
Received 2 July 2022, accepted 24 July 2022, date of publication 28 July 2022, date of current version 3 August 2022.

Digital Object Identifier 10.1109/ACCESS.2022.3194531

Can Patent Quality Alleviates Information
Asymmetry in Chinese Intellectual Property
Market: Evidence From Auditing Field
ANWEN SUN AND RUNZE LI
Department of Accounting, Renmin Business School, Renmin University of China, Beijing 100872, China

Corresponding author: Anwen Sun (2017103029@ruc.edu.cn)

This work was supported by the Fundamental Research Funds for the Central Universities, and the Research Funds of Renmin University
of China (No. 21XNH127).

ABSTRACT Due to the lack of professional knowledge, auditing innovation quality has always been a big
problem for auditors. Patent citation is a new and informative signal. We hope this signal can help auditors
reduce the lack of professional knowledge and reduce the audit input of innovation quality. By examining
Chinese non-financial firms between 2011 and 2019, we use patent citation as the proxy of patent quality
and find that firms with higher patent quality have lower audit input at the same level of R&D expenditure.
Further tests show that the signaling effect of patent quality is limited. Patent quality signals will work when
the audited firm is a high-tech enterprise, or when the Key Audit Matters (KAMs) involve items such as
R&D expenditures. But the auditor industry specialization can replace the influence of patent quality. Our
results imply that auditors can use patent quality as a signal to reduce the difficulty of obtaining information
and risk evaluation. Firms should focus on the quality of patents and display their innovation capabilities
through the intellectual property (IP) market. China should strengthen the protection of private rights and
continuously enhance the supporting mechanism of IP market.

INDEX TERMS China, audit input, patent quality, intellectual property market, information asymmetry,
intermediary institutions.

I. INTRODUCTION
The main research question of this paper is whether the new
and informative signal, citation frequency of a patent, can
reduce audit input by alleviating information asymmetry due
to auditors’ lack of professional knowledge. The reason why
we research this question is Chinese IP market is at the basic
stage and not efficient enough, and we want to alleviate the
information asymmetry of the IP market. Before entering our
research topic, we need to give a simple introduction of the
development background of China’s IP market.

On September 22, 2021, China released the Outlines
for Building a Powerful Country with Intellectual Property
Rights (2021-2035) (hereinafter referred to as The Outline),
in which it emphasizes the need to construct an intellectual
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property market operating mechanism that encourages inno-
vation and development. This mechanism covers a creation
mechanism and a supporting mechanism. The creation mech-
anism aims to ‘‘improve a high-quality, enterprise-led and
market-oriented creation mechanism’’, that is, to guide mar-
ket entities to give full play to the combined effects of patents,
trademarks, copyrights, and other types of intellectual prop-
erty (IP), and finally cultivate several world-class enterprises
with strong IP competitiveness. The supporting system is
to ‘‘establish a standardized, orderly and dynamic market
operating mechanism’’ by improving the service level on IP
agency, law, information and consultation, and supporting the
development of value-added services such as appraisal, trans-
action, transformation, custody, investment and financing of
IP assets.

Recently, China has made huge leaps forward in cre-
ation mechanism, that is, in enterprise-led research and
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development and innovation. According to the statistics
of China National Intellectual Property Administration
(CNIPA), there were 1.403 million invention patents applied
and 0.53 million authorized in China in 2020. By the end
of 2020, the number of valid invention patents in China
was 3.058 million, of which 2.213 million are from China’s
mainland. Internationally, the World Intellectual Property
Organization (WIPO) reports that in 2020, China filed
68,720 patents in 2020, outdistancing the United States and
Japan, which filed 59,230 and 50,520, respectively.

However, China is still in its infancy in terms of supporting
mechanism, which means that the IP market and its partic-
ipants are still at the basic stage, which is the reason for
information asymmetry. We explain this basic stage from two
aspects: Chinese traditional culture and IP intermediary ser-
vice level. Chinese traditional culture emphasizes the public
attribute of knowledge and neglects the protection of private
rights, that is, emphasizing dedication rather than personal
interests. China has never had the protection of IP rights since
ancient times.What has been in ancient China is only ‘‘rulers’
efforts to control the spread of ideas’’. Even the ‘‘copyright
protection’’ institution after the emergence of movable type
printing in the Song Dynasty also served the needs of rulers
to control speech, rather than consider the private interests.
Until late Qing Dynasty, IP systemwas introduced into China
[1], [2]. This special culture unlike western culture results in
poor protection of IP rights. As for IP intermediary, compared
with US, the development of IP services is largely limited
by the level of national innovation and the quantity of high-
quality IP. Therefore, for a long time, the IP service industry
has been trapped in low-level patent agency services, and
many high-level IP services lack sufficient social demand [3].
The valuation and liquidity of IP and the establishment of a
transparent trading platform still have a long way to go [1].
Due to these two aspects, the information asymmetry between
firms and external information users about innovation quality
is severe in a developing country. The technological con-
ditions and market systems related to patent protection and
patent commercialization are obviously in an opaque and
unstable state [4], [5].

