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ABSTRACT

Against the institutional background of building an innovative
country, this article constructs the influence mechanism of the
accounting standards for intangible assets for enterprise technol-
ogy innovation. We select panel data from the Shanghai Stock
Exchange and Shenzhen Stock Exchange from 2002 to 2015. We
focus on the two dimensions of innovation input and innovation
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output and use Poisson regression, negative binomial regression,
zero expansion regression, and other methods to examine the
effects of the revision of the intangible assets accounting stand-
ards on enterprise technology innovation. Our research reveals

innovation efficiency
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the following: (1) In general, the revision of the intangible assets
accounting standards can promote enterprises’ technological
innovation activities; (2) This effect is heterogeneous by owner-
ship: before the revision of accounting standards for intangible
assets, state-owned enterprises had more innovation input than
non-state-owned enterprises, but the innovation output of non-
state-owned enterprises has become greater than that of state-
owned enterprises even though the policy only significantly
improved the innovation output of the latter; and (3) The system
lacks a continuous effect. The revision of the intangible assets
accounting standards has only a one-year lag effect on the incen-
tive effect of enterprise innovation input activities, mainly because
enterprise innovation input has only a one- to two-year lag effect
on output. The implementation of this system has not changed
the status quo that Chinese patent rights are based on applied
short-term technology research and development. Based on the
findings, this article proposes some pertinent policy suggestions.
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1. Introduction

The report of the 19th National Congress of the Communist Party of China stated
that innovation is the primary driving force for development and for the strategic
support necessary to build a modern economic system. To accelerate the pace of
building an innovative country, we must implement the new development concepts
of innovation, coordination, greenness, openness, and sharing. Chinese President Xi
Jinping clearly stated that a focus on innovation will provide a solution to the prob-
lem of force for development. Enterprises are the main force for innovation. Under
this innovation-driven development strategy, enterprises’ level of technological innov-
ation has become a key measure of their development potential and competitive edge
(Porter, 1992). Data from The Ministry of Science and Technology show that Chinese
R&D input has increased year by year, and its intensity has also increased steadily. In
2013, R&D input broke 2% for the first time, reaching 2.08%. However, the Thomson
Reuters list of the “Top 100 Global Innovative Enterprises” (as shown in Table 1)
included few Chinese companies during 2011-2015. This shows that the quality of
innovation and development by Chinese enterprises is not high and must be
improved. Therefore, determining how to increase innovation potential, improve the
quality of innovation, and enhance the international competitiveness of Chinese
enterprises has become a top priority.

Enterprises are the mainstay of innovation, and their innovative decision-making
behaviour affects the overall level of technological innovation in China. Innovation
activities are a key strategy for enterprises to cultivate core competitiveness (Stuart,
2000), but it is a long-term and multi-stage process that is risky, unpredictable,
labour-intensive, and idiosyncratic (Holmstrom, 1989). Thus, innovation output is
highly uncertain, and innovation also has many externalities. Entrepreneurs’ intention
and motivation for innovation input are insufficient. The policy is therefore an
important strategy for the state to promote social economic innovation and develop-
ment, as well as enterprises’ technological innovation and development. The Ministry
of Science and Technology, the Ministry of Finance, and other government depart-
ments have successively promulgated a series of systems aimed at stimulating enter-
prises’ technological innovation activities. In terms of accounting standards, the
results of technological innovation activities are mainly reflected in intangible assets.
In 2006, the “Accounting Standards for Business Enterprises — No. 6 Intangible
Assets” issued by the Ministry of Finance of China fundamentally changed the
accounting method for R&D spending. The accounting system for intangible assets is

Table 1. List of global innovation firms on Thomson Reuters.

Country and region 2011 2012 2013 2014 2015
United States 39 47 45 34 34
European Union 25 18 18 14 18
Japan 27 25 28 39 40
Korea 4 7 3 4 3
Switzerland 4 3 4 5 3
Mainland China 0 0 0 1 0
Taiwan, China 0 0 1 2 1
Other countries and regions 1 0 1 1 1
total 100 100 100 100 100

Source: The authors.
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an intermediary of national macroeconomic policies and enterprises’ micro-innov-
ation activities. The state thus seeks to increase attention to and support for enter-
prises’ technological innovation activities. Then, does the institution of intangible
assets accounting standards have an incentive effect on enterprises’ technological
innovation? What is the incentive effect on enterprise heterogeneity, and what is the
duration of this effect? What is the incentive effect of the intangible assets accounting
standards revision on enterprise technology innovation? The answers to these ques-
tions are theoretically and practically significant for optimising intangible assets
accounting standards and adjusting the direction and strength of the state’s policy
support for enterprise technology innovation.

The innovations of this article are as follows. First, the driving effects of the revi-
sion of intangible asset accounting standards on enterprise technology innovation are
examined. Second, this article finds that the panel data volume is large and the time
is long, so the results are more persuasive. Third, this article analyses the heterogen-
eity of enterprises and the persistence of the driving effect of intangible assets
accounting standards.

The remainder of this article proceeds as follows. The second section reviews the
literature and proposes our hypotheses. The third section introduces the research
design and sample selection. The fourth section presents the results of the research
and analysis. The final section gives our conclusions and recommendations.

2. Literature review and research hypotheses
2.1. Literature review

With the advent of the knowledge economy era, technological innovation activities
have become a key factor for enterprises to maintain their competitive edge (Kalafut
& Low, 2001). Since Schumpeter (1911) proposed the concept of innovation, scholars’
research on the factors driving enterprises’ technological innovation has focused on
both internal and external factors. Among internal factors, the current research
focuses on enterprise attributes, including corporate heterogeneity (Choi et al., 2011),
corporate governance (Balsmeier et al, 2017; Galasso & Schankerman, 2015;
Holmstrom, 1989), positioning of corporate shareholders (Flammer & Kacperczyk,
2016), intra-firm trade (Levine et al., 2016), and the human capital of corporate exec-
utives (Chemmanur et al., 2016), and discusses their impact on enterprise technology
innovation. Among external factors, the current research focuses on financial devel-
opment (Dong et al., 2017), the capital market (Fang et al., 2014), policies and regula-
tions (Brown et al., 2017; Fang et al, 2017; Howell, 2017; Laux & Stocken, 2018;
Lerner, 2009), financing constraints (Brown et al., 2012), the product market
(Chemmanur et al., 2016), and bank competition (Cornaggia et al., 2015) and dis-
cusses their impact on enterprise technology innovation.

