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Abstract. Significant information asymmetry often exists between start-ups and 

venture capital institutions, making it difficult for enterprises to achieve ideal 

valuations. To improve financing success rates, enterprises need to release sig-

nals reflecting their value to enhance competitiveness in the capital market. 

This study uses data on green granted patents and financing of start-ups from 

2014 to 2024 to analyze the impact of green patent signals on venture capital, as 

well as the moderating roles of venture capital institution reputation, entrepre-

neurs' backgrounds, and prior financing rounds. The results show a significant 

positive correlation between the quantity and quality of start-ups' green granted 

patents and venture capital scale, with endogeneity analysis confirming the ro-

bustness of this conclusion. High reputation of venture capital institutions and 

more prior financing rounds weaken the financing effect of green patent quanti-

ty signals on venture capital, while their moderating effects on the relationship 

between green patent quality and venture capital are insignificant. Entrepre-

neurs with rich backgrounds strengthen the financing effect of both green patent 

quantity and quality signals. The nature of start-ups' equity and whether they 

are located in Beijing, Shanghai, Guangzhou, or Shenzhen affect the financing 

effect of green patent signals, but the differences are not significant. These find-

ings enrich research on venture capital and provide insights for venture capital 

institutions to optimize capital allocation and for start-ups to improve financing 

efficiency. 
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1 Introduction 

Start-ups face financing constraints due to short operating histories, insufficient finan-

cial data, and limited performance records, failing to meet traditional financial institu-

tions' risk control requirements and being excluded from mainstream financing chan-

nels. This severely hinders their expansion or traps them in fund shortages. As an 

innovative equity financing tool, venture capital plays a prominent role in driving 

start-up development. Venture capital institutions adopt rigorous evaluation criteria, 

focusing on technological innovation capabilities, market prospects, and entrepreneur-

ial backgrounds, with patents serving as a core indicator of high growth potential. 
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Among them, green patents—key carriers of technological innovation covering R&D, 
production, and process improvement—aim to reduce environmental damage and
promote sustainable development[1]. They exhibit dual characteristics in attracting 
venture capital: enterprises can gain favor from socially responsible investors through 
environmental innovation, but green patent R&D requires substantial investment and 
has long payback periods, making many institutions cautious[4]. 

This study explores the impact of green patent signals on venture capital acquisi-
tion, innovatively introducing informal institutions (venture capital reputation, entre-
preneurs' backgrounds, and prior financing rounds) as moderating variables to clarify 
the underlying mechanism. The findings provide scientific strategies for start-ups to 
improve financing efficiency and achieve sustainable development. 

2 Theoretical Analysis and Research Hypotheses 

2.1 The Signaling Role of Patent Quantity on Venture Capital 

Signaling Theory, first proposed by Michael Spence in 1973[10], focuses on how
information-advantaged parties transmit reliable signals to influence the judgments of 
information-disadvantaged parties in asymmetric information environments. Zhang et 
al. (2019)[17] point out that enterprise patents reflect not only technological innova-
tion capabilities but also legal compliance, market competitive position, and other
multi-dimensional business information, providing comprehensive decision-making 
basis for venture capital institutions. Sun Defeng (2020)[11] found that patent signals 
significantly improve enterprises' initial financing efficiency by addressing infor-
mation asymmetry in the capital market. LI Jieyu (2025)[6] confirmed through empir-
ical analysis that patent signals effectively improve venture capital institutions' judg-
ments of target enterprises' intrinsic value and enhance financing efficiency. Thus,
this study proposes the following hypothesis: 

H1: The greater the number of green granted patents of a start-up enterprise, the 
larger the scale of venture capital it obtains. 