There are usually two ways to reduce information asym-
metry. One way is to force IP producers (the listed firms)
to disclose more information about their patents. Another is
to seek comments from professional information processors
(the technical experts in our paper) in the relevant patent
field. For example, we can estimate the stock value easily
by analyst’s rating, which can alleviate information asym-
metry between the firm and investors. Thus, we hope to
find a high-quality signal to help inexperienced information
users (the auditors in our paper) make quick and accurate
judgments.

Signaling Theory proposed by Spence in 1973 provides
a theoretical basis for us to solve information asymmetry.
Based on his theory, there is information asymmetry between
different market participants. The information producer and
processor can transmit signals to other information users in

various ways to alleviate information asymmetry between
them. In our context, the information users he says are audi-
tors, and the signal the information processor may transmit
is the patent citation. The reason why we choose patent
citation as an identification signal is that patent citation is an
excellent measure for evaluating innovation quality. Existing
studies try to measure innovation quality in terms of R&D
expenditure, patent quantity, and patent types [6]–[9]. With
the development of computer and database technology, more
complex citation information between patents is gradually
mined out. Patent citation is more informative and can solve
the deficiencies related to patent quantity [10]. Researches in
the economic field have found that highly cited patents have
more economic value and technological importance in the
US market [10], [11]. However, unlike the US IP market, the
Chinese traditional culture mitigates the willingness to apply
for a patent and even if the patent is applied, the voices of
‘‘patent bubble’’ ‘‘patent sleep’’ ‘‘innovation illusion’’ and
‘‘patent garbage’’ are getting louder and louder in China.
Therefore, the information level of patent quality is lower
than that in western countries. Furthermore, Chinese local
governments have fallen into an ‘‘innovation cult’’, leading
to the phenomenon of ‘‘quantity over quality’’ [12]–[14].
In summary, signals that do well in the U.S. may not do
well in China due to the reasons mentioned above. Therefore,
whether the idea that using patent citation as a signal for IP
intermediary is effective in China is our main issue that needs
to be solved.

The IP intermediary such as accounting firms, law firms,
and consulting firms mentioned in The Outline can reduce
the cost of communication between firms and IP market and
effectively improve the efficiency of resource allocation in
IP market by providing professional services. We choose
auditing intermediary to represent the IP intermediary as it
is one of main intermediary in the capital market. IP mar-
ket is an essential part of the capital market, but deals in
more specialized intangible assets, patents, and so on [15].
Moreover, Non-auditing services in an important source of
income for auditing intermediary. The Chinese Institute of
Certified Public Account (CICPA) pointed out that it has
become an international trend to expand the proportion of
non-auditing services and improve and optimize the business
structure of accounting firms in Report on comprehensive
evaluation and analysis of accounting firms in 2020. The Chi-
nese government has also put forward higher requirements
for auditing intermediaries to ‘‘enhance the level of self-
discipline, fairness, and professionalism of accounting firms,
and promote the Certified Public Accountant (CPA) industry
to play its due role in strengthening financial regulation and
enhancing the modernization of national governance system
and ability’’. As a result, the auditing intermediary should be
an appropriate intermediary to examine the effect of patent
citation in China. If the effect of patent citation in alleviating
information asymmetry is well, the workload for auditing
R&D expenditure and the firm risk will be lower, and thus
the audit input will be lower.
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Based on the above facts we discussed, this paper aims
to solve the following two specific questions: First, will the
increase in R&D expenditure lead to the increase in audit
fee and audit delay? Second, the core question, can the
patents quality referred to by auditors reduce their audit input
required–to lower the audit fee and audit delay–when they
are auditing R&D expenditure in China? For the first ques-
tion, although the relationship between R&D expenditure
and audit fee has already been studied in previous literature
[9], [16], [17], the audit delay has not. Furthermore, the first
question is the basis of the second question which is our
key issue. We perform our empirical test based on statistics
and econometrics. After basic regression, we find that an
increase in R&D expenditure will raise the audit fee and audit
delay; Under the same R&D expenditure level, the higher the
patent quality, the lower the audit input is in China. Further
tests show that the effect of patent quality is limited. Patent
quality signals will work when the audited firm is a high-tech
enterprise, or when the Key Audit Matters (KAMs) involve
items such as R&D expenditures. But the auditor industry
specialization can completely replace the influence of patent
quality. The above conclusions are still valid after a series of
robust tests.

The conclusions show that in limited contexts, the patent
quality can now effectively alleviate the information asym-
metry in the auditing field. The signal of patent quality is
effective but not enough in China. Chinese traditional culture
may account for this phenomenon. With the awareness of
IP protection and the decrease in the difficulty of obtaining
information about cited patents, the scale and effectiveness of
IP market are improving. Firms with a higher patent quality
have a better reputation in the IP market, signifying their
high patent quality and innovation capability to the IPmarket.
Auditors can refer to the assessment of a firm’s patent quality
from IP market to reduce their audit input, improve audit
efficiency and provide better service to IP market entities.
In this way, enterprises and intermediaries can promote each
other and form a positive feedback cycle.

