variable, with several other
controlled variables clearly defined. The paper uses OLS
benchmark regressions with a heterogeneity test, concluding
that the development of digital finance lowers the investment
efficiency of SMEs and is not affected by company size as a
controlled variable. Several potential reasons could lead to this
conclusion, which would be discussed in detail in the passage.

Index Terms—Digital finance, investment efficiency, firm size,
SME, benchmark regression, heterogeneity test, OLS
regression.

. INTRODUCTION

A. Background Introduction

If we are told to describe a global trend with the greatest
influence amongst all industries worldwide in the past 20
years, digitalization would undoubtedly be crowned as one of
the champions. Digitalization has increased efficiency in
various industries and administrations, and more importantly,
created various technological revolutions within the financial
sector, amongst which digital finance prospered. According
to previous research [1], digital finance is the new
methodology to provide financial services and create new
business opportunities via the internet to individuals and
groups. It has been promoted in many countries for its
convenient and cost-saving properties and is also noticed by
the UN as an ideal method to promote financial inclusion
which, as described by CGAP 2015.1 [2], means “the digital
access to, and the use of, formal financial services by the
excluded and underserved population”.

In the past one and a half-decade, China has been the
leading country in creating a leading digital economy
worldwide. According to the 2017 Digital Evolution Index
(DEI) [3] provided by the Fletcher School of Business, Tufts
University, the measurement of digital economy
development in China is reported to be ‘rapid’ and majorly
attributed to the great support of the policymakers. China is
also active in responding to the UN proposal of digital
financial provision, where the construction of a national
digital finance system has been swiftly established and has
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achieved great improvements in reducing the poverty gap as
well as providing actual assistance to underserved
populations and Small and Medium Enterprises (SMES).
Another research also proposed in 2019 [4] that investment
efficiency for SMEs is likely to increase due to the
construction of digital finance, which promotes firm
innovation and reduces production costs, leading to more
finance or purposes available for new investments. At the
same time, the authority of the traditional state-owned banks
is greatly challenged due to the complicated administration
process and high benchmark for obtaining new sources of
finance. [5] Digital finance increases transparency as well as
the cost of administration, putting pressure on traditional
state-owned banks to lower their barriers for company loans
and forcing them to digitalize to adapt to the surrounding
environment of fast-prospering digital finance. Policymakers
also favor digital finance development and have set up a
series of policies to assist firms, especially SMEs, to get
access to this service. Therefore, it is generally proposed in
previous academic papers that digital finance development
promotes investment efficiency in SMEs. This paper mainly
discusses whether the previously proposed positive effect of
digital finance development on SMEs' investment efficiency
could be proved, and if so, to what extent could it affect SME
investment efficiency.

B. The PUDFI Index and Its Function

One typical benchmark for measurement of the popularity
rate of digital financial coverage throughout China is the
Peking University Digital Financial Inclusion Index of China
(PUDFI INDEX), which measures popularity in coverage
breadth, usage depth, and digitization level where usage
depth involves sub-indexes such as payment, credit,
insurance, investment, and money funds. The panel data from
2011 to 2018 demonstrates a clear and continuous upward
growing trend, indicating an increase in coverage breadth,
usage depth, and digitization level for digital finance
coverage.

The trend of the Index’s average standard deviation is
demonstrated in Fig. 1, and it is obvious to see that the
standard deviation of the Index is stabilized around 18% and
has become relatively stable. This indicates that the
distribution of existing digital finance coverage is not
concentrated and is relatively dispersed throughout the entire
country, and as only 3 nullities are existing in the entire panel,
this proves that people from most of the regions in China can
get access to digital finance if necessary.

The Year-On-Year growth rate for PUDFI INDEX is
demonstrated in Diagram 2. The annual average of the index
remains to be positive despite moving in a downward trend.
As China is a country with nearly 15 billion people and
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different types of natural conditions where towns cities are
located remotely, the annual coverage growth is expected to
be gradually decreasing as it is more difficult for digital
finance propaganda and facilitation to reach those
destinations. Therefore, it could be observed from the
previous data that digital finance has been popularly
distributed throughout China, enabling most of the firms
nationwide could get access to digital finance easily.

