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A. Extended Literature Review
A.l. The influence of university research: overview

The literature tends to portray universities as specializing in basic research while
depicting corporates as focusing on technology development and commercialization
(Jaffe, 1989; Rosenberg and Nelson, 1994; Trajtenberg, Henderson, and Jaffe, 1997).
Such specialization in technology development in turn calls for technologies transfers

between universities and corporates and across-sector synergies in innovation. !

The influence of universities on industry R&D and innovation has been studied
since Nelson (1986) and Levin et al. (1987): their surveys suggest that university
research is perceived as relevant for industry technological development, especially in
high-tech industries including computer science, biotechnology, and medical and
agricultural science. Jaffe (1989) shows that university research budgets positively
influence local firms’ patent outputs in medical technology, electronics, optics, and
nuclear technology. Acs, Audretsch, and Feldman (1992, 1994) find a positive relation
between universities’ R&D spending and local firms’ innovation activities; moreover,
this relation intensifies with geographic proximity. The survey of Cohen, Nelson, and
Walsh (2002) also supports the positive influence of public research (conducted in
either academia or government labs) on industrial R&D. Narin, Hamilton, and Olivastro
(1997) find that references from U.S. patents to U.S.-authored research papers have
tripled between the late-1980s and early-to-mid-1990s, confirming the linkages
between current public research (conducted in either academia or government labs) and
industrial technology. Sorenson and Fleming (2004) and Hsu et al. (2021) pointed out
that the forward citations and value of corporate patents are positively associated with
their backward citations to basic research. All these discussions collectively support the
pivotal role of university research and spillover on industrial technology.

! Lacking complementary assets, universities suffer from a low direct commercialization rate of technologies. For
example, Hsu et al. (2021) document that only 16% of patent value is realized through university licensing. Industry-
university collaboration (IUC) is an essential mechanism to solve such dilemma (Lee, 1996; Hanel and St-Pierre;
2006; Bruneel, D’Este, and Salter, 2010; Perkmann, King, and Pavelin, 2011).
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There are also studies that suggest that the impact of university spillover on
industrial technology is smaller than that of between-firm spillovers (e.g., Klevorick et
al., 1995). Prior studies have shown the importance of between-firm technology
collaboration and cross-learning (Powell, Koput, and Smith-Doerr, 1996; Cassiman and
Veugelers, 2002), which lowers the R&D costs and increases the quantity and quality
of firms’ innovation outputs (Belderbos, Carree, and Lokshin, 2004; Scandura, 2016).
The collaboration between universities and corporates is an important form of
technology partnership but whether and how such collaboration enhances firms’
innovation performance remains under debate (e.g., Mowery et al., 2004) and still needs
further empirical analysis. Some prior studies have also pointed out the barriers and
obstacles in such collaborations (Siegel, Waldman, and Link, 2003; Bruneel, D’Este,
and Salter, 2010).

From universities’ perspective, there is an extensive set of prior studies focusing
on universities’ missions and incentives on IUC (such as Link and Siegel, 2005; Siegel

9 ¢

and Wright, 2015), which has been considered as universities’ “third mission” other
than research and education (Perkmann et al., 2013).2 Successful IUC will bring
compensation and visibility to university scientists (Owen-Smith and Powell, 2001;
D’Este and Perkmann, 2011; van Rijnsoever, Hessels, and Vandeberg, 2008); thus, they
will have incentives to work with companies which can offer complementary resources.
In particular, science and engineering faculty seek corporate partners for resources
relevant to their research activities and the opportunities to learn about potential
markets (Lee, 2000; D’Este and Perkmann, 2011). In addition, faculty members’ IUC
experience may even help students (Lin and Bozeman, 2006). Some studies suggest a
positive relation between faculty members’ research output and engagement in ITUC
(e.g., Blumenthal et al., 1996), while some find no association (e.g., Gulbrandsen and

Smeby, 2005).