This study contributes to the extant literature in three
ways. First, we propose and examine the signaling effect
of patent quality in the auditing field under Chinese special
background, providing suggestions to perfect the IP Market
operation mechanism. Reasonable utilizing market forces
to serve oneself and to transmit a signal that innovation
capability is good to IP market participants can improve
the efficiency in obtaining information in the practice field
(audit field, credit rating field, etc.), and thus ameliorate the
related work efficiency. Second, auditors usually view high-
tech company as high-risk customer and ask for high audit
fee, which impedes corporate innovation [18]. The result of
this paper can encourage firms to improve their patent quality
to transmit a positive signal to the outside IP market, reducing
the fee paid to the intermediary. Third, the newer and better
measure–citation frequency of patents–is used to evaluate the
quality of innovations, which minimizes the defects of patent

quantity and patent classification, and enriches the related
research in the field of enterprise R&D and innovation.

The remainder of the paper is organized as follows. The
second section is ‘‘Literature review and hypothesis devel-
opment’’, the third section is ‘‘Research design’’, the fourth
section is ‘‘Main empirical results’’, the fifth section is
‘‘Robustness test’’, and the sixth section is ‘‘Further analy-
sis’’. Finally, we conclude in section ‘‘Conclusion’’.

II. LITERATURE REVIEW AND HYPOTHESIS
DEVELOPMENT
The auditor’s input can be measured by the cost and time it
takes. Audit fee refers to the fee charged by the auditor to
make up for the cost after providing services. The audit delay,
a proxy of the auditing time, is the number of days starting
from the balance sheet date to the audit report date [19].
Under the same conditions, the less cost and time auditors
spend, the lower the audit input. As auditing is a service
commodity, reducing cost and speeding up auditing are the
critical issues concerned by the practice field and an essential
source for the core competitiveness of an accounting firm.

The determinants of audit fee and audit delay, includ-
ing audit cost, risk premium, and supply-demand relation-
ship, are also hot topics in academia. In terms of audit cost
and supply-demand relationship, many studies show that the
larger the audited firm size, the higher the business complex-
ity, thus the more the subsidiaries [20]–[23]. Or, the larger
size of the accounting firm, the better accounting firm reputa-
tion [24]–[27], the higher audit fee auditor will charge. If the
firm provides additional non-audit services (such as account-
ing services, bookkeeping services, tax services, management
consulting services, etc.), they will also increase their audit
fee [28], [29]. In terms of risk premium, the auditing risk
can be divided into material misstatement risk and detection
risk, with the former risk further divided into inherent risk
and control risk. The higher the financial, operational, polit-
ical, litigation, and other risks, the higher the probability of
audit failure and loss. Therefore, auditors usually spend more
time and effort auditing a firm with higher risk [20]–[22],
[26], [30]. External information users generally pay more
attention to listed firms that have received comment letters
from regulatory authorities, so, under the pressure of reputa-
tion damage, litigation risk, and administrative punishment,
auditors will expand auditing scope and spend more time and
effort on these firms, which will boost audit fee and audit
delay [31], [32].

Auditors need to devote their efforts and resources into
auditing to overcome many risks. Firms with more innova-
tions usually have higher degree of earning management and
poor quality of financial statements, but high audit quality
can effectively reduce management’s manipulation of profits,
which requires extra effort [18]. In the Notes on Auditing
risks of Annual Reports of Listed Firms, CICPA repeatedly
emphasizes that auditors should focus on the compliance of
R&D expenditure, which also reflects the high auditing risk
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existing in R&D expenditure. Not only does higher R&D
expenditure require more audit efforts in terms of scale,
the classification of R&D expenditure, i.e., capitalization or
expensing, as a common earning management tool used by
management, can greatly increase auditing risk, and auditors
will therefore charge higher audit fees [17].

From the perspective of audit cost, the increase of R&D
expenditure is bound to promote the novelty and complexity
of enterprise business.When auditors conduct financial audit-
ing on R&D expenditures, intangible assets, and development
expenditures, and conduct special auditing on patent, research
project and high-tech enterprise certification, such as The
Special Auditing Report on the Economic Benefit of Patents
for XX Co., Ltd, The Special Auditing (Verification) Report
on R&D Expenses for XX Co., Ltd, Financial Acceptance
Auditing Report on Projects (Research Subject) Carried out
by XX Co., Ltd, and The R&D Pre-tax Deduction Verification
Report for XX Co., Ltd, more expertise, time and efforts are
necessary. In order to make up for the personnel and material
resources consumed in kinds of financial and special auditing,
auditors will inevitably raise the charge. Additionally, due to
the rising of audit workload, the audit will take more time,
thus the overall audit duration will be longer [33].