C. Literature Review

Two pieces of literature are directly related to this study:
Wang 2006 [6] and a study performed by Beijing Technology
and Business University in 2021 [7]. Wang 2006 discussed
the relationship between the development of digital finance
over the operating efficiency of SMEs from 2011 to 2019,
which used an OLS model and a mediating effect model with
fixed effects during the analysis. It has a strong logic and
clear evidence for its calculations and would be most cited in
this paper for its theory part on the relationship between
digital finance development and firm development. The
study was done by Beijing Technology and Business
University in 2021 discussed the effect of digital finance
development on investment efficiency for all Chinese
companies that had gone public from 2011 to 2018. It showed
clear constructions on its calculation models and is the major
source of reference during the construction of variable
calculations. Quite a few other pieces of literature are
indirectly related to this study. Lu, Wu, and Liu investigated
in 2020 [8] the relation between Chinese bank concentration
and SME financing availability, and the role of digital
finance was majorly discussed between the relationship. It
provides methodological guidance and reliable result to refer
for this paper, as well as a logical reference for this paper in
exploring the relationship between traditional banks, SMEs,
and SMFI when digital financial is promoted and executed.
Lu, Wu, Li, and Nyugen [5] provided a closer exploration of
the relationship between traditional banks’ application of
digital finance and SME financing, stating clearly the logical
relation between the three parts and providing reliable results
and important literature for reference. Other literature
references in this paper include Ketterer’s in 2017 [9], which
described the general situation of the digital finance industry;
Bo 2019 [10]’s research on the Influence of Digital Inclusive
Finance on Financing Constraints of SMEs, despite highly
overlapping my current topic the methodology description
for this paper is not clear enough to demonstrate its logic, and
would only be one of the results references; Siddik and
Kabiraj [11] who discussed the general relation between
Digital Finance for Financial Inclusion and Inclusive Growth,
provided detailed methodology and logic and is useful for
discussing whether Chinese digital finance provision is
typical enough to represent world trend, etc.

Il. METHODOLOGY

A. Data Source

The source of data for the calculation of SME investment
efficiency comes from CSMAR, China Stock Market &
Accounting Research Database, which is a comprehensive
research-oriented database focusing on China's Finance and
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Economy. CSMAR was developed by Shenzhen CSMAR
Data Technology Co., Ltd based on academic research needs,
meeting with the international professional standards while
adapting to China’s features. Listed Stock Data from 2011 to
2018 within the Chinese SME board in stock exchanges
nationwide were extracted and carefully selected. Companies
labeled ST and PT are eliminated as well as those with
missing data. All companies in the finance sector are also
eliminated. A bilateral tailing treatment was applied to the
sample at the level of 1% and 99%, and 5096 qualified data
were observed.

The source of data for the measurement of digital finance
development was the PUDFI INDEX mentioned in Part 1,
with the data of each region from 2011 to 2018.

B. Model Design and Definition of Variables

To identify the relationship between digital finance
development and investment efficiency, the measurement of
investment efficiency must be defined, therefore the
measurement of New Investment must be constructed.
According to Richardson’s study in 2006, the New
Investments of a firm are divided into Expected Investment in
New Projects and Over-investment in New Projects. The
study calculated New Investment via subtracting net cash
receipt from the disposal of fixed, intangible, and other
long-term assets from cash paid to construct such categories
of assets,

PUDFI Index Growth Trend from 2011 to 2018
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Fig. 1. PUDFI index growth from 2011 to 2018.
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Fig. 2. Year-on-year growth rate for an annual average of PUDFI index.
Shown as in Equation (1) below:
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After obtaining new investment of each firm, the
calculation of investment efficiency should be derived from
the model proposed by Liu 2020 [12], which logically defines
the calculation of inefficient investment via adding up
investment scale, firm leverage, growth of income from
major service, age of the company, stock returns, new
investment together with fixed time and industry effects. The
absolute value of the residuals of the calculation is obtained,
and a larger value indicates a lower investment efficiency as a
large absolute residual is mostly caused by over-or
under-investment of the company.

The relationship between digital finance development and
investment efficiency is then proposed as Equation (2):

IE = aDFD + X + industry + year + A (2)

Investment efficiency is the dependent variable, calculated
before. Digital finance development is the independent
variable, which is measured by the method mentioned in the
previous paragraph.