R&D activities are the enterprises’ source of technological innovation. The content
and form of R&D are becoming increasingly complicated, and the accounting treat-
ment of enterprises’ R&D expenditures cannot truly reflect the essence of their R&D
activities. Therefore, in 1999, the International Accounting Standards Board adopted
a phased approach to deal with R&D expenditure. The research shows that the policy
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environment is the key factor for determining enterprises’ innovation efficiency.
Good innovation policy can effectively improve enterprises’ enthusiasm for innov-
ation input and the conversion rate of innovation output (Brown et al., 2013). The
2006 version of the intangible assets accounting standards thus aroused heated schol-
arly discussion. The research mainly focuses on the impact of the revision of the
standards on enterprise value, enterprise performance, and enterprise stock price.
From an institutional perspective, the literature on the impact of national macro-poli-
cies on enterprises’ technological innovation mainly focuses on preferential tax poli-
cies (Brown et al., 2017), government subsidy policy (Howell, 2017), and intellectual
property protection systems (Fang et al., 2017; Lerner, 2009). The value relevance of
capitalised R&D appears to decrease from pre- to post-LF.R.S. period(Shah et al.,
2013; Tsoligkas & Tsalavoutas, 2011). The capitalised development costs (an asset) is
highly significant about stock prices and enhances the relevance of the voluntary dis-
closures (Chen et al., 2017). High-quality accounting information system can improve
research and development activities, firms with high-quality financial reporting trans-
form investment inputs into greater innovation outcomes (Park, 2018).

The revised standards have had a positive impact on the innovation investment
activities of enterprises. (Lev & Zarowin, 1999); however, they have severely weakened
investment in R&D (Nix & Peters, 1988). As the literature shows, it is of great theor-
etical and practical significance to explore the effects on micro-enterprise techno-
logical innovation from the perspective of the macro-accounting system. However, as
the largest economy in the world, China has its unique institutional background. First
of all, the formulation and modification of the accounting standards for intangible
assets are implemented by the Ministry of Finance, and mandatory information dis-
closure by listed companies is required. Secondly, compared with non-state-owned
enterprises, state-owned enterprises are managed by the State-owned Assets
Supervision and Administration Commission of the State Council (S.A.S.A.C.), and it
is easier to obtain support from policies and funds. Now there are relevant research
literature, mostly from the perspective of law or fiscal and taxation policies to discuss
the impact on enterprise technological innovation, even if it is discussed from the
perspective of the accounting system, it is more from the perspectives of financing
structure (Khan et al., 2018) and the quality of financial reports (Park, 2018). The lit-
erature that explores the driving force of technological innovation from the perspec-
tive of accounting standards, especially the revision of intangible asset standards,
which is most relevant to innovation.

2.2. Research hypotheses

China has used two versions of intangible assets accounting standards. The revised
intangible assets accounting standards introduced in 2006 focus on the accounting
treatment of R&D expenditures to reflect enterprises’ R&D activities and the trans-
formation of innovation outcomes more realistically. The process provides a reference
for the next investment decisions of management and external investors.

From the perspective of technological innovation input, before the revision, the
cost-based approach led to increases in the current costs of enterprises and a sharp
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decline in profits. Management was reluctant to invest in R&D projects, instead of
pursuing short-term profit targets. After the revision, the phased accounting method
eliminated these drawbacks and reduced the risk of R&D investment. Therefore,
enterprises’ enthusiasm for R&D investment has increased, and innovation invest-
ments have increased year by year.

From the perspective of technological innovation output, the standards do not dir-
ectly stipulate the relevant behaviour of innovation output, but studies have shown
that the revision has led to increased investment in technological innovation, mainly
in the enhancement of human capital or the increase of technological reserves. The
research team and core technology are the key factors affecting enterprises’ output of
technological innovation. Therefore, improving them will increase the success rate of
enterprises’ innovation output. Based on the above, this article proposes the follow-
ing hypothesis:

Hypothesis 1 (H1): The revision of the intangible asset accounting standards motivates

corporate technology innovation activities (input and output).

Institutional theory emphasises the impact of differences institutions on corporate
behaviour, and external institutions often act through micro-factors within the enter-
prise. China has its unique institutional background, and companies differ like prop-
erty rights. Therefore, the impact of the macrosystem on different types of enterprises
may be different. The type of ownership is one of the most important attributes of an
enterprise, and it determines the enterprise’s ultimate makers. State-owned enterprises
are China’s national economic lifeline and have shouldered the burden of maintaining
stable economic operations, so they can obtain more government financial support.
This convenient financing environment will increase enterprises’ willingness to invest
in R&D. Therefore, compared with non-state-owned enterprises, state-owned enter-
prises are under the management of S.A.S.A.C., it is easier to obtain support from
policies and funds. In terms of R&D investment, they are more willing to be consist-
ent with the policy of innovative enterprises (encouraging investment). However, the
governance structure and incentive mechanism of state-owned enterprises have great
defects, and the operating system of state-owned enterprises leads to a lack of motiv-
ation to achieve innovation success, which leads to low innovation output efficiency
(Clarke et al., 2003). In contrast, non-state-owned enterprises aim to maximise the
benefits of their R & D investment more actively, it has a strong motivation to
improve the efficiency of transforming R & D investment inputs into greater innov-
ation outcomes. Therefore, the innovation output of non-state-owned enterprises is
greater than that of state-owned enterprises (Choi et al., 2011). Accounting policy has
important influences on business decision-making. Because the intangible asset
accounting standards are an inclusive policy system, their revision will not affect the
difference in innovation input caused by the difference in ownership. However, the
effects of the standards on innovation output vary. As the backbone of the Chinese
industry, state-owned enterprises are an important part of innovation activities, but
they are more subject to government intervention. Therefore, the revision has stimu-
lated the innovation output efficiency of state-owned enterprises to a certain extent.
This article proposes the following hypothesis:
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Figure 1. The influence mechanism of the accounting standards of intangible assets for enter-

prises’ technological innovation.
Source: The authors.