The positive effect of [UC on corporate innovation has been well-documented in
the literature (Gittelman and Kogut, 2003; Walsh, Lee, and Nagaoka, 2016; Scandura,
2016). We note that prior studies on the effects of [UC on corporate innovation are
mainly based on survey data in developed countries.> Collaborating with universities
is particularly relevant for Chinese firms that tend to have shorter histories and weaker

R&D capabilities. In addition, universities serve as hubs of social networks in Chinese

2 Nevertheless, Huang and Murray (2009) show that increased academic patenting may have a negative impact on
knowledge diffusion. In addition, Hsu, Hsu, and Zhao (2021) document that only a small fraction of patent value is
realized through university licensing in the U.S.

3 An incomplete list of prior studies includes Azagra-Caro et al. (2006), D’Este and Patel (2007), Motohashi and
Yun (2007), Segarra-Blasco and Arauzo-Carod (2008), Perkmann and Walsh (2009), Bruneel, D’Este, and Salter
(2010), Giuliani et al. (2010), D’Este and Perkmann (2011), Motohashi and Muramatsu (2012), Hewitt-Dundas
(2013), Scandura (2016), among others. Using an IUC survey among U.K. firms, Scandura (2016) find that firms
participating at IUC projects are associated with significant increases in R&D investment.
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society (Obukhova, Wang, and Li, 2012) and may thus enable collaborating firms to
access broader knowledge and technology sources. All these make it important for us

to examine the effects of [UC in China.

There is an increasing trend for Chinese firms to engage in IUC (Motohashi and
Yun, 2007), and local surveys suggest that over 10% of firms engage in research
collaboration with universities. At the same time, these surveys also highlight firms’
challenges in engaging with universities. In a survey of 950 Beijing firms in 1996, 18%
of high-tech firms consider research institutes and universities as important research
input and 19% of them collaborate with research institutes and universities in their new
product development (Guan, Yam, and Mok, 2005). In this survey, “Lack of efficient
communication channel” was ranked as the top barrier for the acquisition of research
results from R&D institutes and universities. In fact, the item was ranked as the top
three barriers by 57% of high-tech firms. In another survey of 703 private enterprises
in Shanghai in 2006, 14% of firms have conducted joint research with universities (Wu
and Zhou, 2012). In this survey, common obstacles to collaboration with universities
include “difterent perception of technology maturity and timeliness” (23%), “university
R&D lagging behind market trends” (23%), “university R&D too expensive” (17%),
and “lack of intermediary for information exchange” (14%).

Several studies support a positive relation between Chinese firms’ R&D investment
and their IUC activities. Motohashi and Yun (2007) use the NBS survey and find that
firms with higher internal R&D are also more likely to outsource R&D to universities,
research institutes, and other firms. Zhou (2012) shows that firms with higher R&D
investment are more likely to engage in research partnership with universities rather
than other research institutes or peer firms. In addition, Brehm and Lundin (2012) find
a complementary relationship between capabilities of acquiring external knowledge

and exploiting such knowledge among Chinese firms.

However, Arora, Belenzon, and Patacconi (2018) have documented a consistent
decline in corporates’ investment in scientific research since the 1980s, which is
especially true when their knowledge creation results in spillovers to rivals (Arora,
Belenzon, and Sheer, 2020). A similar pattern is also observed in China. Motohashi and
Yun (2007) find an increasing trend in Chinese manufacturing firms’ outsourcing R&D
to universities and public research institutes (PRIs) for the 1996-2002 period. The
declining efforts in corporate scientific research due to intensified technology
competition and declining appropriability of scientific research implies an increasingly

important role of IUC in corporate innovation.

The effect of IUC varies by industries. Pavitt (1984) analyzes the technological

changes of 2,200 innovations in the U.K. since 1945 and categorize them into four
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categories: science-based firms, supplier-dominated firms, and scale-intensive firms.
The Yale Survey of 650 industry experts reports that university research is perceived as
relevant for industry technological development, especially in agriculture, drug,
engineering and scientific instruments, and semiconductors (Nelson, 1986; Klevorick
et al., 1995). Mansfield’s (1991 and 1998) survey of managers and technicians in 76
U.S. firms suggests that academic research is particularly fundamental to drugs and
medical products, instruments, and information processing industries. Cohen, Nelson,
and Walsh (2002) find clear differences in the impacts of public research on corporate

innovation across industries using a survey of 1,478 R&D labs.