2.2 The Signaling Role of Patent Quality on Venture Capital 

With the in-depth exploration of Signaling Theory, scholars have found that not all 
information transmission possesses effective signal characteristics. Zhang Guoqing
and Chen Qiusheng (2021)[16] found that high-quality patents not only reflect the
degree of technological innovation but also significantly promote enterprises' innova-
tion efficiency and economic benefits. Zhao Zhongtao and Li Changying (2020)[18] 
also confirmed that high-quality patents create more value for companies by optimiz-
ing financial performance and boosting stock prices. Wei Wenjiang and Zhong Chun-
ping (2023)[13] argue that high-level patents effectively improve enterprises' total 
factor productivity, thereby enhancing profitability and market competitiveness. Thus, 
this study proposes the following hypothesis: 
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H2: The higher the quality of green granted patents of a start-up enterprise, the 
larger the scale of venture capital it obtains. 

2.3 The Moderating Role of Venture Capital Institution Reputation 

Signaling Theory suggests that the effectiveness and efficiency of signal transmission 
depend not only on the quality of information itself but also on the recipient's ability 
to decode it. Zhang Guangting et al. (2019)[15], Yang Yanping et al. (2024)[14] and 
Colombo et al. (2023)[3] found that venture capital institutions with high reputation, 
rich experience, and strong knowledge integration capabilities have stronger infor-
mation absorption and screening capabilities, enabling them to better understand
complex technical details and select high-quality projects. Chen Jin et al. (2016)[2] 
found that high-reputation venture capital institutions can more efficiently address
information asymmetry and no longer rely solely on patent signals to judge invest-
ment target value, weakening the financing effect of patent signals for enterprises.
Based on this, this study proposes the following hypothesis: 

H3: The higher the reputation of venture capital institutions, the weaker the financ-
ing effect of green patent signals from start-up enterprises on venture capital institu-
tion. 

2.4 The Moderating Role of Entrepreneurs' Backgrounds 

Compared with entrepreneurs lacking practical experience, those with rich industry 
experience can form advantages enhancing recognition in the capital market.  Kleinert 
(2024)[5] argues that in terms of technological innovation, the transfer of knowledge, 
capabilities, and experience from "parent companies" to "spin-offs" exerts a profound 
impact on start-up growth. Qi Su et al.,(2020)[9] put forward similar views: compared 
with first-time entrepreneurs or those with failure experience, individuals with IPO 
success experience are more likely to establish new enterprises and develop market-
competitive products or business models. Van (2022)[12] found that entrepreneurs' 
social networks significantly affect entrepreneurial performance; experienced found-
ers often attract high-level managers through social networks, directly influencing 
venture capital institutions' valuation of start-ups. Based on this theoretical founda-
tion, this study proposes the following hypothesis: 

H4: The better the background and richer the experience of start-up entrepreneurs, 
the weaker the financing effect of green patent signals from start-up enterprises on 
venture capital institutions. 

2.5 The Moderating Role of Prior Financing Rounds 

Patents, as core assets, play an important role in the initial stage of enterprises' exter-
nal resource acquisition. However, the promotional effect of patent signals on venture 
capital acquisition is not constant and weakens as the risk of intellectual property
leakage increases. Ma Zhongfa and Xie Diyang (2020)[7] argue that as enterprise
scale expands, the risk of illegal acquisition of innovative achievements by competi-
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tors—i.e., intellectual property leakage—increases significantly. Zhao Zhongtao and 
Li Changying (2020)[18] note that in large-scale social network environments, while 
"plagiarists" suffer reputational losses, which inhibits malicious competition among 
peers to a certain extent, it also creates the possibility of "plagiarized" enterprises
losing their innovative achievements. Meng and Li (2019)[8] argue that enterprises' 
patents play an important role in attracting venture capital institutions, with signifi-
cant financing signaling functions. However, this effectiveness is not constant but
gradually weakens with increasing investment rounds. Thus, this study proposes the 
following hypothesis: 

H5: The more prior financing rounds of a start-up enterprise, the weaker the fi-
nancing effect of green patent signals on venture capital institutions. 

3 Research Design 

3.1 Data Sources 

Data in this study are sourced from multiple authoritative platforms, including PEda-
ta, PatSnap Global Patent Database, CVSource Database, and CSMAR Database. A 
dataset of 581 financing sample enterprises spanning 2000–2024 is obtained for sub-
sequent detailed analysis. 

3.2 Variable Definitions 

To clarify the measurement standards of research variables, the definitions of core 
variables, moderating variables, and control variables are shown in Table 1. 

