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Abstract
[Purpose/Significance] After an invention patent application is published and
before a substantive examination decision is rendered, it remains in a state of
legal uncertainty. Evaluating the prospects for patent grant during this stage
is of great theoretical and practical significance. [Method/Process] This study
examines 88,304 invention patent applications filed by domestic applicants in
the biotechnology field with the China National Intellectual Property Adminis-
tration (CNIPA) from 1985 to 2014. Indicators based on patent documents were
constructed, and Logistic regression models were employed to explore factors in-
fluencing patent grant. Grouped regression and coefficient difference tests were
used to analyze variations in patent grant determinants across different types
of innovation entities. [Results/Conclusion] Logistic regression results indicate
that in the biotechnology field, indicators such as the number of claims, number
of inventors, whether early publication was requested, word count of the first
claim, and number of pages in the patent document are all positively correlated
with the probability of patent grant. The patent grant rate for enterprises is
lower than that for universities and research institutions but higher than that
for individual applicants. Grouped regression coefficient difference tests reveal
significant differences in how variables affect patent grant among different types
of innovation entities. Therefore, it is essential to categorize different innovation
entities separately in patent grant analysis.
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Abstract: [Purpose/Significance] After an invention patent application is pub-
lished, it remains in a pending legal status until a substantive examination
decision is made. Assessing the prospects for patent grant during this stage
is both theoretically and practically meaningful. [Method/Process] This study
examines 88,304 invention patents applied for by domestic applicants in the
biotechnology field at the China National Intellectual Property Administration
(CNIPA) from 1985 to 2014. Based on patent documents, we construct relevant
indicators and use logistic regression models to explore factors affecting patent
grant. Through grouped regression and coefficient difference tests, we analyze
variations in influencing factors across different types of innovation entities.
[Result/Conclusion] Logistic regression results show that in the biotechnology
field, the number of claims, number of inventors, whether early publication is
requested, word count of the first claim, and number of patent document pages
are all positively correlated with the probability of patent grant. Enterprise
patents have lower grant rates than university and research institution patents
but higher rates than individual patents. Grouped regression coefficient differ-
ence tests indicate significant differences in how variables affect patent grant
across different innovation entities. Therefore, classification by innovation en-
tity is necessary in patent grant analysis.

Keywords: patent grant; logistic regression; patent quality; patent mainte-
nance time; biotechnology

1. Introduction

Under China’s Patent Law, patents are categorized into three types: invention,
utility model, and design. Among these, invention patents require substantive
examination and are only granted after meeting requirements for novelty, inven-
tiveness, and practicality, along with other conditions. Consequently, invention
patents hold higher value than utility models and designs, which are directly
granted after preliminary examination, and are considered more appropriate
indicators of innovation capability [1].

A key distinction of invention patents is their publication before substantive ex-
amination. Whether a published application will be granted remains uncertain
until examined by a patent examiner. The average period from publication to
a grant decision exceeds two years [2], with some cases taking over five years.
During this time, patents remain in a state of legal limbo, which explains why
many studies on invention patent grants are forced to exclude the most recent
data.

The grant outcome directly affects applicants’ interests and concerns competi-
tors as well. For applicants, an ungranted invention patent that has disclosed
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technical information means anyone can freely use the technology, resulting
in significant losses in capital investment and technical information disclosure.
From a competitive perspective, timely assessment of grant probability after
a competitor’s patent publication helps in strategic planning and maintaining
a favorable competitive position. Therefore, evaluating grant prospects before
patent authorization is urgently needed in practice.

Obtaining grant is a prerequisite for patent value creation, and assessing grant
probability forms the basis for patent quality evaluation during the application
stage. Several indicators can be extracted from published patent documents to
evaluate patent quality. Currently, patent maintenance duration is a widely rec-
ognized quality indicator [3], but it suffers from substantial time lag. Scholars
have thus used maintenance duration as a quality metric to explore how indica-
tors extracted from patent documents affect patent quality. Existing research
has found that patent document length, number of claims, number of inventors,
and number of IPC classification codes all have significant effects [4-5]. Granted
invention patents typically exhibit higher quality than ungranted applications
[6], suggesting that factors affecting maintenance duration likely influence grant
probability as well. In empirical studies, W.M. Schuster et al. demonstrated us-
ing U.S. patent data that the number of inventors, patent family size, and
technical field significantly affect patent grant [7]. However, whether these rela-
tionships exist in Chinese patents remains unexamined.

