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Abstract

This study aims to investigate the impact of innovation on firm efficiency. Panel data of fourteen finance companies and nine technology
companies from 2011 to 2019 on the Vietnam Stock Exchange Market is derived from audited financial statements, annual reports, and other
crucial reports that are provided by Vietstock; macroeconomic variables are collected from the World Bank Database. A two-stage approach
is used. First, use of the Data Envelopment Analysis methodology to measure firm efficiency. Second, use of the Pooled ordinary least
squares, the Fixed effects model, and the Random effects model to investigate the impact of innovation on firm efficiency. Furthermore,
the Generalized Method of Moments and the Tobit model are used to validate the impact of innovation on firm efficiency, and the t-test is
used to confirm the difference in efficiency with and without the impact of innovation between two industries. The results show that there is
a significant impact of innovation on efficiency, and innovation plays a more important in increasing the efficiency of the finance industry
than the technology industry. Moreover, the relation between age and efficiency is like the U-shaped, and between size and efficiency is like

the inverted U-shaped, whereas efficiency is not associated with inflation.
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1. Introduction

Data Envelopment Analysis (DEA) was first introduced
by Charnes et al. (1978). According to Google Scholar
(accessed on 2™ August 2020), the citations number of
the work of Charnes et al. (1978) reaches 35,806, it is a
huge citation. DEA has been popularly used to evaluate
firm performance via efficiency and productivity, which
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are the outcomes of the production function. The survey
on scholarly literature of DEA from 1978 to 2016 that
Emrouznejad and Yang (2018) carried out reveals that there
were various DEA versions, which were modified to apply
for different purposes by scholars. Many studies use DEA
to estimate the efficiency and productivity, which are like
the intermediate variables for other research objectives, for
example, the studies by Cheruiyot (2017), Bremmera et al.
(2008), and Faruq and Yi (2010) about the determinant of
firm efficiency.

Innovation plays the most important role for the
growth of enterprises; it is the essential factor to increase
competitiveness capability and increase firm efficiency in
operation and productivity ( Gunday et al., 2011; Hall &
Bagchi-Sen, 2002). The topic of the impact of innovation on
firm performance was explored by various scholars (Hall &
Bagchi-Sen, 2002; Gunday et al., 2008; Rosli & Sidek, 2013;
Artz et al., 2010). These studies missed the consideration of
firm performance as the outcomes of the production function,
thus we propose this research gap will be filled by this study.

Overall, this study aims to investigate the impact of
innovation on firm performance, measured by the DEA
approach.
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2. Literature Review

2.1. The Determinant of Firm Efficiency

Cheruiyot (2017) used the data from the World Bank’s
Regional Program for Enterprise Development Investment
Climate Survey for Kenya in 2007 of 396 manufacturing
firms in Kenya to determine the factor of firm efficiency.
The result showed that firm efficiency was impacted
by firm age, firm age square, firm size, firm size square,
firm location, and firm industry. The author also used the
DEA to measure firm efficiency where the output was
sales and the inputs were capital and labor. Because firm
efficiency value is from O to 1, the Tobit model was used
for robustness to check the factors of firm efficiency.
Ramanathan et al. (2018) used the DEA to extend the
literature on environmental policy. The study indicated that
innovation capabilities significantly influence the financial
performance of firms. On the other hand, corporations that
felt that they faced more inflexible regulations were not
so effective in improving their financial performance with
their innovation capabilities. Chowdhury and Zelenyuk
(2016) used DEA at the first stage to estimate efficiency
scores and then used truncated regression estimation with
double bootstrap to test the significance of explanatory
variables. They also examined distributions of efficiency
across geographic locations, size, and teaching status.
We find that several organizational factors are significant
determinants of efficiency. Arunkumar and Ramanan (2017)
explored the efficiency of 46 firms through DEA analysis
and revealed that significantly technical inefficiencies exist
in the industry. Mahajan et al. (2018) found that, with an
enhancement in acquisitions and mergers, a movement
to diversifying operations, implementation of advanced
imported foreign technology, investment in fixed assets, and
judicious distribution of resources for marketing activities
can improve firm efficiency. Kapelko and Lansink (2015)
revealed that the good performance of macroeconomic
condition was the background for increasing firm efficiency,
and there was a difference of efficiency between industries.

