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With the gradual improvement of fuzzy set qualitative comparative analysis (fsQCA), it is introduced into more andmore fields to
analyze practical problems. -is paper calculates the total factor productivity index and analyzes its development trend based on
relevant economic development theories and China’s inter-provincial panel data from 1999 to 2019. We use the fsQCAmethod to
study the interaction of factors influencing total productivity in various regions. Two specific paths to improve total factor
productivity are obtained, which provide a reference for different areas to improve total factor productivity according to
local conditions.

1. Introduction

China’s economy has turned to high-quality development in
recent years, and economic growth has become a new
normal. With the arrival of Lewis turning point, the shortage
of labor in some specific areas is restricting the development
of the economy. China’s economy urgently needs to be
transformed. Romer reveals that total factor productivity
(TFP) is the only source of economic growth [1]. It is also
widely accepted that factors such as technical progress, ef-
ficiency improvement, and returns to scale are all the
contributions of TFP to economics. Does China’s financial
development meet expectations? Is the trend of total factor
productivity consistent with the previous study? What is the
driving mechanism of the growth of TFP? Trying to answer
these questions has become the focus of this article.

-e current total factor productivity measurement
methods mainly include the Solow residual value method
and frontier analysis method. -e former is the residual
calculation method of TFP proposed by Solow in 1957 [2].
Based on the neoclassical production function, the residual
value is obtained after excluding all factor inputs from the
total output growth rate, thus reflecting the growth of TFP.

-is method is simple and easy to implement, but the as-
sumptions are strict, and the empirical estimation may have
significant errors. -e frontier analysis method relaxes as-
sumptions, improves accuracy, and decomposes total factor
productivity, reflecting the economic growth in techno-
logical progress rate, scale efficiency, and technical efficiency
[3]. -e current mainstream analysis methods include the
stochastic frontier production function method (SFA)
proposed by Farrell and Charnes in 1957 and the data
envelopment analysis method (DEA) proposed by Aigner in
1978. After that, Fare combined the Malmquist index
method with data envelopment in 1994, making it the most
commonly used analysis method to measure efficiency.
Zheng and Xie (2011), Gao Fan (2015), Liu Wei (2018), and
other scholars all used the above methods to measure and
analyze total factor productivity [4–6].

In recent years, a handful of studies have examined the
influencing factor of TFP. Most research studies focus on
external factors such as industrial structure, urbanization
level, human capital, and government subsidies on total
factor productivity [3]. Some scholars empirically analyzed
the positive influence mechanism of factor endowment
structure, financial development, and technological progress
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on regional TFP and discussed the impact of these factors on
total factor productivity [7]. Also, some scholars explained
the influence mechanism from the internal structure of TFP
and concluded that the growth of TFP of industrial enter-
prises in China mainly comes from technological progress
[8–10].

However, few if any of these studies have explained the
growth path of total factor productivity under the combined
action of multiple influencing factors. -is paper thus at-
tempts to analyze the growth path of TFP when different
factors are used as core factors to provide a reference for TFP
growth and promote high-quality economic development.

2. Model and Data

2.1. DEA-Malmquist Index. -e Malmquist index was first
proposed by Swedish economist Sten Malmquist in 1953
[11]. -en, Carves applied the idea of scale factor to eco-
nomic analysis and constructed a distance function to

measure productivity index. However, there was no suitable
measurement method at that time. Until 1978, the Malm-
quist index became an important empirical index. -e
productivity index of Malmquist based on reference tech-
nology of T and T + 1 is as follows:
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where Dt
0 is a distance function based on output; x is the

input index; and y is the output index. According to the
excellent index idea of Fisher, we calculate the geometric
average of Mtand Mt+1 to measure the composite pro-
ductivity index:
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where Dt+1
0 (xt+1, yt+1)/Dt

0(xt, yt) represents the change of
technical efficiency, which indicates the change of possible
boundary distance from the decision-making unit to po-
tential optimal production. If the value is greater than 1, it
suggests the improvement of technical efficiency. At the
same time, the index can be divided into the change of pure
technological efficiency and scale efficiency, and technical
efficiency equals the product of pure technological efficiency
and scale efficiency. ((Dt

0 (xt+1, yt+1)/Dt+1
0 (xt+1, yt+1))∗

(Dt
0(xt, yt)/Dt+1

0 (xt, yt))) indicates the evolution of tech-
nical level. If the value is greater than 1, there will be
technical progress. -e TFP index equals the product of
technology efficiency and technology progress, which
measures the change degree of total factor productivity.