From the perspective of risk premium, the R&D expen-
diture means the uncertainty of the firm, and new projects,
though have high returns, is less probable to success [34].
Additionally, management will use capitalization or expens-
ing of R&D expenditure for earnings management [17].
All of these can elevate the auditing risk for auditors, so they
need to charge an additional risk compensation fee and pro-
long the audit duration [26], [30]. Based on the above analy-
sis, we develop the first hypothesis:
H1: The more the R&D expenditure, the higher the audit

fee and audit delay.
The auditing of R&D expenditure is a specialized work,

which requires the auditor to have professional knowledge
in the related field to effectively judge whether the amount
presented in the financial report is relevant and reliable
in all major aspects, and to sufficiently conduct kinds of
special auditing and evaluation for intangible assets and
patents. If auditors themselves do not have enough profes-
sional knowledge, they can hire experts in the related fields
to carry out evaluations. However, with the surge of patent
applications each year, expertsmay feel disqualified to review
so many patents. If the time left to auditors is very limited,
they may not be able to guarantee the audit quality when
evaluating the item with complex valuation (such as deriva-
tives, pensions, and goodwill) and making audit adjustments
[35], [36], so auditors will employ many tools to speed up
the auditing process. The corporate governance and internal
control quality can be powerful tools for them. If the internal
control system is perfect and efficient, and the corporate
governance structure is balanced and reasonable, auditors can
reduce the effort spent in auditing [37]–[42]. The frequency
of cited patents mentioned in this paper can also play the same

role in providing an external and reliable signal for auditors
to identify the innovation quality.

Just as the patent is ranked first in IP right in The Outline,
the patent citation information in the IP market may be the
breakthrough to solve the problems of R&D expenditure
auditing and special auditing. As the number of patent appli-
cations from company increases, the citation frequency of a
paper has gradually become a standard for evaluating patent
quality, which equals the academic evaluation system: the
citation frequency of a paper and the impact factors (IF) of
a journal are important standards for evaluating the quality of
papers and journals. Similarly, the frequency of cited patents
reflects the acceptance of this patent by other participants in
IP market. Auditors can use this information as a preferable
signal to reduce their audit input.

Spence [43] proposed the Signaling Theory that when there
is information asymmetry between different market partici-
pants, the information producer and processor can transmit
signals to other information users in various ways to alleviate
information asymmetry between them. Signaling theory is a
basic theory that is widely used in many disciplines, such
as computer science, marketing, information science, patent,
and auditing. In marketing filed, Li et al. [44] investigate
how a physician can achieve economic success in the online
consultation market from the perspective of signaling theory.
In information management filed, Zhu andWang [45] formu-
late the hypothesis that governmentmicroblog affects tourism
market value by affecting consumers’ emotion based on the
signaling theory. In computer science field, Zhang et al. [46]
proposed a novel method for crowd evaluating the security
and trustworthiness of OSNs platforms based on signaling
theory, which has been generally employed in the fields of
economics and information management. In auditing field,
Habib and Islam [47] use Signaling Theory to test whether
auditors from a non - litigious environment are concerned
about signaling their quality to the market by constraining
clients’ earnings management behavior; Casterella et al. [48]
examine whether peer reviews conducted under the AICPA’s
self-regulatory model have been effective at signaling audit
quality; Kitching [49] concludes that charities benefit simply
from engaging a higher quality auditor from a signaling
perspective. In patent field, Haeussler et al. [50] seek to con-
tribute to the literature by presenting a framework in which
the filing of a patent application is a signal which informs
investors’ expectations in terms of a venture’s prospects. They
find that the information generated during the patenting pro-
cess is indeed useful to VCs. Hoenen et al. [51] hypothesize
that patent activity has a signaling value that diminishes once
information asymmetries between investors and funded firms
lessen. They find that Patent activity has a significant sig-
naling value that diminishes once information asymmetries
are reduced. Hall et al. [10] and Lerner et al. [11] find that
highly cited patents have more economic value and scientific
importance, and citation frequency plays a better role than
patent quantity in previous research. These studies all use
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Signaling Theory as their basic theory. Some of them perform
an empirical test on their research object. We follow previous
literature, use Signaling theory as a basic theory, and perform
an empirical test on the effect of patent citation in the auditing
field.

Two key points–signal transmission and signal screening–
are involved in the signal processing. In IP market, as the
information concerning the patent citation is public informa-
tion of CNIPA, the transmission and presentation of signals
are natural; At the same time, because the signal is varied
in quality, the screening of countless signals in IP market
is of great necessity. Then, the question is raised: Can the
information about patent citation be used as the signal of high
quality?