Table 1. Variable Definitions 

Variable 

Type 
Variable Name 

Variable

Symbol
Variable Definition 

 

 

Dependent 

Variable 
Venture Capital Amount VC_Scal Investment amount in this round e 

Quantity of Green Patents NU_Pat
Total number of granted invention patents and utility 

model patents 
 

Independent 
Patent width = 1−Σα², where α represents the proportion 

Variables 
Quality of Green Patents QU_Pat of each Main Group classification in the patent classifi-

cation number 

 

Moderating 

Variables 
Venture Capital Reputation Rep Ln(1 + number of successful exits) 

1 if with experience in founding enterprises or financing; 
 Entrepreneurs' Backgrounds Xp 

0 otherwise 

 Prior Financing Rounds Rnd 
1 if this financing round is among the first 3 rounds; 0 

otherwise 

Control 

Variables 
Enterprise Age Age Number of years since the start-up was established 



 
jing/Shanghai/Guangzhou/Shenzhen 

Area 1 if located in the above cities; 0 otherwise 
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 Enterprise Scale Size Registered capital of the enterprise  

 Nature of Enterprise Property Rights 

 Equity Concentration 

PR 

Crn 

1 for state-owned enterprises; 0 for private enterprises 

Degree of concentration or dispersion of shareholders' 

shareholding ratios before financing 

Location in Bei-

 Equity Ratio of Participating Institutions Pct  Equity ratio of venture capital institutions after financing 

3.2.1 Analysis Models. 
This study uses multiple regression analysis and designs models to examine the 

impact of green patent signals from start-ups on venture capital, as well as the moder-
ating roles of venture capital institution reputation, entrepreneurs' backgrounds, and 
prior financing rounds, based on the five hypotheses above. The specific formulas are 
as follows: 

 VC_Scale=a0+a1NU_Pat+βk∑Control+ε                         (1) 

 VC_Scale=a0+a1QU_Pat +βk∑Control+ε                         (2) 

 VC_Scale=a0+a1NU_Pat+a2Rep+a3NU_Pat*Rep+βk∑Control+ε       (3) 

 VC_Scale=a0+a1QU_Pat+a2Rep+a3QU_Pat*Rep+βk∑Control+ε       (4) 

 VC_Scale=a0+a1NU_Pat+a2Xp+a3NU_Pat*Xp+βk∑Control+ε         (5) 

 VC_Scale=a0+a1QU_Pat+a2Xp+a3QU_Pat*Xp+βk∑Control+ε         (6) 

 VC_Scale=a0+a1NU_Pat+a2Rnd+a3NU_Pat*Rnd+βk∑Control+ε       (7) 

 VC_Scale=a0+a1QU_Pat+a2Rnd+a3QU_Pat*Rnd+βk∑Control+ε       (8) 

4 Empirical Results and Analysis 

4.1 Descriptive Statistical Analysis 

Table 2 shows significant differences in green patent quantity/quality among samples, 
meeting research needs. 

Table 2. Descriptive Statistical Results 

Variable Sample Size Mean Standard Deviation Minimum  Maximum 
VC_Scale 581 7.711 0.597 5.075 9.024 
NU_Pat 581 11.148 12.321 1 58 
QU_Pat 581 17.485 12.651 3.257 89 

Rep 581 3.032 0.765 0.693 3.912 
Xp 581 0.589 0.493 0 1 
Rnd 581 0.468 0.499 0 1 
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Age 581 18.632 5.010 3 25 
Size 581 6.526 0.813 3.912 8.036 
PR 581 0.081 0.273 0 1 
Crn 581 52.896 22.120 6.308 100 
Area 581 0.246 0.431 0 1 
Pct 581 17.567 7.294 10.370 65  .560

4.2 Regression Analysis 

Columns (1) and (2) in Table 3 verify H1. This indicates that more green granted 
patents reflect stronger innovation capabilities and market competitiveness of start-
ups. Columns (3) and (4) verify H2. This shows that high-quality green patents are 
important carriers of technical information, playing a key role in start-ups' acquisition 
of financial capital. 