2.2. Methodology. Ragin first proposed the fuzzy set
qualitative comparative analysis method in 2008 [12]. -is
method was developed based on QCA. By using the set
theory configuration analysis method of Boolean algebra
and investigating the sufficient and necessary subset rela-
tionship between antecedent conditions and results, it can
explore how complex social problems are induced by
multiple concurrent causalities as a whole [12]. In recent
years, this method has attracted more and more attention
and recognition in social science. In organization and
management research, QCA provides new ideas and
techniques for explaining the complex causality of orga-
nizational practice, such as concurrent causality,

equivalence, and asymmetry [13–15]. -e fsQCA method
attempted to establish the logical relationship between
causal condition combination and expected results to ex-
plain facts and phenomena.

It is assumed that independent variables have an impact
on the dependent variable Y. In the past, some methods only
discussed the result of a single variable on the dependent
variable. Still, in the fsQCA, the variables can be combined in
pairs or work together to predict the value of the dependent
variable Y [16]. Variables need to be calibrated before using
fuzzy set analysis.

Calibrate(x, n1, n2, n3), (3)

where

x � original data,

n1 � completemembership point,

n2 � crossmembership point,

n3 � complete non − membership point.

(4)

After the calibration, the data are transformed into fuzzy
membership scores in fuzzy sets between 0 and 1 to generate
a truth table. Finally, the reliability of the results is discussed
according to the values of consistency and coverage. Con-
sistency corresponds to the set theory relationship expressed
in the case and solution [17]. Coverage is the relative im-
portance of different paths to the results:
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whereXi represents the member score of the case i in setX
and Yi means the member score of the case i in the result
condition in set Y. Generally speaking, if the consistency
value is greater than 0.8, it can be considered that the effect of
this path to explain the case is good. -e framework of the
fsQCA method is shown in Figure 1.

2.3. Variable Selection

2.3.1. Explained Variable: Total Factor Productivity. -e
Solow residual value method is simple and easy to imple-
ment. Total factor productivity is obtained by calculating the
output growth rate and subtracting the factor growth rate.
-e frontier analysis method decomposes the TFP from
technical efficiency, technological progress rate, pure tech-
nical efficiency, and scale efficiency. -ey reflect the actual
situation of economic growth. In comparison, the traditional
production function method is based on stricter assump-
tions, leading to significant deviations in actual estimation
results.-e frontier analysis method relaxes the assumptions
and helps improve the accuracy of estimation. -is paper
uses the DEA-Malmquist index method to measure the TFP
index.

-e data period in this article is from 1998 to 2019, the
output indicator is the gross domestic product (GDP) of
each province in China (note: to keep the time and region
dimension of data consistent with the following, the relevant
data of Tibet are not selected here), and the input indicator,
capital stock, is calculated using the total investment in fixed
assets, referring to Coe [18] and Zhang [19]. At first, we
calculate the capital stock with 1997 as the base period
according to Ki0 � Ii0/(g + δ), assuming that the economic
depreciation rate δ is 6% [20], where Ii0 is the total fixed-
asset investment in the base period and gis the economic
growth rate of the current year. Subsequently, we use the
perpetual inventory method to calculate the capital stock of
30 provinces (region or city) from 1998 to 2019. -e specific
calculation formula is as follows:

Kit � Iit +(1 − δ)Kit−1. (6)

-e labor input index selects the number of employees at
the end of the year. -e primary data come from the China
National Bureau of Statistics and the provincial statistical
yearbooks.

We use the software of DEAP (version 2.1) to calculate
the TFP index. -e total factor productivity and related
decomposition data from 1999 to 2019 are shown in Table 1.

As shown in Table 1, only six regions’ TFP index is less
than 1, and total factor productivity in most areas shows a
positive growth trend. -e results show that since
1999–2019, the internal driving force of China’s total factor
productivity growth comes from technological progress and

the improvement of technical efficiency. However, as shown
in Figure 2, we can see that the technology progress index is
greater than TFP index in only a few areas, so we can
conclude that the advancement of technological efficiency is
much more significant than technological progress.