How is the quality of signals of citation frequency of
patents? Economic scholars take the lead in researching
patent citation information. They find that highly cited
patents have more economic value and scientific importance,
and citation frequency play a better role than patent quantity
in previous research [10], [11]. Frequently cited patents tend
to bemore likely sued, indicating that patent citation is related
to their economic value [52]. Therefore, the patent citation
rate is informative enough. On this basis, many scholars use
citation frequency of patents to measure innovation quality
of a firm. They found that R&D expenditure, patent quantity,
and citation information of patents can positively impact the
value of a firm and get an abnormal return in stock market
[53], [54]. They also point out that patent citation has a much
more significant effect in the pharmaceutical industry than
in the computer industry [54]. The cited patent information
has also become the reference in other evaluation fields. For
example, Griffin et al. [55] find that companies with high
innovation efficiency proxied by patent citationwill gradually
improve the firm’s credit rating; Lee and Oh [56] find that the
innovation degree is negatively related to the CDS of a firm.
All these studies prove that citation information of patents
can be used to predict the credit rating of a firm, which further
confirm the informativity of the citation frequency of a patent.

As mentioned above, the citation frequency can denote
the economic value and scientific and technological impor-
tance of the patent, which, compared with the number and
classification of the patent in previous studies, can measure
the patent quality better [10], [11], [54], [57]. Therefore, the
citation frequency of patents can be used as a signal for audi-
tors to make their judgements. However, there is no literature
exploring the signaling effect of cited patent information in
auditing field under Chinese background. Hence, we try to
define the cited quantity as the evaluation criteria for patent
quality in IP market. The higher the citation frequency of the
patent, the more the patent is approved in the IP market, and
the higher the patent quality, delivering a signal that the R&D
and innovation invested by enterprises are more authentic and
reliable, with strong innovation ability and low innovation
risk, thus reducing the auditing risk of patents. By referring
to the patent quality signal in IP market, the auditor can deter-
mine a high level of materiality for the audited firmswith high

quality, which will reduce the workload for auditing R&D
expenditure and ultimately lower the audit fee. On the other
hand, unlike the US IP market, the Chinese traditional culture
emphasizes the public attribute of knowledge and neglects the
protection of private rights, that is, emphasizing dedication
rather than personal interests [1], [2]. Patent quality that is
valid in the US market may not be valid in China. Thereout,
we use a better signal–citation frequency to proxy patent
quality to examine the signaling effect in China, and propose
our second hypothesis:
H2: Under the same R&D expenditure level, firms with

higher patent quality have lower audit fee and audit delay
in China.

III. RESEARCH DESIGN
A. SAMPLE CONSTRUCTION
Our initial sample includes all Chinese A-share listed firms
from 2011 to 2019. We obtain data from the CNRDS,
CSMAR, and WIND Database, which is commonly used in
economic research in China. There are tremendous studies
that draw reliable conclusions using CNRDS, CSMAR, and
WIND Database [1]–[3], [9], [12]–[15], [40], [41], [53].
These databases are directly relevant to our research objec-
tives (i.e., patent and auditing). We obtain the latest patent
code, applicant, and citation number of invention patents
from the Chinese Research Data Service Platform (CNRDS),
crawl patent classification information from Google Patent
by Python and obtain auditing and financial data from the
Chinese Stock Market and Accounting Research (CSMAR)
database and the Wind Financial (WIND) Database.

Table 1 outlines the key sample selection procedures
and the number of firms and observations after each key
procedure.

TABLE 1. Sample selection procedure.

B. VARIABLES
1) PATENT QUALITY
We construct PatentQualityit as up to the statistical point t ,
the sum of the citation of all invention patents for firm i in
recent five years as shown in the formula (1) below. Cint−j is
the adjusted number of citations received in year t by patent
nt−j (nt−j = 1 . . .Nt−j), issued to firm i in year t-j (j =
1, 2, 3, 4, 5), and Nt-j is the total number of patents issued
to firm i in the year t-j that are cited in year t . In order to
prevent enterprises from over-citing their own patents, we
use the patent citation eliminating self-citation. Since in most
industries, the duration of R&D expenditure benefits is about
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five years [58], we follow Gu [57] to calculate patent quality
in a rolling calculation way with a window period of five
years.

PatentQualityit =
5∑
j=1

Nt−j∑
nt−j=1

Cint−j (1)

2) CONTROL VARIABLES
For the control variables, we follow Xu and Wang [9], Gul,
Hsu and Liu [23], and Zhang [59] to exclude alternative
explanations. First, we include Size, Lev, Roa, Growth, CFO
and Soe to control for size, financial, and income condition
of a firm. Then, we include audit office and corporate gov-
ernance characteristics such as Big4, BoardSize, and Duel.
We also includeOpinion and FirstRatio to control for external
supervision characteristics. We include both firm and year
fixed effects to control for firm and year-specific variation
in audit input. The definitions of the variables are presented
in Table 2.

TABLE 2. Variable description.

3) MODEL DESIGN
To test hypotheses 1 and 2, we estimate the linear regression
(2) and (3). the dependent variables are audit fee and audit
delay, the independent variables are R&D expenditure (RD)
andPatentQuality, and the rest variables are control variables.
According to hypothesis 1, we predict that α1 will be positive;
According to hypothesis 2, we predict that α3 is negative.