Table 3. Regression Results of the Impact of Green Patent Signals on Venture Capital 

(1) (2) (3) (4) 
VC_ cale S

NU_Pat 0.042***(0.001) 0.035***(0.001)   
QU_Pat    0.013***(0.002) 0.008***(0.001) 

Age  0.006***(0.002)  0.007**(0.004) 
Size  0.220***(0.015)  0.471***(0.022) 
PR  -0.014(0.037)  -0.066(0.065) 
Crn  0.002***(0.001)  0.001(0.001) 
Area  0.004(0.023)  -0.028(0.041) 
Pct  -0.002(0.001)  -0.003(0.002) 

_Cons 7.239***(0.016) 5.723***(0.104) 7.484***(0.041) 4.424***(0.171) 
Year Yes Yes Yes Yes 

N 581 581 581 581 
R2 0.764 0.838 0.760 0.798 

*Note: 1)*p<0.1, **p<0.05, **p<0.01; 

Table 4 further examines the moderating effects. Column (1) shows that venture 
capital reputation exerts a negative moderating effect on the relationship between
green patent quantity signals and venture capital scale, which is significant at the 1% 
confidence level. Column (4) indicates that the moderating role of venture capital
reputation in the relationship between green granted patent quality signals and venture 
capital scale is insignificant. Column (2) reveals that entrepreneurs’ backgrounds have 
a negative moderating effect on the relationship between green patent quantity signals 
and venture capital scale, which is significant at the 1% confidence level. Column (5) 
shows that the moderating effect of entrepreneurs’ backgrounds on the relationship 
between green patent quality signals and venture capital scale is insignificant. Col-
umns (3) and (6) demonstrate that prior financing rounds exert a negative moderating 
effect on the relationships between green patent quantity signals, green patent quality 
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signals, and venture capital scale, which are significant at the 1% and 10% confidence 
levels, respectively. 

Table 4. Regression Results of the Moderating Effect 

Variable (1) VC_Scale  (2) VC_Scale (3) VC_Scale (4) VC_Scale (5) VC_Scale (6) VC_Scale 

NU_Pat 0.040***(0.004 0.049***(0.003) .030***(0.001) ) 0    

QU_Pat    0.010*(0.006) 0.005**(0.002) 0.009***(0.002)  

NU_Pat*Re  -0.002*(0.001)p       

NU_Pat*X  p 0.017***(0.003  )    

NU_Pat*Rn   d  .023***(0.003)-0     

QU_Pat*Re   p   -0.001(0.002)   

QU_Pat*X  p    0.004(0.003)  

QU_Pat*Rn   d     -0.004*(0.003) 

Rep 0.020(0.018)   0.015(0.040)   

Xp  0.204***(0.029  )  0.287***(0.059  ) 

Rnd   .326***(0.029)-0    -0.393***(0.056) 

Age 0.006***(0.002 0.006***(0.002) 0.004**(0.002) ) 0.007**(0.004) 0.006*(0.003)  0.004(0.003) 

Size 0.220***(0.015 0.191***(0.015) .162***(0.014) ) 0 0.471***(0.022 0.384***(0.023) 0.332***(0.022) ) 

PR -0.017(0.037) 0.002(0.035) 0.012(0.033) -0.067(0.065) -0.031(0.061) -0.019(0.057) 

Crn 0.002***(0.001 0.002***(0.001) .002***(0.001) ) 0 0.001(0.001) 0.001(0.001) 0.001(0.001) 

Area 0.004(0.024) 0.005(0.023) 0.010(0.021) -0.029(0.042) -0.042(0.038) -0.032(0.036) 

Pct -0.002(0.001) -0.002*(0.001) 0.002*(0.001)  - -0.003(0.002) -0.003(0.002) -0.003(0.002) 

_Cons 5.664***(0.117 5.815***(0.101) .296***(0.108) ) 6 4.383***(0.206 4.868***(0.167) 5.585***(0.178) ) 