2.3.2. Conditional Variable

Financial Development. -ere are many indicators to
measure financial development, and most of them use the
ratio of deposit and loan balance to GDP.-is article divides
financial development into two dimensions: development
scale (SFD) and development efficiency (EFD). -e ratio of
the loan balance to GDP is used to measure the scale of
financial development. Financial development efficiency is
the allocation of financial resources. Referring to the input-
output efficiency, we adopt the ratio of new loans to the
added value of the financial industry.

/e Level of Foreign Investment (FIL). -is article selects the
proportion of total investment of foreign-invested enter-
prises to GDP to measure the level of foreign investment. It
is converted at the exchange rate of RMB and US dollars in
that year.

/e Level of Government Expenditure (GEL). Generally
speaking, the more the government purchases, the greater
the total demand will be. Still, because the crowding-out
effect will hinder private investment and harm economic
growth, this article uses the general budget expenditure of
local finances in each region to the regional GDP to measure
government fiscal expenditure.

/e Intensity of Technological Innovation (TII). Science and
technology are the primary productive forces, and endog-
enous growth theory also believes that R&D is a vital driving
force for technological progress. -is article selects the
number of patent applications accepted per 10,000 people as
the proxy variable.

-e descriptive statistical results of each variable are
shown in Table 2. -e average value of the TFP index is only
1.1597, which means that the TFP had positive growth in
2019. -e maximum value of the index is 1.328, and the
minimum value is 0.966. Among the conditional variables,
the two variables of financial development efficiency and
technological innovation intensity have significant regional
differences, reflecting the contrasts of development levels in
different regions. Figure 3 shows the scatter plot of condi-
tional variables. It can be found that the more developed the
region is, the higher TII and SFD will be. Besides, the re-
lationship between financial development efficiency and
financial development scale changes in the opposite
direction.

3. Fuzzy Set Analysis

3.1. Variable Calibration. -e QCA method is based on set
theory. Before the discussion, it is necessary to calibrate the
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data and collect the data between 0 and 1. -e specific
method uses anchor points to determine each group of data
qualitatively and calibrate each group of variables to a fuzzy
set belonging to 0–1 by using three critical values: complete
membership point, cross membership point, and complete
non-membership point. Referring to the practice of Du [14],

this paper selects the 95th percentile, 50th percentile, and 5th
percentile as the anchor point to calibrate the data. -e
calibration anchor points of each variable are shown in
Table 3.

After calibration, according to the calculation principle
of Boolean algebra, we combine each conditional variable

Background Theories Data Selection

Multi-factor
Combination

Analysis

Single-factor
Necessity
Analysis

Data
Calibration

Robustness Test

Configuration
Matching

Figure 1: Process of the fsQCA method.

Table 1: Total factor productivity index and its decomposition (mean value).

Region Technical efficiency
index

Technology progress
index

-e pure technical efficiency
index

Scale efficiency
index Malmquist index of TFP

Beijing 1.024952 1.01281 1.010857 1.011857 1.002238
Tianjin 1.025333 1.014429 1.010952 1.010476 1.005095
Hebei 1.023 1.024286 1.007476 1.010762 1.00881
Shanxi 1.018952 1.026571 1.007238 1.010095 1.018762
Neimenggu 1.01781 0.977619 1.005286 1.007857 0.964952
Liaoning 1.015476 0.979429 1.006286 1.007286 0.971381
Jilin 1.014857 0.999286 1.005952 1.004524 0.998476
Heilongjiang 1.015286 1.001571 1.006667 1.004429 0.998333
Shanghai 1.014667 1.012286 1.008048 1.003095 1.013905
Jiangsu 1.005333 1.01419 1.000476 1.004333 1.011476
Zhejiang 1.007429 1.02481 1.003286 1.00319 1.021095
Anhui 1.006952 1.016952 1.00381 1.003524 1.014286
Fujian 1.003381 1.022 1.000333 1.004333 1.014571
Jiangxi 1.007095 1.013095 1.00381 1.002762 1.00881
Shandong 1.004381 1.021476 1.001952 1.002 1.018619
Henan 1.005381 1.01681 1.003619 1.001286 1.021048
Hubei 1.007905 1.023714 1.005476 1.001048 1.032476
Hunan 1.009286 1.019714 1.006952 1.000619 1.034
Guangdong 1.011952 0.985381 1.009 1.000952 1.002524
Guangxi 1.011571 0.98419 1.008143 1.000667 1.000476
Hainan 1.026524 0.970714 1.014381 1.010952 1.009238
Chongqing 1.019238 0.969095 1.009048 1.009667 0.99981
Sichuan 1.02719 0.978 1.011619 1.013952 1.018952
Guizhou 1.024143 0.982048 1.012286 1.011476 1.020286
Yunnan 1.02019 0.993619 1.005857 1.016905 1.026476
Shaanxi 1.017095 1.002952 0.998143 1.01719 1.033048
Gansu 1.019619 0.980571 0.997333 1.01919 0.999857
Qinghai 1.022238 0.986524 1.004667 1.017905 1.00519
Ningxia 1.031476 0.993714 1.007571 1.024667 1.014286
Xinjiang 1.038 1.005476 1.005714 1.027619 1.023143
Mean value 1.016557 1.001778 1.006075 1.008821 1.010387
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and set the acceptable combination number to 1 and the
consistency to 0.8. Finally, we calculate the truth table (as
shown in Table 4).