2.2. The Relationship Between
Innovation and Efficiency

Innovation plays the most important role in increasing
firm competitiveness and firm survival (Zhang et al.,
2018; Gunday et al., 2011; Hall & Bagchi-Sen, 2002;
Kittikunchotiwut, 2020). Dobrzanski (2018) indicated that
innovation and efficiency presented various innovation
strategies by using DEA methodology and showed that
innovation spending should be increased gradually in the
aim to achieve optimal results. The DEA methodology
allows assessing input-output efficiency. The input
indicator is the annual public and private spending on

research and development (R&D). Further, Rajapathirana
and Hui (2018) explored the relationship between
innovation capabilities, types, and firm effectiveness
in the insurance industry. The outcome confirms the
strong and significant association between the innovation
and effectiveness of the firm. Chancellor et al. (2015)
determined the vital drivers in the productivity industry
using two-staged data envelopment analysis method and
found that there is a probable expansion through the greater
use of R&D. The positive significant impact of innovation
on firm performance was validated (Parast, 2011; Kocak
et al., 2017; Hashi & Stojcic, 2013).

3. Methodology

The two-stage approach is used to estimate the impact
of innovation on firm efficiency. The first stage is the use
of DEA to estimate firm efficiency value for each company
in a year. With the strong balanced panel data, the second
stage is the use of the Pooled ordinary least squares (Pooled),
Fixed effect model (FE), and Random effect model (RE) to
estimate the impact of innovation on firm efficiency.

Besides, to estimate the robustness, we use the
Generalized method of moments approach (GMM), the
Tobit model to determine the impact of innovation on firm
efficiency, and the f-test to examine the difference in
firm efficiency between the finance industry and the
technology industry.

3.1. Data Envelopment Analysis Method

Based on the relationship between output and input in
the production function, Charnes et al. (1978) proposed the
DEA approach to estimate this relationship. The outcome of
the DEA is called by the efficiency of the decision-making
unit (DMU).

ho— 2ty

j p
Zi:l ViXij

subject to u, and v, > 0, and Max hj <1

(1

e j=1...omr=1,...,8i=1,...m

¢ y,and x, are output and input of the j" DMU

* u_is the weight of the 7" output; and v, is the weight
of the i input

* h, is the efficiency score of the j" DMU. A DMU is
efficient if h/_ =1, and if less than 1, it is inefficient.

The strengths and weaknesses of DEA were indicated
by Alvarez and Crespi (2003). The strengths include: no
need for some assumptions as the production functions and
the weight of input and output are the same, and call for no
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special model. The weaknesses include: the result may be
sensitive to measurement error, and the large inputs may lead
to high efficiency. To minimized the risk when using DEA,
Cheruiyot (2017), Alvarez and Crespi (2003), Bremmera
et al. (2008), and Faruq and Yi (2010) suggest to use only
sales as output, and labor and capital as inputs.

3.2. The Static Panel Model

To consider the simultaneous effect of cross-section and
time-series of innovation on firm efficiency, we formulate
the static panel model below:

Y,=atpX, B2, e, @)
Where:

* Y, X, and Z is firm efficiency variable, determinant
variables of firm efficiency, and innovation variables,
respectively

 j=1,..., nisthe firm

o =2011, ...,2019 is the year (9 years)

* oisaconstant, f, and §, are the coefficients of X and
Z variables

g, =ut ijt is error term with u. is the individual
specific effect to cover the specific heterogeneity, and
/ll_r is individual time-varying across individuals and
over time

Based on Hansen (1982), Arellano and Bond (1991),
and Wooldridge (2001), three approaches are considered to
estimate the regression model for panel data: Pooled, FE, and
RE. While the pooled method considers all observations in the
sample like the cross-section data, FE and RE consider both
time-series and cross-section components simultaneously.
Furthermore, whereas FE assumes unobserved variables
association with observed variables, there is no correlation
between unobserved variables and observed variables in the
assumption of RE (Borenstein et al., 2010). To choose the
best model between FE and RE for explaining the effect of
independent variables on dependent variable, the Hausman
test is used by Griliches and Hausman (1986) and Arellano
(1993). However, the results of FE and RE methods may
have multicollinearity and autocorrelation issues, therefore,
to fix the issues and increase robustness of the result, the
GMM method is used. The GMM outcome is considered the
best results of panel data to explain the relationship between
variables in linear regression model (Hansen, 1982; Arellano
& Bond, 1991; and Wooldridge, 2001).

Because the value of efficiency is from zero (0) to one
(1), Alvarez and Crespi (2003), Bremmera et al. (2008), and
Faruq and Yi (2010) proposed the Tobit model to be used to
assess the robustness of the impact of independent variables
on the dependent variable.