Hypothesis 2 (H2): Before the revision of the guidelines, state-owned enterprises
invested more in innovation than non-state-owned enterprises, but non-state-owned
enterprises had more innovation output than state-owned enterprises. The revision
stimulated the innovation output of state-owned enterprises but did not affect the
difference in innovation investment.

We use institutional theory and technological innovation theory to analyse the
impact of the revision of the intangible assets accounting standards on enterprise
technology innovation, as shown in Figure 1.

3. Research design and sample selection
3.1. Sample selection

This article selects A-share main board listed companies from Shanghai Stock
Exchange and Shenzhen Stock Exchange from 2002 to 2015 as its sample. The data
are taken mainly from the CSMAR database, which is missing R&D expenditure data
before 2007. Therefore, the R&D expenditure data for 2002 to 2006 were obtained by
inspecting the financial statement annotations of listed companies and manually sort-
ing them. Since the implementation of the new standards in 2007, “development
expenditure” has been included to account for enterprises R&D expenditures.
Therefore, the R&D expenditure data for 2007 to 2015 were obtained through the
development of expenditure reports.

To ensure the integrity of the data, the sample was processed as follows: (1)
Companies with ST and *ST in their names were excluded; (2) Central state-owned
enterprises and local state-owned enterprises were combined into a state-owned
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enterprise group; private enterprises, foreign-funded enterprises, and other types of
enterprises were merged into a non-state-owned enterprise group; and enterprises
that could not be classified were deleted; and (3) According to Chinese high-tech
enterprise qualification certification standards, companies with high-tech certification
and companies that possess the high-tech project, technology centers and high-tech
products were classified as high-tech enterprises, whereas companies without the
qualification certification were classified as non-high-tech enterprises. As a result, 6,788
samples were obtained. Because the R&D expenditure and the number of patent appli-
cations in the sample have many zero values, to ensure the accuracy and robustness of
the research results, the samples were divided into three categories: TYPE = —1 (with
R&D expenditure, without patent output), TYPE = 0 (without R&D expenditure, with
patent output), and TYPE = 1 (with R&D expenditure, with patent output).

3.2. Variable definition

Based on the literature, this article measures the level of technological innovation in
terms of the two dimensions of innovation input and innovation output to ensure
the comprehensiveness and robustness of the results. Innovation investment is meas-
ured using the natural logarithm of R&D expenditure (Matolcsy & Wryatt, 2008),
expressed as LNRD. Innovation output is measured using the number of patent appli-
cations (Atanassov, 2013), expressed as PATENT.

A dummy variable is used to indicate the revision of the intangible assets account-
ing standards. The sample period is divided into two sub-samples: the first is from
2002 to 2006, during which enterprises followed the old accounting standards for
intangible assets, and the second is 2007-2015, during which enterprises followed the
new version of the intangible assets accounting standards. YEARO6 indicates the year
of revision of the intangible assets accounting standards, YEAR06 =0 indicates the
period before the revision, and YEAR06 =1 indicates after the revision. The defin-
ition and description of variables in this paper are shown in Table 2.

1. Ownership (S.0.E.). The nature of corporate ownership greatly affects enterprises’
technological innovation activities (Choi et al., 2011), including the number of
patents, and this effect is more significant for private enterprises. This article uses
the dummy variable S.O.E. to indicate the nature of corporate ownership:
S.0.E.=0 indicates non-state-owned enterprises, and S.O.E.=1 indicates state-
owned enterprises.

2. Enterprise characteristics (Q.U.A.). There are huge differences in the techno-
logical innovation activities of labour-intensive, capital-intensive, and technology-
intensive enterprises. This article sets the dummy variable Q.U.A. to indicate
high-tech enterprises: Q.U.A.=0 indicates non-high-tech enterprises, and
Q.U.A.=1 indicates high-tech enterprises.

3. Enterprise size (SIZE). We use the natural logarithm of total assets at the end of
the period to measure enterprise size, following the literature.

4. Profitability (R.O.E.). This article uses the return on net assets as a measure of
corporate profitability, expressed as R.O.E.
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Table 2. Variable definitions and descriptions.

Variable type and name

Variable code

Variable definition or value method

Explained variables

Explanatory variables

Control variables

Enterprise
innovation input

Enterprise
innovation output

Time of the revision of the
intangible assets
accounting standards

Ownership type

Enterprise characteristics

Enterprise size
Profitability

Cash holdings
Capital structure

Growth ability

LNRD

RDA

PATENT

YEARO06

SOE

QUA

SIZE
ROE

CASH
LEV

GROWTH

Natural logarithm of the enterprise’s
R&D expenditure plus 1 for the year

Enterprise R&D expenditure for the
year / Total assets at the end of
accounting period

Number of patent applications in
the year

The value is 0 in 2006 and before, and
1 after 2006.

The value is 0 for non-state-owned
enterprises, and 1 for state-owned
enterprises

The value is 0 for non-high-tech
enterprises, and 1 for high-tech
enterprises

Natural logarithm of total assets at the
end of the accounting period

Return on net assets (net profit /
average shareholder equity)

Operating net cash flow / net profit

Debt/asset ratio (total liabilities at the
end of the accounting period / total
assets at the end of the
accounting period)

Operating income growth rate
(operating income current year —
operating income in the same
period of the last year / operating
income in the same period of the
last year)

Source: The authors.

5. Cash holdings (CASH). This article uses the ratio of net cash flow from operating
cash to net profit to measure the level of cash flow of enterprises, expressed

as CASH.

6. Capital structure (L.E.V.). This article uses the asset-liability ratio as a measure,
expressed in L.E.V.

7. Growth ability (GROWTH). We use the growth rate of operating income to
measure the growth ability of an enterprise, expressed as GROWTH.

3.3. Model setting

To test HI and H2, based on theoretical analysis, the following regression models are
constructed from two dimensions, innovation input and innovation output:

INNOVATIONINPUT; ; = ao + a1 YEARO6; ; + azSOE, ¢+ +asYEARO6 x SOE; ;

+Zb1 tCONTROL]t+§ ¢ INDUSTRY,, + € ;

j=1

m=1

(modell)
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Figure 2. Annual trends of innovation input and innovation output.
Source: The authors’ own estimations.