Such industry heterogeneity also occurs to China: Motohashi and Yun (2007) find
that more than 30% of Chinese firms’ collaborations with research institutes and
universities occur in drugs and petrochemicals industries that are more science-
dependent. Also, Brehm and Lundin (2012) show that universities’ impact on corporate
technology commercialization is contingent on industries’ dependence on external

knowledge.
In addition, the effect of IUC also varies by locality in China: Hong (2008) argues

that, due to the uneven distribution of economic development and institutional
environments, firms in underdeveloped regions are subject to great disadvantages in
university spillovers. Hong and Su (2019) find that Chinese firms’ collaborations with
universities are closely related to geographic distance; and geographic distance also
moderates other factors including social proximity, institutional proximity, and

university reputation.
A.2. The influence of university research: corporate technology commercialization

Previous studies, such as Eisenhardt and Schoonhoven (1990), Nevens, Summe,
and Uttal (1990), Brown, Berry, and Goel (1991), George, Zahra, and Wood (2002),
Eesley, Hsu, and Roberts (2014), among many others, have identified that the
composition of research teams, technological capacity, market position, management
techniques, and corporate culture are factors that influence the effectiveness of a firm’s
technology commercialization. This study adds to this stream of the literature by
showing IUC as an additional driving force, which complements the finding of
Mansfield (1991).

The effect of IUC on technology commercialization is important yet lacking large-
scale empirical analysis in the literature for the following reasons:* first, prior IUC

research tends to focus on the benefits to universities rather than corporates (e.g., Link

4 Some of the earliest work in this domain include Mansfield’s (1991) survey of 76 firms suggesting that prior
academic research facilitates about 10 percent of new products and processes. In addition, using a survey among 517
European firms, Kaufmann and Tédtling (2001) find that firms’ forming partnership with universities is related to a
higher probability of product inventions.
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and Siegel, 2005; Siegel and Wright, 2015). Second, due to the lack of firm-level
technology commercialization data, empirical studies for corporate innovation often
rely on firms’ patents and inventions instead of their revenue from these innovations.
In addition, those with firm-level technology commercialization data are based on

> Third, universities lack

small-scale survey data in developed countries.
complementary assets and related experience for commercialization. For example, Hsu
et al. (2021) document that only 16% of patent value is realized through university

licensing.

As shown in Figure OA.1 Panels A and C, the number of Chinese IUC patents and
papers per year increases dramatically from 1994 to 2016, reflecting both universities’
and corporates’ increasing efforts in collaborative innovation. In comparison, the
number of [UC patents filed in the U.S. from 1994 to 2016 is quite stable, as shown in
Panel A.° In addition, as illustrated in Figure OA.1 Panel B, the ratio of IUC patents as
compared to all university patents (in the black dotted line) in China fluctuates around
4% — it increases dramatically from 1999 to 2002 but declines gradually thereafter.’
A similar pattern appears in Panel C when we examine [UC papers to university papers
(in the black dotted line). In contrast, the ratio of IUC patents relative to all university
patents (in the grey dotted line) in the U.S. remains at 9% in Panel B — this comparison
probably reflects the fact that U.S. universities are better at technology transfer. When
we examine the ratio of [UC patents over corporate patents, we find that this ratio is
higher in China (the black dashed line) compared to the same ratio in the U.S. (the grey
dashed line) in Panel B, suggesting that [UC may play an important role in Chinese

firms’ innovation development. This warrants further investigation in future research.