Year Yes Yes Yes Yes Yes Yes 

N 581 581 581 581 581 581 

R² 0.839 0.851 0.868 0.698 0.668 0.613 

5 Robustness Tests 

5.1 Endogeneity Test 

To address sample selection bias, this study divides the quantity and quality of green 
granted patents into two groups: the experimental group (above the mean) and the 
control group (below the mean). Univariate analysis is conducted on different groups 
to judge the impact of patent signal intensity on enterprise financing. Table 5 shows 
the results of grouped univariate tests. Significant differences exist between mean
tests and median tests, confirming that green granted patent intensity has a genuine 
signaling effect on venture capital. 
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Table 5. Results of Grouped Univariate Tests 

Variable 
Low Group

(Sample) 

Low Group

(Mean) 

 Low Group

(Median) 

 High Group

(Sample) 

 High Group

(Mean) 

 High Group

(Median) 

 
Mean 

 
Median Test Test 

NU_Pat 395 4.339241 3 186 25.60753 21 -32.769  307.6665*** 9***

QU_Pat 417 12.05465 12.121 164 31.29124 23.6625 -22.625  229.6635*** 3***

Subsequently, Propensity Score Matching (PSM) is used. Based on the division of 
the experimental group and the control group, the nearest neighbor matching method 
is adopted to measure the difference in the impact of green patent signal intensity on 
start-up financing. The results show significant differences in venture capital perfor-
mance between the experimental group and the control group, confirming that green 
patent granted signals have a significant promotional effect on start-up financing. 

5.2 Replacement of Independent Variables 

The number of patent applications reflects enterprises' innovation investment intensity 
and technical reserve capabilities. Here, the quantity and quality of applied green
invention patents and utility model patents are used to replace the quantity and quality 
of granted green patents in the independent variables, and the replacement indicators 
are incorporated into the model for regression analysis. The conclusion remains valid. 

6 Heterogeneity Analysis 

6.1 Considering Differences in Equity Concentration 

Samples are divided into state-owned and private enterprises based on the nature of 
start-ups' equity. The results show a significant positive correlation between green
granted patent signals and venture capital. This may be because start-ups can avoid 
information asymmetry through patent signal transmission, helping venture capital
institutions accurately evaluate enterprise quality and increase investment in high-
quality enterprises. 

6.2 Considering Differences in Enterprise Location 

Samples are divided into two regional groups: Bei-
jing/Shanghai/Guangzhou/Shenzhen and other regions based on start-ups' locations. 
The results indicate a significant positive correlation between green patent signals and 
venture capital. This means that both start-ups in regard green patent quality as a core 
consideration when evaluating a start-up's technological innovation capabilities, rec-
ognizing its importance. 
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7 Research Conclusions and Recommendations 

Based on Signaling Theory, this study empirically examines the impact of green pa-
tent signals from start-ups on venture capital, with informal institutions as moderators. 
Key findings are summarized as follows: Green patent quantity and quality both exert 
a significant positive effect on venture capital scale, which is robustly validated by 
endogeneity tests. High venture capital institution reputation and more prior financing 
rounds weaken the financing effect of green patent quantity signals (insignificant for 
quality), while entrepreneurs with rich backgrounds strengthen the positive impact of 
both patent quantity and quality. Heterogeneity analysis reveals no significant differ-
ential effects of equity nature or regional location on the relationship between green 
patent signals and venture capital. The findings enrich the application of Signaling 
Theory in venture capital research, especially by clarifying the heterogeneous moder-
ating roles of informal institutions. Practically, they provide actionable insights for 
start-ups to optimize financing strategies, venture capital institutions to improve capi-
tal allocation efficiency, and governments to guide sustainable investment. 

References 

1 Bellucci A, Berrone P, Cennamo C, et al. Green patents and firm performance: The mod-
erating role of the green innovation strategy[J]. Journal of Business Research, 2023: 155-
159. 

. 

2 CHEN Jin, TANG Songlian, ZHANG Mingjue, et al. Patent Signals of Start-Ups and Ven-
ture Capital Valuation—Breakthrough and Incremental Innovation Patents and Risk Con-
text Factors[J]. Quarterly Journal of Management, 2016, 11(4): 72-93, 136-137. 

. 