INNOVATIONOUTPUT;, = ag + a;INNOVATIONINPUT;; + o, YEARO6; ; + asSOE; ,

9 16
+a4YEAR0G * SOE; ; + »_b;,CONTROL;; + ¥ _guINDUSTRY,, + e;

j=1 m=1

(model2)

3.4. Descriptive statistics

As Figure 2 shows, between 2002 and 2015, the technological innovation of Chinese
listed companies shows growth trends both in annual average input quantity and
annual average output quantity (although the average annual number of patents in
2015 was slightly less than in 2014), and the revision of the intangible assets account-
ing standards has a significant driving effect on the technological innovation input
and output of enterprises.

The following conclusions can be drawn from Table 3.

(1) Enterprise innovation output. Before the revision of the standards, the max-
imum number of patent applications filed by listed companies is 2,724, the average
value is only 18.16, and the standard deviation is 92.70, indicating that the number of
patent applications by Chinese listed companies varies greatly. The minimum value is
0 and the median is only 3, indicating that the number of patent applications for
most listed companies is very low. After the revision, the maximum number of patent
applications for sample listed companies increases to 6,327, and the average also rises
to 56.22, indicating that the innovation output of listed companies improved after the
revision. The standard deviation rises to 294.69, which indicates that the patent out-
put gap between listed companies has further widened. The minimum value is still 0,
and the median increases slightly to 8. These descriptive statistics are consistent with
the reality of Chinese innovation output.

(2) Enterprise innovation input. From the perspective of innovation input, the
maximum value of R&D input is 10.65 before the implementation of the new
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Table 3. Descriptive statistics of the sample enterprise variables before and after the revision of
the standards.

Revision of standards  Variable  Observations Minimum Median Mean Maximum  Standard deviation

Before revision PATENT 1661 0 3 18.16 2724 92.70
LNRD 1661 0.00 0.00 2.14 10.65 3.01
SIZE 1661 9.32 12.15 12.29 18.35 1.06
ROE 1661 —32.58 0.07 0.14 221.41 5.55
CASH 1661 —131.20 131 3.02 1366.72 35.73
LEV 1661 0.02 0.49 0.49 3.36 0.21
GROWTH 1661 —1.00 0.18 0.25 19.69 0.63
After revision PATENT 5127 0 8 56.22 6327 294.69
LNRD 5127 0.00 0.00 3.07 13.81 3.86
SIZE 5127 7.49 12.98 13.26 21.52 1.57
ROE 5127 —29.88 0.07 0.06 485 0.51
CASH 5127 —663.94 1.04 2.02 1188.08 23.66
LEV 5127 0.04 0.52 0.56 96.96 1.54
GROWTH 5127 —0.93 0.10 0.21 104.54 1.81

Source: The authors’ own estimations.

standards, and the average value is only 2.14. There is still a large variation in R&D
inputs across the sample listed companies: the minimum and median are 0. It can be
seen that most listed companies in China still do not attach enough importance to
R&D. After the implementation of the new standards, the maximum value of R&D
input rose to 13.81, and the average increased from 2.14 to 3.07, indicating that the
problem of insufficient R&D input by listed companies improved since the imple-
mentation of the new standards. However, the minimum and median are still 0,
which indicates that China must still force listed companies to actively carry out
technological innovation activities.

To further analyse the impact of the revision of accounting standards on enterprise
technology innovation, we conduct univariate analyses of the enterprises’ techno-
logical innovation activities, as well as t-tests. The average values of and significant
differences between the variables are shown in Table 4.

From the results in Table 4, before the 2006 revision, the average number of patent
applications and average R&D input are 18.16 and 2.14, respectively, whereas, after
the revision, they are 56.22 and 3.07, respectively. The mean increases are 38.06 and
0.93, indicating that the revision has driven enterprises’ technological innov-
ation activities.

In terms of ownership, before the revision, the average values of innovation output
and innovation input of the treatment group are 15.47 and 2.22, respectively, and the
average values of innovation output and innovation input of the control group are
36.92 and 1.64, respectively. The mean differences are —21.45 and 0.58, respectively,
indicating that the innovation output of non-state-owned enterprises was more than
that of state-owned enterprises, while the innovation input was the opposite. After
the revision, the average values of innovation output and innovation input of the
treatment group are 57.94 and 3.25, respectively, and the average values of innovation
output and innovation input of the control group are 52.53 and 2.70, respectively.
The mean differences are 5.41 and 0.55, respectively, indicating that state-owned
enterprises have greater innovation output and innovation input than non-state-
owned enterprises.
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Table 4. Univariate analysis before and after the 2006 revision of the standards.

Before the
revision After the revision
Item of the standards  of the standards  t-value Difference
Full sample PATENT 18.16 56.22 —5.18  Significant
LNRD 2.14 3.07 —8.98  Significant
Ownership Treatment group ~ PATENT 15.47 57.94 —5.79  Significant
(SOE = 1) LNRD 222 3.25 —833  Significant
Control group PATENT 26.51 5253 —1.42  Not significant
(SOE = 0) LNRD 1.89 2.70 —4.18  Significant
Characteristics  Treatment group ~ PATENT 36.92 59.50 —0.47  Not significant
(QUA =1) LNRD 1.64 3.30 —2.59 Significant
Control group PATENT 17.70 54.69 —5.01  Significant
(QUA = 0) LNRD 2.15 297 —7.63 Significant

Source: The authors’ own estimations.

According to the characteristics of the enterprises, before the revision, the average
values of the innovation output and innovation input of the treatment group are
36.92 and 1.64, respectively, and the average values of the innovation output and
innovation input of the control group are 17.70 and 2.15, respectively. The mean dif-
ferences are 19.22 and —0.51, indicating that the innovation output of high-tech
enterprises was greater than that of non-high-tech enterprises, while the input of
innovation was the opposite. After the revision of the standards, the average values of
innovation output and innovation input of the treatment group are 59.50 and 3.30,
respectively, and the average values of innovation output and innovation input are
54.69 and 2.97, respectively. The mean differences are 4.81 and 0.33, respectively,
indicating that the innovation output and input of high-tech enterprises were greater
than that of non-high-tech enterprises.