3.3. Measurement Variables
3.3.1. Firm Efficiency

Firm performance may be represented by firm efficiency
value (Cheruiyot, 2017; Bremmera et al., 2008). The
efficiency refers to the success of allocating resources in
the production to optimize the outcomes (Cheruiyot, 2017).
Borrowing from Cheruiyot (2017), Alvarez and Crespi
(2003), Bremmera et al. (2008), and Faruq and Yi (2010), we
use the DEA method to estimate the efficiency with inputs
being capital and labor, and output being sales. Inputs consist
of the equity and the number of employees, and output is
the sales. Under the support of Stata Statistical Software, the
value of firm efficiency (EFF) is calculated.

3.3.2. Innovation

The most common financial statement about intangible
fixed asset shows that intangible fixed asset is the worth of
patent, brand name, etc., that reflects the innovation activities
(Lev, 2000; Flor & Oltra, 2004; Kleinknecht et al., 2002).
Hence, in this study, the innovation variable is measured by
the ratio of intangible fixed asset on fixed asset (INN1), and
the ratio of intangible fixed asset on total asset (INN2).

3.3.3. Other Variables

Based on studies about determinant of firm efficiency in
various industries by Faruq and Yi (2010), and Kapelko and
Lansink (2015), we found some common variables such as
firm characteristics and macroeconomic condition, which
influence firm efficiency such as:

* Firm age (AGE) is the number of years the firm has
been in the initial public offering

* Firm size (SIZE) is measured by the logarithm of
total assets

* Inflation (INF) is measured by the definition of
inflation by the World Bank: “Inflation as measured
by the consumer price index reflects the annual
percentage change in the cost to the average consumer
of acquiring a basket of goods and services that may
be fixed or changed at specified intervals, such as
yearly”.

Furthermore, we collected the data from the finance
industry and the technology industry, which are categorized by
the regulation of the Vietnam Stock Exchange Commission.
Therefore, industry variable (IND) is determined; IND is a
dummy variable with the value of 0 and 1 for the finance
industry and the technology industry, respectively. Alvarez
and Crespi (2003) found that there was a difference in
efficiency between difference industries.
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Table 1: The Expectation Sign of the Linear Regression Model

Variable Sign Source Result
AGE - Cheruiyot (2017), and Kapelko and Lansink (2015) Accepted
AGE2 + Cheruiyot (2017), and Kapelko and Lansink (2015) | (Tobit)
SIZE + Cheruiyot (2017), Farug and Yi (2010), Accepted
Badunenko et al. (2008), Hashi and Stoj¢i¢ (2013),
and Kapelko and Lansink (2015)
SIZE2 - Cheruiyot (2017), Farug and Yi (2010), and
Kapelko and Lansink (2015)
Innovation + Badunenko et al. (2008) and Hashi and Stojci¢ (2013) | Accepted
- Amornkitvikai and Harvie (2010)
Macro + Kapelko and Lansink (2015) Rejected
Industry (differ) Alvarez and Crespi (2003) Accepted
Table 2: Descriptive Statistics after the effect of the global financial crisis 2008-2009. The
database covers the finance industry and the technology
Variable | Obs. Mean Std. Min Max industry. We choose' these.two 1qdustrles l')ecquse,'ﬁrstly,
Dev. they were not mentioned in previous studies in Vietnam,
EFF 207 0286 | 0215 | 0058 | 1.000 a developing country. Secondly, because both industries
NN 207 37207 | 25.426 | 0.022 | 99.248 depend on innovation for survival and growth, especially
- i . . the strong relationship between innovation and the fintech
INN2 207 2.564 | 4.634 | 0.005 | 24.921 industry, which is a new industry combining finance and
AGE 207 7522 | 3.403 1.000 | 17.000 technology (Van Loo, 2018; Buchak et al., 2018; Dorfleitner
SIZE 207 9025 | 3.141 2708 | 14.031 et al, 2017). We chose. 23. listed companies including
fourteen financial organizations and nine technological
INF 9 2.621 1.030 | 1.410 4.82 companies, which met the following requirements:
IND 207 0.391 0.489 0.000 1.000

Note: INF is just for 9 years (2011-2019), and it is repeated
for each firm.
Source: The Vietstock 2020 and the World Bank 2020.

Based on the results of previous studies, we expect the
sign of independent coefficients in the linear regression
model as Table 1, which is hypothesized by this study.