3 Prior studies on firm-level technology commercialization are mainly based on small-scale survey data in developed
countries. For example, Kaufmann and T6dtling (2001) use a survey of 517 firms in European regions; Becker and
Dietz (2004) consider a manufacturing industry survey of about 2,900 firms in Germany; Belderbos, Carree, and
Lokshin (2004) use community innovation surveys of 2,056 in the Netherlands; Motohashi (2005) studies an industry
survey of 724 firms in Japan; Berchicci (2013) consider a survey on about 2,900 Italian manufacturing firms between
1998 and 2004; Maietta (2015) examines a manufacturing industry survey of 1,744 firms in Italy; Walsh, Lee, and
Nagaoka (2016) studies a survey of about 1,900 inventors in the U.S.

¢ For the US data, we use the PatentsView database and examine the assignee codes of all co-assignees
of a patent to identify if it is assigned to a company and a university or research organization.

7 The rise and fall of the ratios of [UC patents over corporate patents before and after 2003 are probably
driven by a series of policies that affected universities’ incentives in collaboration with industry. Since
the economic reforms of the 1980s, the central and local governments encouraged universities to run
enterprises to gain additional funding. As universities spin off their laboratories and research centers as
firms (still affiliated with universities), it is likely that the patents invented in these business units are co-
assigned to both the university-run firms and the universities. These spin-offs are dropped from our
sample because we exclude firms that have joint patenting with universities in their first five years.
However, the central government later clarified that university-run firms should promote technology
transfer and incubate high-tech enterprises. Starting from late 2002, universities gradually divested their
shares in firms that are regarded as “non-scientific” or “non-technological.” Since then, patents invented
in a large number of formerly university-run enterprises are not assigned to universities.
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Figure OA.1: Time Series of IUC Patents and Papers in China and the U.S.

In Panel A, the black and grey lines represent the numbers of corporate patents applied (and eventually granted) in
year ¢ in China and the U.S., respectively. In Panel B, the black and grey dashed lines represent the ratios of industry-
university collaborative patents applied (and eventually granted) in year ¢ over corporate patents applied (and
eventually granted) in year ¢ in China and the U.S., respectively. The black and grey dotted lines represent the ratios
of industry-university collaborative patents applied (and eventually granted) in year ¢ over university patents applied
(and eventually granted) in year ¢ in China and the U.S., respectively. In Panel C, the solid line represents the number
of IUC papers published in year ¢ in China; the dashed black and grey lines represent the ratio of IUC papers divided
by corporate papers and university papers, respectively. A patent is defined as industry-university collaborative if it
is assigned to both a university and a corporate. A paper is defined as industry-university collaborative if it is
affiliated with both a university and a corporate. Sample period: 1994-2016.
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A.3. The influence of university research: micro foundations

Our literature review suggests two micro foundations for [UC to enhance corporate
innovation and technology commercialization: knowledge acquisition and talent
recruiting (Prager and Omenn, 1980; Mowery and Ziedonis, 2014). As argued by Prager
and Omenn (1980), firms could benefit from IUC for “additional sources of ideas,
knowledge, and technology on which to base potential new products and processes.”
The survey of R&D managers by Cohen, Nelson, and Walsh (2002) points out that firms
indeed learn from universities through published papers and reports, public conferences
and meetings, informal information exchange, and consulting. The literature on
between-firm collaboration has documented that collaboration facilitates cross-learning
(Powell, Koput, and Smith-Doerr, 1996; Cassiman and Veugelers, 2002), which is
likely effective in IUC because learning from university research lowers the R&D costs
of firms (Belderbos, Carree, and Lokshin, 2004; Scandura, 2016).