4. Research results and analysis

4.1. Revision of Intangible Assets Standards and Enterprise
Technology Innovation

For the dimension of innovation input, we use model 1 to verify hypothesis 1 (H1),
and the regression results are shown in Table 5. In the general regression model, the
full-sample regression model (1) shows that the regression coefficients of the intan-
gible assets revision (YEAR06) and the enterprise innovation input (LNRD) are posi-
tive and significant at the 1% level, indicating that after the revision of intangible
assets accounting standards in 2006, enterprise technology innovation input activities
were significantly stimulated. Sub-sample regression models (2)-(4) show that the
impact of the revision on innovation input is significant at the 1% level, and the coef-
ficient is positive; thus, from the innovation input dimensions, H1 is supported. In
the panel data regression models (5)-(8), the coefficients of the intangible asset
accounting standards revision and the enterprise innovation input are both positive
and significant at the 5% level or above, which is a good confirmation of the robust-
ness of H1 from the input dimension.

From the dimension of innovation output, we use model 2 to verify H1, and the
regression results are shown in Table 6.
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Table 6. Effect of revision of intangible assets standards on enterprise innovation output.

Revision of intangible assets standards Innovative output (PATENT)

TYPE =1 Full sample
POISSON model NBREG model ZIP model ZINB model
Variable (1) ) (3) (4)
LNRD 0.1307%** 0.1268%*** 0.0813%** 0.0093*
(77.87) (7.26) (188.64) (1.73)
YEARO06 0.6653*** 0.2514%** 0.9961%*** 1.1165%**
(34.11) (2.71) (163.54) (19.90)
SIZE 0.6868*** 0.8628%*** —0.2993*** —0.4400%**
(266.13) (26.08) (-10.39) (-4.48)
ROE 0.3984%** 0.1641 0.0143 0.0611
(24.59) (0.97) (1.22) (0.84)
CASH —0.0084*** —0.0011 0.0007 —0.0024
(-30.86) (-1.25) (0.62) (-0.60)
LEV 2.5644*** —0.2634 —0.0094 0.0581
(131.17) (-1.17) (-0.46) (0.79)
GROWTH —0.1997%** 0.0802 0.1533%** 0.2446**
(-30.92) (0.74) (3.02) (1.99)
CONS —9.6938%** —9.6934%** 3.0109%** 2.9233%**
(-55.63) (-20.02) (517.88) (61.95)
INDUSTRY control control control control
N 1435 1435 6788 6788
ALPHA - 1.3125 - 3.5050

Note: TYPE = 1 indicates patented outputs and R&D expenditures.
Source: The authors’ own estimations.

Because there are many zero values in the sample, to ensure the accuracy and sta-
bility of the empirical results, the full sample and the subsample (TYPE = 1) models
are used for the regression, respectively. In the subsample (TYPE = 1) regression
model, the Poisson regression (1) shows that the coefficients of enterprise innovation
input (LNRD) and innovation output (PATENT) are positive and significant at the
1% level, indicating that enterprise innovation input has a positive effect on innov-
ation output. The impact of the revision of the intangible assets standards (YEARO06)
on the enterprise innovation output (PATENT) is significant at the 1% level, and the
regression coefficient is positive, indicating that the revision had a positive effect on
enterprise innovation output. The negative binomial regression (2) shows that the
coefficient of the innovation input, revision of the intangible asset’s standards, and
innovation output is positive, and all are significant at the 1% level, indicating that
the revision significantly stimulated the technological innovation output of enterprises
and that the greater the R&D input of enterprises, the greater the patent output.
Thus, from the dimension of innovation output, H1 is supported. In the full-sample
regression model, because there are more zero-value expansion phenomena in the
whole sample, this article also uses the Z.I.P. model and the Z.I.N.B. model to make
the test results more reliable and persuasive. In regression models (3) and (4), the
innovation input, the revision of the intangible asset’s standards, and the enterprise
innovation output are positively correlated, significant at the 10% level and above,
which confirms the robustness of H1 from the output dimension.

In summary, even from different dimensions (innovation input and innovation
output) and with different types of samples (subsamples and full samples) and regres-
sion methods (general regression, panel data regression, Poisson regression, etc.) for
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Table 7. Regression results of the revision of intangible assets standards, ownership type, and
technological innovation input of enterprises.

Enterprise ownership Innovation input (LNRD)

Panel data regression model

Variable Model (1) Model (2)
YEARO06 0.3961%** 0.4469%**
(4.05) (2.74)
SOE - 0.1187
. - (0.58)
YEAR06 SOE - 0.3285*
_ (1.79)
SIZE 0.8221%%* 0.4318***
(12.00) (8.32)
ROE 0.0081 0.0049
(0.60) (0.38)
CASH 0.0005 0.0007
(0.44) (0.58)
LEV —0.0243 —0.0305
(-0.81) (-1.05)
GROWTH 0.0283 0.0374*
(1.24) (1.70)
CONS —1.6583 —2.7069***
(-0.48) (-3.61)
INDUSTRY control control
RANDOM EFFECT control control
R? 0.0569 0.0482

Source: The authors’ own estimations.

the empirical analysis, the driving effect of the revision of intangible asset accounting
standards on enterprises technology innovation activities remains significant
and robust.

4.2. Revision of Intangible Assets Standards, Enterprise Heterogeneity, and
Enterprise Technology Innovation

In China, there are significant differences between state-owned enterprises and non-
state-owned enterprises in terms of innovation resource acquisition, transformation,
and human resources. Besides, there are significant differences between high-tech and
non-high-tech enterprises in terms of fulfillment of their R&D input obligations and
their tax benefits. Also considering China’s unique institutional background and
enterprise characteristics, this article further explores the impact of the revision of the
intangible asset’s standards and enterprise heterogeneity (whether enterprises are
state-owned or high-tech) on enterprise technology innovation.

Tables 7 and 8 below show the regressions of the revision of the intangible asset’s
standards and ownership type on the technological innovation activities of enter-
prises. In Table 7, when the model (1) does not include the ownership (S.0.E.) varia-
bles, the impact of the dummy variable of standards revision on innovation input is
significantly positive at the 1% level. After adding ownership type in the model (2),
the regression coefficient of the intangible asset’s standards revision is still signifi-
cantly positive, while the coefficient of ownership type is positive but not significant.
After the implementation of the new standards, the R&D input of both state-owned
enterprises and non-state-owned enterprises improved, but the difference is not
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Table 8. Regression results of the revision of the intangible assets standards, ownership type, and
technological innovation output of enterprises.