3.4. Data Collection

The data for this study is provided from Vietstock, a stock
statistical entity of the Vietnam Stock Exchange market.
They collect the audited financial statements, annual reports
and others important reports of listed companies and publish
the data on their website. The data of Vietstock was used
by various studies about the listed companies in Vietnam
(Nguyen & Nguyen, 2020; Thu et al., 2013; Lien Minh et al.,
2018; Phung & Mishra, 2016; Wang & Nguyen, 2017). The
inflation variable is collected from the World Bank Database.
The data period is from 2011 to 2019. The year of 2011 was
chosen as Vietnam’s economy was beginning to recover

e They are classified by the International Standard
Industrial Classification, which has been adopted by
the Vietnam Stock Exchange market since 2010.

» To have good data, we require the selected companies
must be operating during the period 2011-2019
because we observe that there are some companies
that stopped or went bankrupt in the timescale of this
study, negatively impacted by the financial crisis of
2008-20009.

* The annual financial reports always reveal the main
components for calculating most variables, thus, we
only choose the firm having the audited financial
report. It ensures the variables are objective.

e The annual report, which is presented to the
shareholder meeting, is also the key document
that reflects exactly performance, capabilities, and
crucial changes of the company during a year. The
annual report provides the key component for this
study, which is the number of employees. Thus, we
only chose companies having nine annual reports
with the report revealing the number or change of
employees.
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While most variables have 207 observations for 23 listed
companies in the period 2011-2019, GDP variable has nine
observations for nine years (2011-2019) and it is repeated
for each company. The descriptive statistics of variables are
illustrated in Table 2.

4. Results and Discussion

Table 3 shows that the maximize of VIF is 2.05 (<4.00),
and the maximize of absolute value of correlation coefficient
between pairs variables is 0.442 (<0.50). Therefore, we can
conclude that the all variables in the regression model (2) are
eligible (Gujarati & Porter, 2009; O’brien, 2007; Salmerén
Gomez et al., 2020).

Based on the study by Faruq and Yi (2010) and
Cheruiyot (2017), we first investigate the determinant
of firm efficiency with firm age and firm size, which
are as the independent variables, and inflation is as the
control variable for macroeconomic condition factor.
After that, the firm age square and firm size square are
added into the model, because of the U-shaped in the
relationship between efficiency and firm size-age of the
company (Kapelko & Lansink, 2015; Faruq & Yi, 2010;
Cheruiyot, 2017). Next, we bring innovation variables
and industry variable into the determinant firm efficiency
model to investigate the impact of innovation on firm
efficiency and the difference in efficiency between both
industries.

These models are processed by the Pooled, FE, and RE
approaches, and the outcomes are shown in Table 4. The
statistical values of models indicate that most results of
models (1-12) are significant levels at 1%, except for model
RE (column 2), which is not significant. The Hausman test
indicates that the outcomes of FE are better to explain the
influence of independent variables on dependent variable
than the outcomes of RE. There is a significant relationship
between firm age, firm size, and firm efficiency at different
significant levels and a sign of size, age, size square, and
age square are consistency with Kapelko and Lansink (2015)
and Cheruiyot (2017). Additionally, the macroeconomic
condition (inflation wvariable) does not influence firm
efficiency, but there is a significant difference in firm

efficiency between the finance industry and the technology
industry at level 1%.

From column 7 to column 12 (see table 4) show that
while coefficients of INN1 have negative signs, coefficients
of INN2 have positive signs. The coefficients of INNI1
in column 7 and column 9 are significant at 1% and 5%,
respectively. The coefficients of INN2 in column 7, column
9, column-10, and column 12 are significant at 1%, 5%, 1%,
and 5%, respectively. The impact of two innovation variables
on firm efficiency are contradictory. The ratio of intangible
fixed asset on total asset is the increasing factor of firm
efficiency, whereas if the ratio of intangible fixed asset on
fixed asset increases, it will make to decrease firm efficiency.

As we mentioned above, the outcomes of Pooled, FE, and
RE methods may not meet the standard requirements of the
linear regression model, hence we check the robustness of the
models by using the GMM method. Besides, because firm
efficiency value is [0,1], the Tobit model is used for robustness
check. Table 5 shows the outcome of the GMM model and
Tobit model. Generally, the statistical values (Sta. val. row)
show that all results from GMM and Tobit are significant at
least 5%. The AR(2) value and Sargan value indicate that the
outcomes are suitable with the standard requirements of GMM
method. Based on the outcomes of Table 5, we can verify that
there is a significant influence of innovation on firm efficiency;
the relationship between size and efficiency is like the inverted
U-shaped pattern (column 15), the relationship between age
and efficiency is like the U-shaped pattern (column 18), and
while the influence of other variables on firm efficiency is
different in both various models and methods.