Since different technology fields are at different development stages and patents
play varying roles in protecting technological innovation, patent grant situations
and influencing factors may differ substantially across fields. This study focuses
on the biotechnology field, primarily because biotechnological innovation heavily
depends on patent protection. Biotechnology is also a typical knowledge-based
field with a high proportion of university and research institution patent appli-
cations, and abundant existing research facilitates comparative analysis [9-10].

Whether an individual invention is granted is determined by CNIPA examiners
after examination. Most indicators highly correlated with patent value can be
obtained from published patent documents before examiners make their deci-
sions. If these indicators are indeed highly correlated with patent value, they
may enable prediction of grant prospects. This study constructs models from
published invention patent document data to predict grant probability, provid-
ing a foundation for determining patent value during the pending period and
testing whether indicators that significantly affect maintenance duration also
influence patent grant.

Different innovation entities—enterprises, universities, and individuals—exhibit
different operational models, resource bases, and patent application motivations,
leading to variations in the technical foundation, objectives, and strategies of
their patent applications, which may result in different grant outcomes. Existing
research has identified significant differences in patent value across innovation
entities, with enterprise invention patents showing significantly longer mainte-
nance durations than individual and university patents [8]. In foreign studies,
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E. Sapsalis et al. found minimal differences in quality and influencing factors be-
tween university and enterprise biotechnology patents in Belgium, though they
did not test for significance [9]. In China, do significant differences exist in
grant rates among enterprises, universities, individuals, and other entities? Do
influencing factors differ across these entities? These questions have received
limited research attention. Quantitative analysis of such differences and their
causes can help understand how patent applications from different entities are
formed and provide targeted recommendations for improving grant rates.

2. Data and Model

2.1 Data Invention patent data were obtained through the Incopat online
patent database platform. Biotechnology patents were identified by their pri-
mary IPC classification codes. Following OECD’s IPC classifications for biotech-
nology [11], we retrieved 88,304 invention patents applied for by domestic appli-
cants at CNIPA from 1985 to 2014 (excluding patents still under examination),
which constitute our study sample.

According to the OECD classification, biotechnology IPC codes include:
A01H1/00, A01H4/00, A61K38/00, A61K39/00, A61K48/00, C02F3/34, C07G
(11/00, 13/00, 15/00), C07K (4/00, 14/00, 16/00, 17/00, 19/00), C12M, C12N,
C12P, C12Q, C12S, G01N27/327, G01N33/ (53, 54, 55, 57, 68, 74, 76, 78, 88,
92).

After publication, invention patent applications enter substantive examination
upon applicant request. The process from examination entry to grant typically
takes about two years (only after publication), and even longer from the appli-
cation date. As of July 16, 2020 (our data collection date), 2.26% of patents
applied for in 2014 remained under examination. From 2015 onward, the exam-
ination rate for all years exceeded 7%. To analyze a longer time series while
minimizing the impact of pending patents, this study only considers invention
patents applied for at CNIPA by domestic applicants through 2014. Given
that patent funding and policy environments differ in Taiwan, Hong Kong, and
Macau, patents from these regions are excluded.

2.2 Variables The dependent variable is whether an invention patent was
granted (1 = granted, 0 = not granted). Drawing from factors considered in
patent maintenance duration studies, we use data obtainable from published
patent documents as independent variables, including: number of claims, patent
document pages, whether early publication was requested, number of IPC clas-
sifications, number of inventors, whether foreign applications were filed, and
whether a patent agency was used.

Patent system modifications may affect grant conditions and policies. Since
China’s patent system was established in 1985, the Patent Law has been
amended three times (1992, 2000, 2008). We use the implementation years
of these amendments as turning points, dividing the study period into four
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sub-periods: 1985-1992, 1993-2000, 2001-2008, and 2009-2014, to test the
impact of legal changes on grant rates.

Significant regional differences exist in China’s technological innovation capac-
ity and economic development, which may affect invention patent application
quality. We therefore divide the country into four regions—eastern, central,
western, and northeastern—following National Bureau of Statistics classifica-
tions. As discussed, innovation entity type may also significantly affect patent
grant. We categorize innovation entities into four types: enterprises, individ-
uals, universities, and others, using the first applicant as the reference when
multiple applicants exist.

All variable definitions, expected effects on patent grant, and relevant literature
are summarized in Table 1 . Expected relationships are derived from quantita-
tive analyses of factors affecting patent maintenance duration or other quality
indicators in existing research.