Ownership type Innovation output (PATENT)

XTNBREG model

Full sample TYPE =1
Variables (model 1) (model 2)
LNRD —0.0666*** 0.0362**
(-15.98) (2.42)
YEARO06 0.3866*** 0.2042
(6.34) (1.29)
SOE —0.1992*** —0.3456**
. (-3.13) (-2.18)
YEAR06 SOE 0.1619** 0.3903**
(2.34) (2.26)
QUA 0.2423 —0.6708
. (0.91) (-1.06)
YEAR06 QUA —0.0152 0.6569
(-0.06) (1.02)
SOE"QUA —0.4922 1.0460
(-1.52) (1.00)
YEAR06"SOE"QUA 0.4837 —0.9581
(1.47) (-0.91)
SIZE 0.2010%*** 0.2169***
(13.66) (6.69)
ROE —0.0192 —0.3483***
(-1.42) (-2.98)
CASH —0.0001 0.0002
(-0.32) (0.26)
LEV 0.0021 —0.4930***
(0.25) (-2.64)
GROWTH —0.1176*** —0.0418
(-4.65) (-0.81)
CONS —3.7928*** —2.4712%%*
(-12.95) (-5.18)
INDUSTRY control control
RANDOM EFFECT control control
N 6788 1435
WALD CHIC2 1282.82 240.44

Note: TYPE = 1 indicates that there are patented outputs and R&D expenditures.
Source: The authors’ own estimations.

statistically significant. However, the cross-term of the revision of the standards and
ownership type (YEAR06*S.0.E.) is positively correlated and is significant at the 10%
level, which indicates that the revision of the intangible asset’s standards had an
incremental effect on the technological innovation input of state-owned enterprises.
Therefore, the revision of the standards has produced a difference in the technological
innovation input of enterprises in terms of ownership type.

The regression results for the intangible assets standards, ownership type, and
enterprise technology innovation output are shown in Table 8. In the full-sample
regression model (1), the regression coefficient of innovation input is negative, which
is different from the previous findings, perhaps because there are too many zero val-
ues in the sample. Ownership type and innovation output are significantly negatively
correlated at the 1% level, indicating that non-state-owned enterprises have more
innovation output than state-owned enterprises both before and after the implemen-
tation of the standards. However, after the intangible asset’s standards revision, the
regression coefficient of the interaction between the standards dummy variable and
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Table 9. Regression results of the revision of intangible assets standards, enterprise qualifications,

and enterprise technology innovation inputs.

Enterprise qualifications Innovation inputs (LNRD)

Panel data regression model

Variables Full sample (model1) Full sample (model2) Full sample (model3)
YEARO06 0.403*** 0.353*** 0.344%**
. (4.93) (4.13) (4.02)
YEAR06 QUA 0.148** 0.896*
(2.00) (1.67)
QUA —0.745
(-1.39)
SIZE 0.953*** 0.946*** 0.945%**
(17.68) (17.54) (17.51)
ROE 0.00164 0.00157 0.00155
(0.27) (0.26) (0.26)
CASH —0.000187 —0.000131 —0.00013
(-0.33) (-0.23) (-0.23)
LEV 0.0836 0.0877 0.0891
(0.61) (0.63) (0.64)
GROWTH 0.00748 0.00715 0.00708
(0.67) (0.65) (-0.64)
CONS —5.660%** —5.584%%* —5.559%%*
(-0.805) (-0.794) (-0.79)
INDUSTRY control control control
FIXED EFFECT control control control
R? 0.219 0.22 0.221

Source: The authors’ own estimations.

Table 10. Regression results of the revision of the intangible assets standards, enterprise qualifica-

tions, and enterprise technology innovation output.

Enterprise qualifications innovation output (PATENT)

Panel data regression model

Variables Full sample Full sample Full sample
LNRD 0.513%** 0.512%** 0.512%**
(326.62) (325.29) (325.27)
YEARO06 1.158%%% 1.109%%* 1.1027%%*
(59.7) (56.62) (55.99)
YEARO6QUA 0.117%** 0.636***
(19.04) (3.42)
QUA —0.519%**
(-2.8)
SIZE —0.304%%* —0.304%** —0.304%**
(-8.36) (-8.36) (-8.36)
ROE 0.00388 0.0039 0.00392
(0.23) (0.23) (0.23)
CASH 0.00041 0.000411 0.00041
(0.40) (0.40) (0.40)
LEV 1.144%%% 1.143%%% 1.144%%%
(5.29) (5.29) (5.29)
GROWTH 0.243%*** 0.243*** 0.243***
(3.08) (3.08) (3.08)
CONSTANT —1.147%F% —1.129%%* —1.122%%%*
(-51.28) (-50.72) (-50.18)
INDUSTRY control control control
FIXED EFFECT control control control

Source: The authors’ own estimations.
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ownership type is significantly positive at the 5% level, which indicates that after the
revision, the situation reversed: the innovation output of state-owned enterprises became
less than that of non-state-owned enterprises. Therefore, overall, the revision of the
standards has an incremental effect on the innovation output of state-owned enterprises,
and hypothesis 2 (H2) is supported in terms of the output dimension. In the TYPE =1
regression model (2), the coefficient of ownership is negative, while the cross-term
regression coefficient of ownership and the standards revision is positive; both are sig-
nificant at the 5% level, which is the same as the conclusion of the model (1). This fur-
ther indicates the robustness of H2 from the output dimension. Besides, the regression
coefficient of the control variable is roughly the same as that in model (1).

The regression results for the intangible assets standards, enterprise qualifications,
and enterprise technology innovation activities are shown in Tables 9 and 10.

In Table 9 above, when the model (1) does not include the enterprise qualification
(Q.U.A.) variable, the impact of the standards revision dummy variable on the innov-
ation input is significantly positive at the 1% level. In models (2) and (3), after adding
the enterprise qualification variable, the regression coefficient of the intangible asset’s
standards revision is still significantly positive, while the coefficient of enterprise
qualification is negative but not significant. The interaction term between the stand-
ards revision variable and the enterprise qualification variable (YEAR06*Q.U.A.) has
a positive correlation that is significant at the 10% level, indicating that the revision
of the intangible assets standards has an incremental effect on the innovation input
of high-tech enterprises. Thus, the revision of the standards has produced differences
in enterprise traits in terms of the input of enterprise technology innovation.