AuditFee (AuditDelay) = α0 + α1RD

+α∗
∑

Controls+ ε (2)

AuditFee (AuditDelay) = α0 + α1RD

+α2PatentQuality+ α3RD

×PatentQuality

+α∗
∑

Controls+ ε (3)

IV. MAIN EMPIRICAL RESULTS
A. SUMMARY STATISTICS
Figure 1 presents the time trend of core variables (RD, Paten-
tQuality, AuditFee, AuditDelay). The four core variables
increase over time generally because of the development of
science and technology. Firms are paying more attention to
the R&D of new products, new technology, which increase
the audit input. Additionally, we can see a sudden drop in
audit fee and a leap in audit delay in 2019, because COVID-19
struck China and thus slowed down economy and delayed the
auditing of annual report.

FIGURE 1. The time trend of core variables.

TABLE 3. Summary statistics.

Table 3 presents the summary statistics of the variables
used in the baseline analysis. The mean values of the depen-
dent variables AuditFee and AuditDelay are very close to
the median, indicating that the distribution of the two core
dependent variables is symmetric, closer to the normal dis-
tribution, and the sample is representative. The mean value
of the independent variable PatentQuality is 2.289, the max-
imum and minimum value of it is 7.5 and 1, indicating
the citation frequency of patents has good variability and
enough information, which meets the hypothesis of the opti-
mal estimator of linear regression. The statistical results of
variables in Table 3 are basically consistent with those of
Xu andWang [9]. The correlation coefficients of the variables
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above are all less than 0.5, indicating that the potential mul-
ticollinearity will not affect the conclusions.

B. R&D EXPENDITURE AND AUDIT INPUT
Table 4 presents the regression results obtained by measuring
audit input using audit fee and audit delay. To conserve space,
we do not report the coefficients on the control variables.
Column (1) – (3) use audit fee, and Column (4) – (6) use
audit delay. In Column (1) and (4), only core dependent
and independent variables are added. In Column (2) – (3)
and (5) – (6), control variables, year, firm, industry fixed
effects are also added. The results show that no matter in what
way, the regression coefficients of R&D expenditure (RD) is
significantly positive, which support hypothesis 1: the more
R&D expenditure, the more time and effort auditor spend in
auditing, that is, the higher audit fee and audit delay.

TABLE 4. R&D expenditure and audit input.

C. THE MODERATING EFFECT OF PATENT QUALITY
Table 5 present the moderating effect of patent quality
on R&D expenditure. The coefficient of R&D expenditure
(RD) in all columns is significantly positive, still supporting
hypothesis 1. Further, the coefficient of the interaction term
(RD × PatentQuality) is significantly negative, indicating
that PatentQuality has a negative moderating effect on audi-
tors’ efforts in R&D expenditure auditing, which supports
hypothesis 2. We can see that the signal of patent citation
is effective and can alleviate the information asymmetry in
auditing field. In general, auditors usually view high-tech
company as high-risk customer and ask for high audit fee,
which impedes corporate innovation [18]. The economic sig-
nificance of this result is the higher the patent quality of the
company, the lower the auditing cost they will pay. It prompt
firms to focus on the quality of patents and display their
innovation capabilities and credibility by the signal of patent
quality through the IP market and reduce the transaction cost.

V. ROBUSTNESS TEST
A. AN ALTERNATIVE MEASURE OF PATENT QUALITY
Hall, Jaffe and Trajtenberg [54] found that the citation fre-
quency of patents in the computer, communication, and
pharmaceutical industries was higher than that of patents in

TABLE 5. The moderating effect of patent quality.

other industries. In addition, they found that the citation
number for earlier patents was higher than for newly granted
patents. In order to solve this problem, we recalculate the
patent quality following Gu [57], and the calculation method
is as follows:

PatentQualityIndi,t =

5∑
j=1

Ci,t−j
InPCIH ,t−j

AveAsseti,t
(4)

InPCIH ,t−j =

N∑
i∈H

Ci,t−j

N
(5)

In the above formula, i denotes a single firm that in industry
H , and N denotes the total number of firms in industry H .
PatentQualityInd i,t denotes the patent citation degree of firm
i in year t after industry adjustment;Ci,t−j denotes the total
adjusted citation number received in year t , issued to firm i in
year t − j (j = 1, 2, 3, 4, 5); InPCIH ,t−j denotes the average
industry citation number received in year t , issued to firm i in
year t − j; AveAsset i,t denotes the average total assets of firm
i in year t .
Table 6 presents the regression results of calculating patent

quality based on the patent citation adjusted by industry.
Column (1) is the regression results without industry adjust-
ment, which provides a comparison for subsequent. Column
(2) and (3) are the regression results after industry adjustment,
which are entirely consistent with the results in Column (1).
Table 7 changes themeasurement of audit input from the audit
fee to audit delay, and the regression results are consistent
with the previous conclusion.

B. ADDITIONAL CONTROL VARIABLE
To control for some omitted variables that can impact
audit input, we follow Dechow et al. [60] and Harp
and Barnes [61] to measure earning management (DA)
and internal control weakness (ICW). We also add two
dummy variables auditor change (AC) and restatement (Re).
Table 8 presents the regression results after adding control
variables. Table 9 changes the measurement of audit input
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TABLE 6. Alternative measure of patent quality based on audit fee.