Human capital from universities is another important aspect. Prager and Omenn
(1980) argue that firms could benefit from IUC for “source of potential research
employees sympathetic to industry needs.” As IUC creates opportunities for university
researchers and corporate managers and R&D staff to interact, it could increase inventor
flows into industry (Lee, 1996). As patent inventors from universities can bring in new
knowledge that are complementary to research experience of incumbent corporate
R&D staff, such inflow is conducive to corporate innovation (@Dstergaard, Timmermans,
and Kristinsson, 2011; Qian et al., 2013; Che and Zhang, 2018). In addition, there may
exist synergies from the integration of basic research and commercial development that
may enhance innovation efficiency. This is supported by the individual- or patent-level
data: Gittelman and Kogut (2003) show that scientists who are capable in both
publishing at academic journals and patenting can produce more influential patents, and
Walsh, Lee, and Nagaoka (2016) find that U.S. patents resulting from collaboration
with universities are associated with higher technical significance. Recent studies, such
as Seo and Somaya (2022) and Piezunka and Grohsjean (2023), examine inventor

mobility following inter-firm collaboration.
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B. Categorization of Product-Oriented Patents

In the Chinese setting, a process-oriented patent application always specifies
“process” words (“7r ik,” “LZ.,” or “iT#2” in Chinese).® As an illustration, compare
the following patent examples #1 and #2. In the patent application document of Patent
Example #1, its title ends with “7 #%.” When we look into its abstract, it claims that
this innovation is expected to simplify and reduce the costs of a manufacturing process
of recombinant enterokinase. In the patent application document of patent example #2,
its title does not have the “process” feature. It is confirmed as a product-oriented patent,
since its abstract claims that this patent invents a new electronic component.

Some product-oriented patents invent new products with new processes. In the
patent application documents of patent examples #3 and #4 below, even though these
patents propose new processes, their titles and abstracts imply that their main focus is
to invent new products (i.e., a coffee machine and an electrical equipment). Thus, they
are categorized as product-oriented patents. Following the rule of thumb, the title of
patent example #3 does not end with words of “processes.” Even though the title of
patent example #4 ends with words of “processes,” it has a word of “& . (translated
into English as “and its”), indicating that the new product is accompanied by a new
process.

8 Liu, Sojli, and Tham (2020) and Ganglmair, Robinson, and Seeligson (2022) develop algorithms to exploit the
English text of patent titles and claims to assign U.S. and international patents into product- and process-oriented
patents.

Online Appendix p.8



Patent Example #1: Process-Oriented Patents

(19)rhtE AR HMEERFIR~NE
4D (12) KB E FIFRIR
»*

(10)EAIEFLTRS CN 108265042 A
(43)EAiELAFH 2018.07. 10

(21)ER{ES 201611258115.6
(22)ERiEH 2016.12.30

(TOERIBA {19575 MR 24 45 TR BT 2
Hifk 221004 T3 fRMH S E FF T
R E AL ke e
BRiFA LS R EERDBRGHR AR
(7 EBAA CRE M S =N

(51)Int.Cl.
C12N 9/64(2006.01)
C12N 15/57(2006.01)
CI12N 15/70(2006.01)

BORERB20 S8 H
BRI R D)

(54) 2 BAZFR

— o o L i W ) i
(57)iHE

A BRI T — it o T AL B i 0 4
FIT RS (DR FER ARG, ridfh & &
19 7 3 AN B Cig Tk 48+ 100-250 4 Sk
Fr 21 i e 41 s (2D B3 b4 R N I AR )
100-250~ 8 3L e 5 5 3K 49 T 40 i v ils , T iR L
E P S (1) U BE G I B M Seq 1D No. 1, 217 R
F%NSeq 1D No.4.7 % BT ikml & T8
fi] 5 LR A, O i Atk MR O Bali ik
TSR W 0Ly (4 ) % 1) o 2L R v P v
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Patent Example #2: Product-Oriented Patents

(19) i \R HAEERAIR~E
. *‘p (12) L% e
**

(10)ERIFLTRS CN 107204534 A
(43)ERiFAFH 2017, 09. 26

(21)EBiES 201610151963.0
(22)ERiEH 2016.03.17

(7)) BN 7 L HECE WL WG - R 2 &)
#phit 215316 LR 25 M TR iy F b
AL 18659995
BRI R R A AT R 44 )
A e, i i AT R 22 )
(72)EBAA BEFE BANE GRE HEE
LIRS = i
(51)Int.CI.
HOTR 13/502(2006.01)
HOIR 13/717(2006.01)
HOTR 13/73(2006.01)
HOIR 12/73(2011.01)