2.3 Model Since the dependent variable (patent grant) is binary, we employ
logistic regression, a standard method for examining relationships between bi-
nary outcomes and independent variables widely used in patent maintenance
duration studies.

Innovation entity type is handled in two ways: First, dummy variables are cre-
ated for the four entity types (enterprise, university, individual, other), with
enterprise as the reference (0). When multiple applicants exist, the first appli-
cant determines classification. Second, dummy variables for eastern, central,
western, and northeastern regions are created, with eastern as the reference (0).

3. Results

3.1 Descriptive Statistics Table 2 presents descriptive statistics. The right-
most three columns show means for granted (grant=1) and ungranted (grant=0)
patents and t-test p-values. Except for first claim word count, all other variables
have higher means in the granted sample, consistent with maintenance duration
studies and Table 1 expectations.

Figure 1 [Figure 1: see original paper] shows annual invention patent applica-
tions by innovation entity. Before 2000, enterprises had the lowest application
volume. After 2001, enterprise applications gradually surpassed individual ap-
plications. In most years, however, universities and other entities exceeded both
enterprises and individuals. Biotechnology heavily depends on basic research;
before 2000, China’s biotechnology industrialization scale was small and enter-
prise innovation capacity was weak, resulting in fewer applications. After 2009,
biotechnology companies such as BGI experienced explosive growth in patent
applications, causing total enterprise patents to exceed individual patents and
approach university levels.

Grant rates differ significantly across innovation entities. From 1985-2014, the
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average grant rate for Chinese invention patents was 56.3%. However, aver-
age grant rates for enterprises, individuals, universities, and others were 49.9%,
39.2%, 61.5%, and 63.05%, respectively. Figure 2 [Figure 2: see original pa-
per] shows annual grant rates by entity type. Before the second Patent Law
amendment in 2000, all entities exhibited large fluctuations, primarily due to
relatively small application volumes, particularly evident before the first amend-
ment in 1992. After 2001, all four entities had substantial application volumes
(Figure 1), and grant rates stabilized. Overall, university patents had grant
rates similar to other entities and significantly higher than enterprises and indi-
viduals. After 2009, other entities’ grant rates consistently exceeded university
rates; since research institutions comprise the majority of “other entities,” their
grant rates are higher. These findings contrast sharply with patent value assess-
ments based on maintenance duration, as existing research consistently shows
enterprise patents have significantly longer maintenance durations than univer-
sity patents [8]. However, our conclusions align with Liu Lijun and Song Min’s
research on agricultural biotechnology patents [18].

3.2 Logistic Regression Results Table 3 presents logistic regression results.
Columns 2-3 show results for all 88,304 patents. The coefficients for number
of claims, number of inventors, number of IPC classifications, foreign applica-
tions, cooperative applications, early publication requests, and patent document
pages are all positive and significant at the 0.1% level, indicating these vari-
ables significantly increase grant probability. Except for first claim word count,
these results align with maintenance duration studies—variables that enhance
post-grant patent value also improve grant probability. For example, the early
publication coefficient is 0.666, indicating that, holding other variables constant,
patents requesting early publication have 1.936 times higher odds of grant (OR
= e^0.666). Similar interpretations apply to other variables.

Notably, first claim word count has a coefficient of 0.060—small but significant
at the 0.01% level. First claim word count partially reflects patent scope; gener-
ally, more words indicate more technical features and narrower scope. During
examination, patents with narrower scope more easily satisfy novelty and in-
ventiveness requirements, undoubtedly increasing grant probability. However,
post-grant, narrower scope typically corresponds to lower value and shorter
maintenance duration [4]. Thus, first claim word count’s effect on grant proba-
bility opposes its effect on maintenance duration.

Columns 4-11 in Table 3 show regression results by innovation entity. Except
for cooperative applications, other variables have consistent signs across entity
types, indicating that our patent document-based indicators for predicting grant
probability are applicable across different innovation entities.

Cooperative applications warrant attention: coefficients are significantly posi-
tive in regressions for all patents and enterprise patents, but significantly neg-
ative for university patents. Enterprise cooperative patents (with enterprise
as first applicant) have significantly higher grant rates than other enterprise
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patents, while university cooperative patents (with university as first applicant)
have significantly lower grant rates than other university patents. This suggests
cooperative applications do not universally improve grant prospects but depend
on specific partners.