TABLE 7. Alternative measure of patent quality based on audit delay.

from the audit fee to audit delay, and the regression results
are consistent with the previous conclusion.

C. HIGH-DIMENSIONAL FIXED EFFECTS ESTIMATES
The main results may be affected by the characteristics of
the industry and accounting firms that change over time,
so we follow Hassan et al. [62] and use high-dimensional
fixed effects to estimate based on the previous conclusions.
Column (1) and (2) in Table 10 are the three-dimensional
fixed effects results controlling time, accounting firm, and
the firm itself. Column (3) and (4) are three-dimensional
fixed effects result controlling time, industry, and firm itself.
The interaction term RD × PatentQuality is significantly
negative, which is consistent with the previous conclusion.
Table 11 measures audit input by audit delay, and the results
are consistent with the above.

D. FALSIFICATION TEST
Following Li et al. [63] and Cantoni et al. [64], we conduct a
falsification test in this section. By randomly distributing the

TABLE 8. Additional control variable based on audit fee.

TABLE 9. Additional control variable based on audit delay.

patent citation among each firm, the patent citation could not
map to the patent quality of the original company. Then we
used the randomly allocated sample to conduct 1000 regres-
sion analyses. If the coefficient of RD× PatentQuality is not
significant, it indicates that the correlation between the two
is not caused by other random factors. Figure 2 is the kernel
density map of t-values after 1000 regressions, and the dotted
line in the figure is the benchmark value. It can be seen from
the figure that the t-value distribution of interaction terms
after random allocation presents an inverted U-shape with
symmetric axis 0, and most t-values are concentrated near 0.
After comparing the benchmark t-values in Table 5, only a
few t-values are less than −2.945 when we use audit delay
to measure audit input. The falsification test indicates that
most of the moderating effects of patent quality in a randomly
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TABLE 10. High-dimensional fixed effects estimates based on audit fee.

TABLE 11. High-dimensional fixed effects estimates based on audit delay.

FIGURE 2. Falsification test.

constructed sample are not significant, so the moderating
effect of patent quality on audit fee and audit delay is rela-
tively robust, which indeed reduce the auditor’s input.

VI. FURTHER ANALYSIS
To further clarify the signaling effect of patent quality, we try
to explore whether the impact of patent quality on audit
input will change from patent side and audit side after the
main empirical test. The first part of the following analysis
is from the patent side, i.e. the dependence of enterprise
operation on R&D innovation; The latter two are from the
audit side, i.e. the impact of professional judgements of
auditors in KAMs, or the impact of industry expertise of
auditors.

TABLE 12. High and new enterprise certification based on audit fee.

A. THE INFLUENCE OF HIGH AND NEW TECHNOLOGY
ENTERPRISES CERTIFICATION POLICY
For the high and new technology enterprises certificated by
the Ministry of Science and Technology (MST) of PRC,
innovation is the core competitiveness and key factor of
future profitability. The top priority for auditors lies in the
revenue auditing, which is often risky. In 2008, the MST
issued the Conditions and Measures on the Designation of
High and New Technology Enterprises. One of the conditions
is that revenue from high and new technology products shall
account of more than 60% of the annual gross revenues of the
enterprises, so the revenue auditing for a high and new tech-
nology company demands more inputs and expertise. In the
same year, CICPA issued the Guidelines on Special Auditing
for the Certification of High-tech Enterprises (hereinafter
referred to as The Guidelines) to regulate relevant issues,
ensure audit quality and enhance financial information relia-
bility. The Guidelines also emphasizes the auditing of patent-
related information and the assurance of R&D expenditures
and activities. In general, for these companies, auditors need
to invest more in auditing R&D quality, operating revenue
and undertake greater auditing risks. In this context, patent
quality can serve as a signal for auditors to judge the auditing
risk of high and new technology enterprises. Compared with
companies with fewer R&D innovations, i.e. companies with-
out high and new technology certification, patent quality can
work better. Therefore, we obtain the certification informa-
tion of high and new technology enterprises from theCSMAR
database, and the statistics show that high and new technology
enterprises account for about 40% of the total enterprises.
The results of grouping tests for high and new enterprises are
shown in Table 12 and 13. The moderating effect of patent
quality is not significant for companies that have not been
certificated as high and new technology enterprises. Instead,
for certificated companies, the moderating effect of patent
quality is significantly negative, shows that patent quality the
signals can effectively alleviate the information asymmetry
when auditors certificate and provide auditing services to
high and new technology enterprises.
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TABLE 13. High-tech enterprise certification based on audit delay.