The revision of the intangible assets standards and the regression results of the
high-tech enterprise qualifications on technological innovation output are shown in
Table 10 below. When a model (1) does not include the enterprise qualification
(Q.U.A.) variable, the impact of the standards revision dummy variable on innovation
output is significantly positive at the 1% level, indicating that the revision of the
standards can increase enterprises’ R&D input and thus increase innovation output.
In models (2) and (3), after adding the variables of enterprise qualification, the
regression coefficient of the intangible asset’s standards revision is still significantly
positive, while the regression coefficient of enterprise qualification is significantly
negative. However, the t-test indicates that the regression coefficients are significantly
different, the sum of their regression coefficients is greater than zero, and the inter-
action term between the revised criterion variable and the enterprise qualification
variable (YEAR06*Q.U.A.) shows a significant positive correlation, indicating that
although the innovation output of high-tech enterprises is not as great as that of
non-high-tech enterprises, the revision of the intangible assets standards has had add-
itional incremental output effects on high-tech enterprises.

From the analysis of the results in Tables 9 and 10, the revision of the intangible
assets accounting standards has produced significant differences in enterprise traits.

4.3. Further Analysis

The intangible asset accounting standards promulgated in 2006 substantially reformed
the accounting treatment of R&D expenditures. The treatment of these expenses in
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Table 11. Effect of the accounting standards revision and enterprise technology innovation input
(corresponding interval test).

Accounting Standards Revision Innovation Input (LNRD)

Panel data regression model

Variables 2006-2007 2005-2008 2004-2009 2003-2010 2002-2011
YEARO06 0.172 0.218** 0.380%** 0.476*** 0.482%**
(0.85) (1.99) (3.55) (5.18) (5.62)
SIZE 0.409 0.667*** 0.840%** 0.863%** 0.814%**
(0.44) (2.91) (4.97) (8.29) (9.82)
ROE 0.926* 0.0123 0.00539 0.00259 0.00211
(1.84) (0.12) (0.85) (0.47) (0.38)
CASH 0.00274 —0.000559 —0.001 —0.000284 —9.61E-05
(0.07) (-0.37) (-0.60) (-0.36) (-0.13)
LEV 0.127 0.141 —0.325 —0.0753 —0.0451
(0.18) (0.41) (-1.26) (-0.5) (-0.32)
GROWTH 0.0134 —0.0292 —0.0162 —0.00697 —0.0016
(0.04) (-1.40) (-0.0235) (-0.33) (-0.08)
CONS 1.028 —2.049 —3.419 —4.650%** —3.874%**
(11.59) (2.80) (2.264) (1.37) (1.08)
industry control control control control control
Fixed effect control control control control control
R? 0.129 0.08 0.115 0.172 0.174

Source: The authors’ own estimations.

different stages has directly affected motivations for R&D input activities. The sample
is from 2002 to 2015, during which China successively introduced policies such
as the Enterprise Income Tax Law and the R&D Cost Additional Deduction
Policy, which may affect the reliability of the above regression results. To further
test the sustainable driving effect of the revision on enterprises’ innovation input,
the full sample is symmetrically divided into five small samples according to
the introduction of various policies. The regression results are shown in Table
11 below.

To make the regression coefficients of each group in Table 9 comparable, the core
variables of the panel data are de-centered, and the individual effects are
removed. We then conduct a seemingly unrelated regression (S.U.R.) estimation
and t-test between groups. The results show significant differences in the
regression coefficients of the revision dummy variables of each group. The
coefficients are 0.172, 0.218, 0.380, 0.476, and 0.482, and the increments are
0.046, 0.162, 0.096, and 0.006. The results show that the annual average driving
effect of enterprises’ technological innovation input is strongest after three
years after the implementation of the standards for the 2002 to 2011 period.
These results also show that the driving effect of the revision of the standards
on enterprises’ technological innovation varies annually in persistence and in
driving strength.

4.4. Robustness analysis

This article also pairs the samples before and after the implementation of the
new intangible assets accounting standards to conduct a robustness test. Both
one-to-many and one-to-one matching models are used to make the conclusions
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Table 12. PSM analysis results.

) Innovation input Innovation
Matching output
pattern Result variable rd Inrd rda rdi patent
One to many Inter-group differences 865.26** 0.1037*%*¥*  0.0003***  0.0029%*  7.3459%*

without
propensity score

Inter-group differences 496.78***  0.1173*%**  0.0002***  0.0026* 5.3046***
after propensity
score (ATT)

Number of observations in 1661 1661 1661 1661 1661
the control group

Number of matching 5127 5127 5127 5127 5127
observations

One to one Inter-group differences 865.26%* 0.1036***  0.0003***  0.0028* 7.3459%*

without

propensity score
Difference between groups  208.42***  0.1169***  0.0003***  0.0015 2.7419
after propensity (ATT)

Number of observations in 1661 1661 1661 1661 1661
the control group
Number of matching 1661 1661 1661 1661 1661

observations

Source: The authors’ own estimations.

Table 13. Endogeneity Analysis of the Revision of Standards and Enterprise Innovation Input.

General regression model LNRD (lag one stage)

Variables Model (1) Model (2)
YEARO06 0.3102%** 0.2437
(2.86) (1.19)
SOE - 0.3760*
. - (1.79)
YEAR06 SOE - 0.1811
- (0.77)
SIZE 0.0756** 0.0474
(2.05) (1.28)
ROE —0.0053 —0.0036
(-0.33) (-0.22)
CASH 0.0002 0.0001
(0.11) (0.03)
LEV 0.0419 0.0427
(1.26) (1.29)
GROWTH 0.0156 0.0189
(0.56) (0.68)
CONS 2.6003 2.4413
(1.38) (1.30)
INDUSTRY control control
N 6787 6787
R? 0.0201 0.0241

Source: The authors’ own estimations.

more robust. First, the balance test and univariate test are performed to measure
the appropriateness of the matching tool variables, and inappropriate tool varia-
bles are eliminated in different sets of regressions. The propensity score matching
analysis results are shown in Table 12.