Regarding regional effects, using eastern region as baseline, central and western
regions show significantly higher grant probabilities than eastern regions, while
northeastern regions show significantly lower probabilities. Although results
vary across grouped regressions, central regions consistently exhibit significantly
higher grant probabilities than eastern regions. Controlling for patent document
indicators, regional differences may primarily reflect provincial patent subsidies
and technological innovation capacity distributions. While eastern regions lead
in economic development and overall innovation capacity, their invention patent
subsidies are typically higher than central and western regions, and existing
research agrees that subsidies generally reduce patent quality [19]. Subsidies
during the application stage encourage more low-quality applications, reduc-
ing grant rates. Additionally, eastern regions may involve more cutting-edge
biotechnology, which, while more valuable post-grant, faces fiercer competition
and greater examination difficulty in emerging technologies. Regional effects on
grant thus differ completely from effects on maintenance duration, as existing re-
search consistently shows eastern patents have significantly longer maintenance
durations than central and western patents [20].

Temporal effects are only significant in the second period (1993-2000) for the
full sample and enterprise sample, indicating minimal differences across periods
otherwise. This aligns with Figure 2, which shows relatively stable grant rates
except for 1999-2000. Patent law amendments appear to have limited impact on
grant rates. The core grant requirements are novelty and inventiveness; the law
only modified novelty provisions in the 2008 amendment, and all amendments
avoided inventiveness. The novelty modifications merely added foreign public
use as a novelty-defeating circumstance, which is extremely rare in practice,
especially for domestic applicants. Since inventiveness presupposes novelty, leg-
islative amendments understandably had limited impact on grant outcomes.

3.3 Grouped Regression Coefficient Difference Tests Although Table
3 shows most variables have consistent effects across innovation entities, quan-
titative analysis is needed to determine whether coefficient differences are sig-
nificant. If differences are insignificant, treating all patents as one group would
be appropriate; otherwise, separate analysis by entity type is necessary.

Table 4 presents coefficient difference test results from the grouped regressions in
Table 3. Overall, at the 0.01 significance level, no variable shows no significant
difference across all entity pairs. For example, the effect of claim count differs
significantly between individual and university patents, though both coefficients
are significantly positive. Similar patterns exist for other variables. Table 4
shows that except for claim count, all other variables exhibit significant differ-
ences in at least three of the six pairwise comparisons, indicating that grouped
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regression coefficients differ significantly across innovation entities. Therefore,
analyzing patent grant influencing factors using indicators extracted from patent
documents is more appropriate when conducted separately by entity type rather
than pooling all patents.

3.4 Robustness Checks We conduct robustness checks using two ap-
proaches: (1) Modifying temporal and spatial controls by replacing four
regions with 31 provinces and four time periods with 30 individual years
(1985-2014). Overall and grouped regression results show minor changes in
coefficients and significance levels, but variable signs remain consistent with
Table 3, and grouped coefficient differences remain largely unchanged except
for slight significance variations. (2) Standardizing variables to overcome scale
differences and conducting logistic regression on standardized variables. The
above conclusions remain essentially unchanged.

4. Conclusion and Discussion

This study examines how variables constructed from biotechnology patent doc-
uments affect invention patent grant and whether these effects differ across
innovation entities. Logistic regression yields the following conclusions:

(1) In the biotechnology field, the number of claims, number of inventors,
foreign applications, early publication requests, number of IPC classifica-
tions, first claim word count, and patent document pages are all positively
correlated with grant probability. Except for first claim word count, co-
operative applications, and regional variables, other variables’ effects on
grant align with their effects on maintenance duration—variables that en-
hance post-grant value also improve grant probability.

(2) Regression coefficients for relevant variables differ significantly across in-
novation entity groups, indicating that different entity types experience
varying effects from these factors on invention patent grant. Therefore,
classifying by innovation entity may be more appropriate when analyzing
grant prospects in biotechnology.

Scientifically predicting patent grant prospects has important practical signif-
icance. Our model provides a quantitative analytical method for applicants,
competitors, and policymakers to predict grant probabilities for large patent
portfolios. However, this study has limitations. First, it focuses only on biotech-
nology patents; whether similar patterns exist in other fields requires further
investigation. Feng Rentao [4] found significant differences in patent quality
across most technology fields, so our results may not generalize. Second, while
most coefficients are significant, Pseudo R2 values range from 0.028 to 0.129,
indicating many unconsidered factors affect patent grant. This is a common is-
sue in patent document-based analyses, as corresponding Pseudo R2 values are
consistently low in domestic and international studies on patent value indicators
extracted from documents [21]. How to combine patent document factors with
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other potential influences for more accurate grant prediction warrants further
exploration.
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