B. THE ROLE OF KEY AUDIT MATTER
KAMs require auditors to use a lot of professional judgment,
spend time, effort, and related audit resources and take more
auditing risks and legal liability [65]–[67]. Auditors are more
likely to disclose KAMs when the company faces higher
litigation risk [68]. Therefore, when the KAMs include R&D,
patents, etc., it indicates that auditors spend more effort and
take more risks in making professional judgments on R&D
expenditure’s quality. We plan to start from the text of KAMs
and manually screen out audit items related to patents, intan-
gible assets, R&D expenditure, development expenditure,
and other patent information, dividing the whole sample into
two subsamples. If the firm has at least one KAMs related
to the patent, the firm will be placed into the ‘‘Include’’
group; if not, it will be placed into the ‘‘Not Include’’ group.
We obtained KAMs from the CNRDS database. The regres-
sion results are shown in Table 14. The first two columns
and the last two columns take audit fee and audit delay
as dependent variables, respectively. The coefficients of RD
× PatentQuality in Column (1) and (3) are significantly
negative, indicating that when auditors make professional
judgments on KAMs related to patents and intangible assets,
patent quality can be used as a signal and effectively reduce
audit input. However, the coefficients of RD× PatentQuality
in Column (2) and (4) are not significant, indicating that the
value of patent quality information is little when auditors
make professional judgments on other KAMs.

C. THE IMPACT OF AUDITOR INDUSTRY SPECIALISATION
Finally, auditor industry specialization means that the audi-
tor has professional knowledge on a certain industry and
should be familiar with the economic rule of it. Industry
specialization helps the auditor make professional judgments
about highly specialized R&D expenditures and patent infor-
mation [69], [70] and may reduce their reliance on patent
quality. According to the Upper Echelons Theory, due to
the complexity of the external environment, managers make
their strategic decisions through their personal lens. Similarly,
the auditor’s professional expertise, knowledge, information

TABLE 14. The role of critical audit matter.

TABLE 15. The impact of auditor industry specialization based on
audit fee.

TABLE 16. The impact of auditor industry specialization based on audit
delay.

processing ability, and other characteristics will also affect
the auditing process and professional judgment [71], [72].
The auditor without professional expertise is less familiar
with the technological patents and may rely more on the IP
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market evaluation to the firm. Therefore, we follow Cahan
and Sun [69], using the industry market share method to esti-
mate the auditor industry specialization and carrying out our
research from two perspectives: the industry specialization of
accounting firms and the industry specialization of auditors.
We obtained data of auditor industry specialization from
CNRDS database and divided them into two groups (with
and without industry specialization) according to the median.
The results of the subsample test are shown in Table 15 and
Table 16. For accounting firms and auditors without industry
specialization, the moderating effect of patent quality is sig-
nificantly negative, indicating that patent quality the signal
can effectively alleviate the lack of industry specialization of
accounting firms and auditors and help to reduce audit input.
For accounting firms and auditors with industry specializa-
tion, the moderating effect of patent quality is not significant,
indicating that auditors with industry specialization are less
reliant on the patent quality signal in making professional
judgments. The influence of patent quality can be replaced
by auditor industry specialization, which indicating that the
signaling effect of patent quality is limited.

VII. CONCLUSION
With The Outline released on September 22, 2021 as the
research background and non-financial firms in China’s
A-share market from 2011 to 2019 as the sample, given
the special culture background of IP market in China, this
paper takes auditing intermediary as the entry point for IP
intermediary, and tries to explore how to alleviate the infor-
mation asymmetry about firm’s innovation quality in China.
Theoretical analysis shows that auditors is expected to face a
lot of information asymmetry when auditing the R&D expen-
diture and conducting special auditing due to the limitation
of their professional ability. Auditors can utilize the citation
information of the existing patents as a signal to check the
condition of patents in IPmarket and employ that information
to evaluate the quality of R&Ds, which can reduce their
effort spent in auditing, and improve the audit efficiency.
The empirical test shows that the signal of patent quality
can effectively alleviate the information asymmetry and thus
reduce the audit input. Under the same R&D expenditure
level, firms that have higher patent quality have lower audit
fee and audit delay. Further tests show that the effect of patent
quality is limited. Patent quality signals will work when the
audited firm is a high-tech enterprise, or when the Key Audit
Matters (KAMs) involve items such as R&D expenditures.
But the auditor industry specialization can completely replace
the influence of patent quality. The Chinese traditional culture
and immature IP market can account for this. The results
mean that we should strengthen protection of private rights
and continuously enhance the supporting mechanism of
IP market.

To sum up, auditors usually view high-tech company
as high-risk customer and ask for high audit fee, which
impedes corporate innovation [18]. Our results prompt firms
to focus on the quality of patents and display their innovation

capabilities and credibility by the signal of patent qual-
ity through the IP market and reduce the transaction cost.
However, we do not test or discriminate between alternative
theories but only Signaling Theory. For future studies, the
alternative explanations about the signaling effect of patent
citation in the auditing field can be tested to overcome our
limitations. Future research can also try to apply patent qual-
ity to the evaluation of other fields (like asset evaluation,
company scoring, etc.) and examine the signaling effect of
patent quality, which will learn more about China IP market
and provide suggestions to perfect the IP Market operation
mechanism.
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