BAERATL B4 BRESTT

(54) &R ZFR
S B O R AL
(57 imE
SRS U Ok, Bl DLk & |
F¢ T Brik g A (R B9 345 T S o o 7 B it T
e AR Y & R IT . Brid AR R AT I
H 7 ) 0E 110 o OOk 7 T 2B A I S AT i
4 5T (16 5 35 B LA B 2 T Tk g 5 e o o BT
[E1f op g B, B3t S e IRV T R T
i o B b 30 A i o e 4 A < B A
S A ey D005 5 A ) EC A/ TR 1) g 11 s
iR SR I BRI E T TR SN i S
FEAR < BT 4 ) 70 P G 45 G BTk 1T 488 Aeb e 0 i
TR S B U 50 5 o A R — 1)
P9 25477 2 A AT R A BT IR TR SR S T
| AR SR b G S T L e R T

5 BE, AL ] ASE .
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Patent Example #3: Product-Oriented Patents

(19) e AR HAMEERFIR =S
=, (12) BAE FIFRIK

(10) BRI S CN 111436829 A
(43)ERiENF A 2020. 07. 24

(21)ERiES 2019100399442

(22)EAiEH 2019.01.16

(TOERRIBEA Bt b B R A =
btk 519070 /AR EBRE A ME AL &

G PHERTBI S

(T2RBAA R PrB

(7T4) EFIRIBHA JbntMEHImHE S 11522
REBA Bk

(51)Int.Cl.

A47J 31/42(2006.01)
A47J 31/44(2006.01)

B R a2 BeRET O B P4 0T

(54) % AR &R
i 4% v o A R
(57) 1% 5811
A% F A AR L — BRI ) 81 70 7 i o e TR TERITE '
FIHEHL L e 15 B L 045 R AR, BT
Wi AR F P B A TR  SRIBUBEE , T W e : —S12
P T s A SRR, T AR e B R R
e 5 N 5 B SR H sk B s T
£ ) 5« A PR e TR0 1 7 A
el 3 0 R < o mh e A S w5 TP S B 1 7%
B 2 MR S A B AT RIE T

féﬁ;ﬁﬁ?ﬁﬂf’i—"l’i’-ﬁmulﬁﬁlémJ"ff’-JI 10, P27 T H B R

S13

S14
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Patent Example #4: Product-Oriented Patents
(19) e AR HAEERFR ~H5E

: *‘P (12) ZBAE R

(10) EB{B A 7S CN 112886302 A
(43) BB{FLFH 2021. 06,01

(21) BAIFES 202110042416.X
(22) HBiEH 2021.01.13
(70 ERIEA E b HE R ARG TR A A
Hhht 215316 VL3R O3 HITT R (i &l B
461 1#%999 5
ERIFA PO R R O AT IR 4 )
(72) REAA LFR FER FiEk

(51) Int.CI1.
HO1R 13/03(2006.01)
HO1R 43/16 (2006.01)

BURER AT RWMA4T0 6T

(54) ZRAEHR

S ST B i vk
(57) HE

—Fi 5 e v B il O v A 5 B T
FH AR A o B B S i R i, LR B B
R TS RRE R0 T AT R S
[ e 28 (X, BT fe DR (X EL A A (14 1 00 B 4 EL
EL Al ] J& IR S 0] D Al X A w2 1 X, BT ik
FEfh X A P00 A D L BT § 31X SR X
2 (A SR T AR« B i 5 51 [ Aty 4 0 2 T 4 2
FERER T iR S i T HAb S A R T
2% BR S o i R FH 2 BRI T B A A I
o g A 2 A T T S S X R B RN T
oAt {41 B0 452 BB L f , T T 45 B A A
e Al 3 v o T, A BG4 e i

< B .
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C. Searching Manual in CNKI

We go through the lists of NBS firms and universities. For each firm or university, we
take the following steps to collect their paper publication information.
Step 1: Go onto the CNKI platform
https://www.cnki.net/
Step 2: Search
Select the category of academic papers (“5 K #1F]” in Chinese). Select the

> 99

searching condition as paper affiliation (“4f= %1% in Chinese). Input the name of a

firm or university and click search.