Several potential controlled variables are to be determined
for the regression. Firm Age measures the firm’s age since its
IPO, as an elder and younger companies might adopt
different attitudes towards the usage of digital finance. The
age is then squared to form an independent controlled
variable Age-sq to test whether a quadratic relationship exists
between age and the dependent and independent variables
during the correlation. Firm size is measured by the level of
total asset, and the larger the firm size, the higher the
potential is for the firm to get access to digital finance. Firm
Leverage is measured by the level of debt, in this case, Ln
debt, the higher the leverage, the more eager the firm is to
obtain cash inflow; therefore, their consideration over digital
finance might change. Top 1 measures the share
concentration for the largest shareholder in the Board, and
SOE is a dummy variable that measures whether the firm is a

nation-owned firm (or a public firm), an international firm, or
a private firm. Board Size measures the share concentration
amongst the largest shareholders within the Board of
Directors, it measures the influence of the Board of Directors
over the decision making and production operations of the
entire company together with the Number of Independent
Directors. The salary of the company measures executives’
income, and ROA measures the firm’s profitability. Fixed
Industry Effect is considered during the calculation as
Industry, and Fixed Year Effect is considered during the
calculation as Year.

C. Descriptive Statistics

Before the regression, a descriptive statistic is produced for
each variable to observe their basic conditions. The results of
the descriptive statistics are shown in Table | below. it is
obvious to observe that the IE has a relatively large range
with a small mean and small standard deviation. This
indicates that the majority of SMEs experience relatively
high investment efficiency. The PUDFI INDEX Index shows
a relatively high standard deviation, with a value of 64.1703
which indicates that the correlation of the regression line for
the Index is not obvious, and the regression points plotted are
relatively dispersing. The mean, standard deviation as well as
the range for firm size (In asset) and firm leverage (In debt)
are very similar to each other, indicating that the selected
sample companies have similar size and leverage to each
other, which means that the sample is typical in representing
a particular type of company, in this case, the SME. The ROA
is the variable with the highest intercorrelation, as it has the
smallest standard deviation as well as the smallest range. It is
followed by the Number of Independent Directors and
Employee Salary, which also has a relatively small standard
deviation and range. The other variables do not demonstrate
obvious characteristics from the descriptive statistics.

TABLE I: DESCRIPTIVE STATISTICS FOR EACH VARIABLE

Variable Obs Mean Std. Dev. Min Max
Investment efficiency (IE) 5096 1.7349 4.1753 .0006 36.6238
PUDFI Index 5096 191.2465 64.1703 28.98 302.9827
Age 5096 5.1517 3.2723 0 14
Age-sq 5096 37.2459 38.8556 0 196
Ln asset 5096 21.7878 .953 19.0444 26.1516
Ln debt 5096 20.6334 1.3618 17.4067 25.9776
topl 5096 34.2534 14.6142 4.15 88.92
SOE=1 5096 .1648 3711 0 1
Foreign=1 5096 .0555 .229 0 1
Board Size 5096 8.3958 1.461 5 15
No. of Independent Directors 5096 3.0983 4637 2 5
Ln salary 5096 14.7773 .7373 11.9685 16.9982
ROA 5096 .0471 .0626 -.3281 2342

I1l. RESULT AND DISCUSSION

A. Benchmark Regression

To discover the relationship between the dependent,
independent, and control variables, benchmark regressions
are generated. The regression results are demonstrated in
Table Il below. Most of the variables show obvious
significance by the end of regression. The Aggregate Index,
which is the PUDFII values for each firm, shows obvious
significance at the level of p<0.01 for both including and
not-including controlled variables during the regression, with

a small coefficient of 0.0008 and 0.0009 separately. This
indicates that there is a significant effect from the PUDFII
index on the investment efficiency and then we should reject
the null hypothesis that at 0.01 significance level the
coefficient for the PUDFII index is O, indicating a positive
correlation. The regression of Age and Age-sq is also
significant at the level of p<0.01 which also indicates a
positive, quadratic relationship between investment
efficiency and firm age since IPO. Board Size and ROA are
both significant at the level of p<0.05, and leverage is
significant at the level of p<0.1, all positively correlated with
investment efficiency. The correlation of firm size, share
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concentration, employee salary, and the coefficient with
investment efficiency is not significant and therefore the null
hypothesis that these factors have a coefficient equal to 0
should be accepted. This indicates that these are the factors
that have no effects during the correlation of digital finance
on investment efficiency and should not be the focus of our
further research.