In Table 12 above, the differences between groups after propensity score matching
are significantly positive for both one-to-many matching and one-to-one matching.
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Table 14. Results of the Endogeneity Analysis of the Revision of the Standards and the
Innovation Output of Enterprises.

ZIP model ZINB model
PATENT PATENT PATENT PATENT
(first-order lag model) (second-order lag model) (first-order lag model) (second-order lag model)
Variables (1) (2) (3) (4)
RDA 11.5399*** 10.1410%%* 11.2291%** 8.0411%%*
(105.88) (71.32) (4.11) (2.78)
YEARO06 0.2877*** 0.0195%* 0.3345%** 0.0707
(31.79) (2.40) (3.09) (0.64)
SOE —0.4285*** —0.2405%** —0.4544%** —0.2912%**
. (-41.97) (-27.42) (-4.09) (-2.59)
YEAR06 SOE 0.4629%** 0.2033*** 0.5188%*** 0.2885**
(42.01) (20.86) (4.13) (2.27)
SIZE —0.2688*** —0.2405%** —0.2006** —0.1767
(-9.65) (-8.79) (-1.70) (-1.20)
ROE 0.0185 0.0144 0.0494 0.1893**
(1.14) (1.20) (0.57) (1.76)
CASH —0.0004 0.0004 —0.0025 0.0247%*
(-0.30) (0.33) (-0.66) (1.87)
LEV 0.0261 0.0798 2.4238%** 0.7459
(0.97) (1.28) (3.02) (1.42)
GROWTH 0.0080 —0.0147 0.0060 —0.0520
(0.45) (-0.75) (0.26) (-0.54)
CONS 3.8186*** 4.0673%** 3.5840%** 3.8316%**
(456.81) (552.70) (37.06) (39.20)
INDUSTRY control control control control
N 6787 6786 6787 6786
ALPHA - - 3.6479 3.7706

Source: The authors’ own estimations.

The results show that the revision of the intangible assets standards has a significant
driving effect on enterprise technology innovation activities.

To eliminate the endogeneity between the revision of intangible assets accounting
standards and enterprise technology innovation, the lagged variables of enterprise
technology innovation input and output are selected and models 1 and 2 are used to
conduct the regressions. The results are shown in Tables 13 and 14.

Chinese patent law stipulates that patent rights include invention patents, utility
model patents, and design patents. Because of the short construction time of intel-
lectual property rights in China, most of the technological innovation contained in
patent rights — usually utility models and designs - is not valuable, and the devel-
opment time of such patents is short, generally one to twoyears. This article
selects the innovation output - the first- and second-order lag models of the num-
ber of patent applications - for the regression. Because the sample data contain a
large number of zero values, we also use the zero-expansion Poisson model and
the zero-expansion negative binomial model to further analyse the relationship
between innovation input and innovation output with model 2. The regression
results are shown in Table 14.

The regression results in Tables 13 and 14 confirm that the improvement of
technological innovation in enterprises is to some extent caused by the revision of the
intangible assets accounting standards.
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5. Research conclusions and recommendations
5.1. Research conclusions

After exploring the incentive effects of the 2006 revision of the intangible assets
accounting standards, this article finds the following: (1) In general, the revision of
the standards has had a significant positive incentive effect on enterprise technology
innovation activities; (2) Further analysis shows that before the revision of the
standards, state-owned enterprises had more innovation input than non-state-owned
enterprises, whereas non-state-owned enterprises had more innovation output than
state-owned enterprises. The revision of the standards stimulated the innovation out-
put of state-owned enterprises but did not affect innovation input. The formulation
of accounting standards is political and has produced significant differences in the
R&D behaviour of state-owned enterprises and non-state-owned enterprises; and (3)
The 2006 version of the intangible assets accounting standards had a one-year lag
effect on the innovation input activities of enterprises, and there is no continuity.
Innovation input activities had a positive impact on the innovation output of enter-
prises, but the impact had only a one- or two-year lag period. After the revision of
accounting standards, the driving effect changes from weak to strong and then grad-
ually weaker. The revision did not change the status of Chinese patent rights based
on applied technology research and development.

5.2, Policy recommendations

This article proposes the following targeted policy recommendations based on the
theoretical analysis and empirical regression results.

First, overall, the revision of the accounting standards for intangible assets has a
driving effect on the technological innovation activities of enterprises, but the effect is
strongest within three years after the implementation of the standards for the 2002 to
2011 period, and the sustained effect driven by the system is insufficient. An import-
ant reason is that the internal R&D patent right of the enterprise adopts the cost
measurement model, and the intangible assets purchased externally are relatively
small part compared with the whole value of intangible assets of enterprises, which is
easily underestimated or ignored by investors. Another reason is that, in the 2018
Letter No. 21 of the Ministry of Finance, although the classified financial information
of the intellectual property (generalised intangible assets) of enterprises was disclosed,
the intellectual property input of the enterprises did not correspond to their intellec-
tual property output. This disclosure does not reflect the efficiency of enterprises’
intellectual property creation, enterprises’ risk control level, and internal control qual-
ity, or enterprises’ enthusiasm for innovation. Therefore, relevant government depart-
ments should select more appropriate measurement methods to reflect the intrinsic
value of the independent research and development of intangible assets to support,
protect, and respect the core intellectual property rights of enterprises.

Second, after the revision of the intangible asset’s standard, although the overall
innovation output of state-owned enterprises has been significantly improved, the
current innovation output is mainly based on applied patents, the R&D investment,
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and output of enterprises facing future technology reserves are not enough.
Therefore, the direction of scientific and technological research and development
should be changed, and enterprises should be encouraged to continue research and
development of key core intellectual property rights.

There are some research limitations of this article: (1) Considering China’s special
institutional background, the article is a supplement and expansion of the existing lit-
erature, and its research conclusions may not have general applicability; (2) As China’s
accounting standards stipulated that R&D expenses should be included in administra-
tive expenses before 2007, and China’s R&D expenses and patent databases are not yet
complete, the data on R&D expenses and patent rights from 2002 to 2006 were col-
lected manually, which lacked authority; and (3) Unlike the U.S. and the U.K,, the for-
mulation and modification of China’s accounting standards are implemented by the
Ministry of Finance, which has the characteristics of mandatory information disclosure
for listed companies. Therefore, it is not suitable to adopt D.ID. research methods.
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