P A
@n&'ﬁ@f‘,’,ﬁ AL FAUE  ENGUSH
b 00 Ao iR MR AR M T AR

==LV RSO, SRSk

SR >

¥ S AEAH [ E2iviian [ E= IRE [ E=-3 L 2] Wit AR
wES [ =il prze 272 BB AT PR R

TIHRRIRS SHIRETET S WRFITE CREARE

FUSOISRIRE HRIGISRIRS HIRIFFE & KRS S HEFRTEEE | RERRHEKE
Frs ARE BERE ERSIE PRER GiTER  PRMS R EFREZ XL RAIRELES

IR, BPE. REEME RS RS ANESFIE  wEE S SEDE IERTPIRESEER (0A)

B omR R oaw mems BEER DRMATE EEUYESTE  AASEES RRAEEE

AR SR G As e mE R sHEES BOTTA KEHE HsLE

B, LOE. AN 3NBER {EERS ﬁfﬁi@ﬁ@ﬁ%ﬁ)ﬂ@% LABIE Benam wEE KT Ee R

HREANR REMT Ry EEES

WA mEMY BEHE mn ee BE | rERS SESAEH | 0rﬁ§.?&#ﬁ.
W E B & CNKI Scholar NHEE

< .
Sian . - 4‘5%@“”“5 WA BORAR  AOSR MRS

ILE BIUIR ERRS HARLS
SEEE mAme ZADE A

AR

HhE. EREA BE

. . . eyt : F B CN 11603772
RE MM M= MR KEW=E BT s . IssN2096-4188.

B 41 \E $HR EEEE =58

R HEL B AR &8 HhRFESIFN e CUEE RSEE SRES
W Ak R Kb EE S aE HE ARER
Bl e 2B =it AR AU SuEE HRFS RIBFSEH SEAF PN R R E—,

[=? 152 i i =

A, W, H2RS
B BH EE AHERE X9 R

TSRS EETSERE  SIFIHRRANE AT EEFREY WICIERT)

MEEE HELE  SWGeSUs WY S SRl BT WSLEKE SRFHE

e s B y
I YIS bR 0B ME R EFM‘;;% o B S SRR
R EFRLER TR SR xmiE femTe e

EETEEATATENE
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Step 3: Data collection and cleaning
Crawl the paper information on each page of the search results. We manually check
and do not find any case where the search engine returns a paper that is not affiliated

with our firms and universities.

@ O ESY TRESAL~ BEAE Q  smen e oo

www.cnki.net BIZRR >

ST EEvid =i

RliE R MFEE: FAHTN {EEBMU: BEAZFE FEES WRAE HEF) 212,104 £5F 1/120 >
OsE g2E 0 &k HETE SHSHH v HiF: BXE RENEE #3 T8 SA 8x 50~ 88 =
2 e A
ES:25. REEE -9 =2 i rEFERdE) #E1 TR E
o N
O ARG O WE BRI Tk PUCRBISFIRE 50030114 LB @@
DR

0 #inl(1323)

O sEREs) D, ISMENSASEATE ARSI e S R SRS S e
0 Husid@on) AR E ] = SRR e
0 dkzmE30) e L . . )
O s 03 PldESTFER: HEBPIIEFEE PR BT 2023-01-14 v @B & @
0 Wi (416) 04 WRAASHITES ER RERIRK" S STiRietR 2023-01-14 L RO
O RiEt(398)
ey EPLRIEIN s s
e O BFOBERSMYIERRENARERR swman o 2201 LB
O TiESHE74) 5 &
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D. Other Innovation Measures

In addition to counts and forward citations', we further construct three measures
for the quality of product-oriented patents. Following Trajtenberg, Henderson, and Jafte
(1997) and Fleming and Sorenson (2004), we construct Product-Oriented PatBasic as
the ratio of backward citations (i.e., references) to non-patent prior art (such as
academic papers) divided by total backward citations of product-oriented patents that
are filed by the focal firm in year ¢+ 1.2 A higher value of Product-Oriented PatBasic
suggests that a firm’s product-oriented patents cite academic papers more often and are
thus more directly built on basic research.