The outcomes in column 10 and column 12 reveal the
difference in efficiency between the finance industry and the
technology industry. Based on the outcome in column 15,
we calculate the new firm efficiency, and then we use t-test
to examine the difference in efficiency under the impact of
innovation. Table 6 shows that there is a significant difference
in efficiency between the two industries with and without the
impact of innovation. Without the impact of innovation, the
firm efficiency of the technology industry is higher than of
the finance industry, but under the impact of innovation, the
finance industry is higher than of the technology industry at
1% of a significant level.

Table 3: The VIF Value and Correlation Matrix Between Variables

Variable VIF EFF INN1 INN2 AGE SIZE INF
EFF - 1.000

INN1 1.86 -0.153 1.000

INN2 2.05 0.298 0.391 1.000

AGE 1.29 -0.048 -0.001 -0.133 1.000

SIZE 1.96 -0.320 0.330 -0.435 0.153 1.000

INF 1.27 0.019 -0.090 -0.050 -0.442 -0.035 1.000
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Table 4: The Regression Results

oLs FE RE oLs FE RE
Variable
(1) (2) () 4) (5) (6)
Constant 0.4750*** —-1.0472*** 0.0770 0.7090*** -1.4212*** -0.3372
[6.38] [-5.41] [0.66] [5.12] [-5.34] [-1.60]
AGE 0.0003 -0.0072* 0.0051 -0.0515*** -0.0188* -0.0294***
[0.08] [-1.80] [1.34] [-2.63] [-1.78] [-2.66]
AGE2 [2.73 0.0031*** 0.0012* 0.0023***
[1.89] [3.58]
SIZE -0.0219*** 0.1509*** 0.0152 -0.0254 0.3227*** 0.1742***
[-4.76] [6.56] [1.26] [-1.03] [6.27] [3.92]
SIZE2 [0.23] 0.0003 -0.0126*** -0.0096***
[-4.20] [-3.74]
INF 0.0021 0.0095 0.0129 -0.0187 0.0018 -0.0033
[0.14] [1.13] [1.41] [-1.09] [0.21] [-0.36]
R-Square 0.1023 0.2105 0.0759 0.1344 0.3073 0.2338
Sta. value 7.71%* 16.08*** 5.24 6.24*** 15.88*** 41.58***
Obs. 207 207 207 207 207 207
Haus. value 47.77*** 41.34***
)] (8) (9) (10) (11) (12)
Constant 0.4109*** -1.4850*** -0.4704** -0.2351** -1.4850*** -0.7015***
[2.74] [-5.42] [-2.16] [-2.05] [-5.42] [-3.63]
INN1 -0.0020*** -0.0005 -0.0014** -0.0003 -0.0005 -0.0008
[-3.13] [-0.77] [-2.20] [-0.69] [-0.77] [-1.29]
INN2 0.0201*** 0.0071 0.0113** 0.0130*** 0.0071 0.0105**
[4.52] [1.55] [2.43] [4.09] [1.55] [2.46]
IND [14.34] 0.3738*** omitted 0.4470***
[6.98]
AGE -0.0510*** -0.0178* -0.0266** -0.0425*** -0.0178* -0.0291***
[-2.71] [-1.67] [-2.41] [-3.22] [-1.67] [-2.75]
AGE2 0.0031*** 0.0011* 0.0021*** 0.0027*** 0.0011* 0.0021***
[2.85] [1.85] [3.37] [3.43] [1.85] [3.42]
SIZE 0.0315 0.3368*** 0.2030*** 0.1037*** 0.3368*** 0.1859***
[1.17] [6.45] [4.48] [6.29] [6.45] [6.07]
SIZE2 -0.0019 -0.0134*** -0.0108*** -0.0046*** -0.0134*** -0.0086***
[-1.29] [-4.31] [-4.21] [-4.39] [-4.31] [-4.27]
INF -0.0173 0.0028 -0.0027 -0.0094 0.0028 -0.0021
[-1.05] [0.32] [-0.29] [-0.82] [0.32] [-0.23]
R-Square 0.2159 0.3165 0.2502 0.6153 0.3165 0.2672
Sta. value 7.83*** 11.71%** 49 .47*** 39.58*** 11.71%** 96.75***
Obs. 207 207 207 207 207
Haus. value 34.98*** 21.94***