TABLE II: BENCHMARK REGRESSION RESULTS

@ @

OoLS oLS
VARIABLES Efficient Efficient
PUDFII Index 0.0057*** 0.0030***
(0.0008) (0.0009)
Age 0.2024***
(0.0467)
Age-sq -0.0097***
(0.0037)
Ln asset -0.1768
(0.1965)
Ln debt 0.2176*
(0.1258)
topl 0.0035
(0.0046)
SOE=1 0.0068
(0.1878)
Foreign=1 -0.2947
(0.2103)
Board Size -0.1689**
(0.0679)
No. of 0.3491*
Independent
Directors
(0.1905)
Ln salary -0.2021
(0.1261)
ROA -4.2454**
(1.7000)
Coefficient -0.2994 2.2576
(0.2802) (2.3696)
Observations 5,096 5,096
R-squared 0.0236 0.0409
Industry Effect Yes Yes

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

B. Heterogeneity Test

To test whether digital finance development could affect
investment efficiencies on SMEs to a different extent
depending on their company size, a heterogeneity test is
performed by generating a dummy variable D, which
classifies firms with total assets larger than or equal to the
median value as ‘Large Firms’, the remaining firms are
‘Small Firms’. Then the multiplication of D and the PUDFII
Index is denoted as Dummy # PUDFII and is added as a
second explanatory variable. If digital finance development
affects differently on Large and Small Firms, the result of the
test would show obvious significance in either of the
significance intervals and vice versa. The result of the
heterogeneity test is shown in Table Ill, and it is observable
that after adding in the dummy variable, the PUDFII Index
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and Age are still significant at the level of p=0.01 with a
positive coefficient, which means that there is a positive
correlation between the two variables and SME investment
efficiency. The profitability, calculated as ROA, Age-sq as
well as the Board Size are all significant at the level of p=0.05,
which means that they have direct correlations with the
dependent variable. The leverage, calculated as Ln Debt, as
well as the Number of Independent Directors, are significant
at the level of p=0.01, which indicates direct correlations as
well. Most importantly, DUMMY#PUDFII is not significant
at either interval, which means that digital finance
development would not exert different effects on SME
investment efficiency depending on their company size.

TABLE Ill: HETEROGENEITY TEST RESULT

1) (2)
oLS oLS
VARIABLES Efficient Efficient
PUDFII Index 0.0057*** 0.0031***
(0.0009) (0.0010)
Dummy 2.1917 0.6635
(1.9613) (2.0476)
Dummy # PUDFII -0.0080 -0.0027
(0.0074) (0.0077)
Age 0.2005***
(0.0490)
Age-sq -0.0095**
(0.0040)
Ln asset -0.1711
(0.2008)
Ln debt 0.2164*
(0.1265)
topl 0.0035
(0.0046)
SOE=1 0.0066
(0.1878)
Foreign=1 -0.2951
(0.2099)
Board Size -0.1687**
(0.0679)
No. of Independent 0.3483*
Director
(0.1906)
Ln salary -0.2005
(0.1267)
ROA -4.2570**
(1.7081)
Coefficient -0.2983 2.1212
(0.2945) (2.3877)
Observations 5,096 5,096
R-squared 0.0238 0.0409
Industry Effect Yes Yes

Robust standard errors in parentheses
K,k p<0101' £ p<0.05’ * p<0_1

IV. CONCLUSION

This paper aims to investigate the relationship between
digital finance development and investment efficiency in
SMEs. It uses OLS benchmark regressions to discover the
correlation between investment efficiency and digital finance
development as well as other controlled variables. A
heterogeneity test is then performed to confirm the validity of
the previous regressions. The regression results demonstrate
that investment efficiency is negatively affected by the
performance of digital finance and is not affected by the
factor of firm size, which is a contrast to the results from
previous papers. The financialization of enterprises might be
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the most important factor that leads to this result. China has
been promoting financialization within firms internally,
causing the prosperity of digital finance while making SMEs
to invest more conservatively, urging them to stabilize their
financial positions instead of making new potential
investments, lowering their investment efficiency.

This study could be improved by restructuring the database,
as there is a high potential that a significant portion of the
currently selected firms are not SMEs as they have grown to a
size and that makes them no longer suitable to be defined as
such. These companies might be more reliant on digital
finance for their cash inflow, as they must obtain new
investments regularly to finance existing and new projects
which would be most efficient and cost-saving if digital
finance is used. Other factors that are not considered in this
studies include policy changes, external shocks, and so on.
Future researches related to this area could shift focus to
SMEs’ detailed applications of digital finance and their
performance, or the effect of digital finance development on
various other factors than the controlled variables used in this
paper which has a potential to cause changes in SME
investment efficiency.
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