3.2. Necessity Analysis. After calibration, the necessary
conditions will be eliminated in the process of forming the
reduced solution. -erefore, it is essential to check the

necessity of each condition variable and determine whether
the condition variable is the necessary condition of the
result. According to previous studies, it is customary to use
the consistency of necessary conditions to judge whether it is
an essential condition and to what extent the fuzzy set of the
result is a subset of the conditional fuzzy set. Ragin [12]
believes that consistency can be significant only when it
reaches more than 0.9, indicating that independent variables

Table 2: Summary statistics of all the variables.

Variables Observations Mean Standard deviation Max Min
TFP 30 1.1597 0.0897 1.328 0.966
SFD (loan balance/GDP) 30 1.6160 0.4035 2.5713 1.0361
EFD (new loan/added value of financial industry) 30 2.1223 0.7669 3.5224 0.2196
FIL (total investment of foreign-invested enterprises/GDP) 30 0.5436 0.4560 1.7542 0.1238
GEL (budget expenditure/GDP) 30 0.2651 0.1092 0.6337 0.1200
TII (number of patent applications accepted/permanent population) 30 27.2623 25.5787 103.2479 5.7722
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Figure 3: Scatter plot of conditional variables. Note: TII corresponds to the secondary axis.
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Figure 2: Comparison of TFP index and technology progress index in different regions.
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are necessary results. Table 5 lists the calculation results of
the necessity test of each conditional variable. It can be seen
that the consistent impact of the five-dimensional elements
on the growth of TFP is less than 0.9. -e single variable is
not necessary for the result, indicating that a single-di-
mensional component does not determine the development
of total factor productivity.

3.3. Configuration Analysis. We use software of fsQCA
(version 30) to analyze the standard of the calibrated truth
table, and we can get three schemes with different condi-
tions, namely, complex solution, economical solution, and
intermediate solution. -e complex solution is a path re-
flected by all conditional variables without simplification
and the logical remainder, so its universality is not high.
After simplifying the result, the parsimonious solution is the
decisive influence path; the intermediate solution is between
the two, and the edge condition is added based on the re-
duced solution, which is universal. -e configuration results
obtained after standardized analysis are shown in Table 6.
-e overall consistency is 0.8958, and the coverage is
0.698363. -e results meet the qualitative analysis standards
proposed by Woodside and Zhang [21], and the conclusions
are representative.

According to the core conditions in 4 configurations in
Table 6, Figure 4 shows 2 significant paths to achieve high
TFP growth.

(1) Finance-Policy Correlation Driven. According to
configurations 1 and 2, high financial development
and policy factors are the core conditions for total
productivity growth. -e results show that for some
inland areas, such as Hebei, Guizhou, and Jilin, even
if the terms of foreign trade are not prominent, we
can still effectively promote the improvement of total
factor productivity by improving fiscal expenditure
support and increasing financial aid. Among them,
financial support depends more on the progress of
fund use efficiency.

(2) Finance-Investment Correlation Driven. Configura-
tion 3: SFD ∗∼EFD∗ FIL∗GEL, shows that higher
financial development scale factors, international
factors, policy factors, and non-high financial de-
velopment efficiency are the sufficient conditions for
higher total factor productivity, among which fi-
nancial development scale and foreign investment
level are the core conditions. It shows that even if the
financial development efficiency is low and the policy
fiscal expenditure level is not prominent, the regional

Table 4: Coding results.