Note: *, **, and *** are the significant at 10%, 5%, and 1%, respectively.
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Table 5: The Estimation of the GMM Method and Tobit Model

901

GMM Tobit
(13) (14) (15) (16) (17) (18)
AGE -0.0423*** 0.0637 0.0443 0.0004 -0.0515*** -0.0510***
[-2.70] [1.59] [1.32] [0.08] [5.19] [-2.77]
SIZE 0.4813*** 0.7918*** 0.8616*** -0.0219*** -0.0254 0.0315
[3.00] [3.42] [3.54] [-4.80] [-1.05] [1.19]
INF -0.0212* 0.0171 0.0022 0.0021 -0.0187 -0.0173
[-1.69] [1.15] [0.17] [0.14] [-1.11] [-1.07]
AGE2 -0.0025 -0.0023 0.0031*** 0.0031***
[-1.20] [-1.14] [2.77] [2.91]
SIZE2 -0.0441*** -0.0394*** 0.0003 -0.0019
[-3.57] [-3.65] [0.24] [-1.31]
INN1 -0.0059** -0.0020***
[-2.41] [-3.20]
INN2 0.0322* 0.0201**
[2.09] [4.61]
CONS 0.4750*** 0.7090*** 0.4109***
[6.44] [5.19] [2.79]
Sta. Val. 3.38* 14.37* 10.74** 22.34%* 29.88*** 50.35%**
N 161 161 161 207 207 207
AR(2) 0.77 -0.72 0.01
Sargan 4.07 11.50 13.12

Note: *, **, and *** are the significant at 10%, 5%, and 1%, respectively.

Table 6: Comparison of Technical Efficiency Between the Finance and the Technology Industry

Without Impact of Innovation With Impact of Innovation

Group Obs.

Mean Std. Err. Mean Std. Err.
Finance 126 4.3004 0.0126 0.1630 0.0072
Technology 81 3.6427 0.0899 0.4769 0.0244
Combine 207 4.0430 0.0423 0.2858 0.0150
Difference 0.6577 0.0737 -0.3139 0.0215
t-value 8.9257 -14.6302
Pro. (Ha: Fin. # Tech.) 0.000 0.000
Pro. (Ha: Fin. > Tech.) 0.000 1.000
Pro. (Ha: Fin. < Tech.) 1.000 0.000

Note: *, **, and *** are the significant at 10%, 5%, and 1%, respectively.
New technical efficiency = 0.8616 * SIZE — 0.0394*SIZE2 — 0.0059 * INN1 + 0.0322*INN2.
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5. Conclusion

We added the innovation variables into the determinant
of firm efficiency model of Faruq and Yi (2010) and
Cheruiyot (2017) to investigate the impact of innovation
on firm efficiency. Additionally, the inflation variable
is also added to the model to consider the influence of
macroeconomic condition on firm efficiency. Two-stage
approach is used, in which firm efficiency is like the
intermediate variable, that is computed by the DEA method,
a popular method to measure firm efficiency, and then linear
regression model is formulated. Vietstock provides the
audited financial statements and other reports that relate to
23 listed companies in the finance industry and technology
industry in Vietnam Stock Exchange market from 2011
to 2019. The macroeconomic condition is represented by
inflation, collected from the database of World Bank. The
Pooled, FE, and RE are used to investigate the impact of
innovation on firm efficiency. Besides, the GMM and Tobit
are applied for robustness check of the outcomes, and #-test
is also used to check the difference in efficiency between
the finance industry and the technology industry. The results
show that there is a significant impact of innovation on
firm efficiency. Moreover, we have found that the role of
innovation in enhancing efficiency of the finance industry
is more important than the technology industry; the relation
between age and efficiency is like the U-shaped, and between
size and efficiency is like the inverted U-shaped.

Besides the DEA, the Stochastic Frontier Analysis
(Amornkitvikai & Harvie, 2010), or Non-Stochastic Frontier
Analysis (Kumar et al., 2020) are also useful to measure firm
efficiency. Thus, to increase the consistency and efficiency of
the results, we recommend that future studies may consider
using the Stochastic Frontier Analysis and Non-Stochastic
Frontier Analysis for measuring firm efficiency. Fintech is
the new industry in the digital era, created by the financial
and technological innovation in the finance sector. It is
also as a hybrid of the finance industry and the technology
industry (Van Loo, 2018). The fintech industry is developing
sharply (Buchak et al., 2018; Dorfleitner et al., 2017; Lien
et al., 2020), hence, we propose that research about fintech
efficiency issue may be considered in the future.
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