3 Colombo M G, Guerini M, Hoisl K, et al. The dark side of signals: Patents protecting radi-
cal inventions and venture capital investments[J]. Research Policy, 2023, 52(5): 104741. 

. 

4 GUAN Jian, DENG Fang, CHEN Mingshu, et al. Founders' Human Capital and Innovation 
in High-Tech Start-Ups: A Moderated Mediating Model[J]. Management Review, 2022, 
34(6): 90-102. 

. 

5 Kleinert S. The promise of new ventures' growth ambitions in early-stage funding: On the 
crossroads between cheap talk and credible signals[J]. Entrepreneurship Theory and Prac-
tice, 2024, 48(1): 274-309. 

. 

6 LI Jieyu. Can Green Patents Alleviate Enterprises' Financing Constraints?—An Empirical 
Test Based on the Difference-in-Differences Method[J]. Journal of Henan Normal Univer-
sity (Philosophy and Social Sciences Edition), 2025, 52(1): 91-98. DOI:
10.16366/j.cnki.1000-2359.2025.01.13. 

. 

7 MA Zhongfa, XIE Diyang. Legal Risk Control of Securitization of Patent Financial Leas-
ing[J]. Journal of Central South University (Social Sciences Edition), 2020, 26(4): 58-70. 

. 

8 MENG Dabin, LI Yang. Patent Signals, Venture Capital Financing and the Growth of 
Start-Ups—A Study Based on Micro-Survey Data of 178 Start-Ups[J]. Chinese Journal of 
Economic Issues, 2019, 61(2): 43-55. 

. 

9 QI Su, LIU Lichun. The Impact of Start-Ups' Patents on Venture Capital Decisions—An 
Empirical Analysis Based on Chinese GEM Listed Companies[J]. Science Research Man-
agement, 2020, 41(10): 227-237. 

. 



 

 

10 Spence M. Job market signaling[J]. The Quarterly Journal of Economics, 1973, 87(3): 
355-374. 

. 

11 SUN Defeng, FAN Conglai, HU Hengqiang. The Impact of Venture Capital Stage Selec-
tion on the Improvement of Enterprises' Innovation Capabilities[J]. Commercial Research, 
2020, 63(8): 71-81. 

. 

12 van Burg E, Elfring T, Cornelissen J P. Connecting content and structure: A review of 
mechanisms in entrepreneurs' social networks[J]. International Journal of Management
Reviews, 2022, 24(2): 188-209. 

. 

13 WEI Wenjiang, ZHONG Chunping. Venture Capital and Enterprise Innovation in China: 
Performance and Mechanism—An Empirical Study Based on the Semiconductor Indus-
try[J]. Henan Social Sciences, 2023(2): 47-55. 

. 

14 YANG Yanping, FAN Xiuxiu. The Impact of Innovation Capabilities of Strategic Emerg-
ing Enterprises on Venture Capital from the Perspective of Patent Signals[J]. Science & 
Technology Progress and Policy, 2024, 41(4): 100-110. 

. 

15 ZHANG Guangting, WANG Yue, LI Jiajiao. The Reputation Mechanism of Venture Capi-
tal, Value-Added Services and IPO Exit Returns[J]. Fudan Journal (Social Sciences Edi-
tion), 2019, 61(6): 151-164. 

. 

16 ZHANG Guoqing, CHEN Qiusheng. Discussion on Patent Financing Issues of Small and 
Medium-Sized High-Tech Enterprises[J]. Chinese Certified Public Accountant, 2021,
266(7): 102-104. 

. 

17 Zhang L L, Guo Y, Sun G L. How patent signals affect venture capital: the evidence of 
bio-pharmaceutical start-ups in China[J]. Technological Forecasting & Social Change, 
2019, 145: 93-104. 

. 

18 ZHAO Zhongtao, LI Changying. How Does Patent Quality Affect Enterprise Value[J]. 
Economic Management, 2020, 42(12): 59-75. 

. 

The Impact of Green Patent Signals from Start-Up Enterprises on …             327

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	The Impact of Green Patent Signals from Start-Up Enterprises on Venture Capital Acquisition