SFD EFD FIL GEL TII Number TFP Raw consistency
1 0 1 0 1 2 1 0.984014
1 0 1 1 1 1 1 0.975207
1 1 1 1 0 1 1 0.967213
1 1 1 0 1 2 1 0.951699
1 0 1 1 0 2 1 0.948399
0 1 0 1 1 1 1 0.945455
0 1 0 1 0 2 1 0.920896
1 1 0 1 0 2 1 0.919328
0 0 0 1 0 2 0 0.893023
0 0 1 0 0 1 0 0.884956
0 1 0 0 0 1 0 0.854331
0 1 1 0 1 1 0 0.84233
0 1 0 0 1 2 0 0.830925
0 0 1 0 1 2 0 0.780731
1 0 0 1 0 3 0 0.76155

Table 3: Calibration anchor point for each variable.

Variables Dimension Index
Anchor point

Completemembership point Crossmembership point Complete non-
membership point

Conditional
variables

Elements of financial
development

SFD 2.46158 1.54185 1.05102
EFD 3.37684 2.24703 0.636

Elements of
international
cooperation

FIL 1.63713 0.32501 0.13877

Elements of policy GEL 0.53444 0.23434 0.12408

Elements of
technology

TII (item/
10000

persons)
85.05373 15.86548 6.7058

Result variable TFP 1.31865 1.1425 0.99515
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total factor productivity can still be improved by
increasing the total financial credit expenditure and
enhancing foreign direct investment. Typical areas
through this path are Hainan, Tianjin, and so on.
Configuration 4: SFD∗ FIL ∗∼GEL∗TII, also
shows the importance of the financial development
scale and foreign direct investment level to promote
total factor productivity. Unlike configuration 3,
these regions (Beijing, Shanghai, Zhejiang, etc.)
emphasize the importance of scientific and tech-
nological innovation elements more than policy
elements.

4. Conclusion

Based on the annual panel data of 30 provinces in China
from 1999 to 2019, this paper first calculates the TFP growth
index in various regions of China. -en, we use the fuzzy set
qualitative comparative analysis method to study the in-
fluence of different conditional variables on total factor
productivity from the overall perspective of configuration
thinking. -e conclusion shows that the internal driving
force of China’s total factor productivity growth comes from
both technological progress and the improvement of tech-
nical efficiency. -e advancement of technological efficiency

Table 5: Necessity test results of conditional variables.

Growth of TFP Non-growth of TFP
Consistency Coverage Consistency Coverage

SFD 0.710957 0.786212 0.574363 0.564763
∼SFD 0.606423 0.615729 0.782578 0.706522
EFD 0.651133 0.701492 0.683428 0.654681
∼EFD 0.679471 0.707077 0.688385 0.636959
FIL 0.735516 0.801097 0.613314 0.593964
∼FIL 0.627204 0.645914 0.794618 0.727627
GEL 0.670025 0.736842 0.640227 0.626039
∼GEL 0.65995 0.673522 0.730878 0.663239
TII 0.622166 0.72754 0.622521 0.647275
∼TII 0.698363 0.675396 0.73796 0.634592

Table 6: Configuration results of higher total factor productivity.

Configurations 1 2 3 4
SFD ⊗ · ● ●
EFD ● ● ⊗
FIL ⊗ ● ●
GEL ● ● · ⊗
TII ⊗ ·

Raw consistency 0.907381 0.927711 0.956587 0.962079
Coverage 0.394836 0.387909 0.402393 0.43136
Unique consistency 0.0843829 0.0163728 0.043451 0.116499
Solution consistency 0.8958
Solution coverage 0.698363
Note. ● indicates the core conditions with high element level; · indicates edge conditions with high element level; ⊗ indicates that the element level is low; and
blank indicates that the level of elements does not affect the results.

EFD GEL

SFD FIL

EFD GEL

SFD TII

SFD FIL

GEL EFD

SFD FIL

TII GEL

TFP
Growth

Path 2

Figure 4: Paths to achieve high TFP growth. Note: the blue box represents the core conditions, the red box represents edge conditions, and
the yellow box means that the element level is low.
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is much more significant than technological progress. Sec-
ond, due to the different inputs of various factors, there are
substantial differences in total factor productivity growth in
multiple regions. -ird, through configuration analysis, the
core factors and two paths to promote the development of
total factor productivity are obtained. Different areas can
take appropriate countermeasures and suggestions accord-
ing to their conditions.
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