Product-Oriented PatExplore denotes the ratio of exploratory product-oriented
patents over the number of product-oriented patents filed by the focal firm in year ¢ +
1. A patent is defined as an exploratory patent if its applicable primary International
Patent Classification (IPC) codes are different from those of patents filed by the same
firm in years ¢ — 4 to t. Product-Oriented PatExplore measures how different a firm’s
future innovation outputs are from its historical innovation outputs in term of
technology fields. As shown in Table 1, conditional on firm-year observations with a
least one product-oriented patent, the averages of Product-Oriented PatBasic and
Product-Oriented PatExplore are 0.26 and 0.86, respectively.

Following Lerner (1995), we construct Product-Oriented TechBreadth as the
average number of unique primary IPC codes per product-oriented patent filed by the
focal firm in year ¢ + 1. Product-Oriented TechBreadth therefore measures how a
patent’s technology can be generally applied across technology fields. Table 1 shows
that, conditional on firm-year observations with a least one product-oriented patent, the
mean of Product-Oriented TechBreadth is 1.19.

We estimate Equation (1) by using Product-Oriented PatBasic, Product-Oriented

! For citations, we follow previous studies such as Liegsalz and Wagner (2013), Boeing, Mueller, and Sandner
(2016), Fisch, Block, and Sandner (2016), Fisch, Sandner, and Regner (2017), Boeing and Mueller (2019), Shubbak
(2019), Lin, Wu, and Wu (2021), and de Rassenfosse and Raiteri (2022) and use the Item 56 references (“*F b L4
in Chinese) listed on the front page of each patent issuance document. Since they are selected by patent examiners
as key to judge on a patent’s “novelty” and “inventiveness,” they are objective and less subject to manipulation or
selection bias in applicants’ citations. Moreover, other commonly used databases, such as Google Patents and
PATSTAT, only record Item 56 references as backward citations (Shi et al., 2022).

2 Cassiman, Veugelers, and Zuniga (2008) show that firms’ publication records and references to
academic research are positively associated with firms’ patent quality.
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PatExplore, and Product-Oriented TechBreadth as the explanatory variable. The results
are reported in Online Appendix Table OA.4. We find that IUC experience is associated
with significantly higher reliance on basic research in Panel A, significantly higher
exploration in Panel B, and significantly higher breadth in Panel C. These results are
intuitive: consistent with the common belief that university-generated technologies can
be applied to broader applications, which may lead to more commercialization
opportunities for firms with IUC experience. As patents that are based on basic research
tend to have broader applications (Trajtenberg, Henderson, and Jaffe, 1997), we expect
firms with [UC experience to produce more exploratory corporate innovation (i.e.,
different from the firm’s existing technology expertise). Similarly, the strengthened
base on basic science could also be reflected in firms’ technology breadth (i.e.,

corporate patents could be more general across and within technology classes).
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E. Event Analyses

In this section, we discuss the following two sets of staggered difference-in-
differences (DiD) analyses that help us to assess the extent to which our empirical
results are driven primarily by omitted variables. Following Baker, Larcker, and Wang
(2022), we also implement stacked DiD (untabulated) and obtain qualitatively

consistent results.
E.1 Promotion of national university science parks

Our first test exploits the promotion of university science parks (USPs) from the
local level to the national level. USPs in China are first initiated by local governments
associated with universities and industrial practitioners to enhance regional technology
transfer and economic development (Tan, 2006). When a local-level USP performs well
in specific criteria (mainly IUC performance),!! it can be promoted by the central
government to be a national NSP and then receives further resources.'> We collect all

upgrade events and list them in Table OA.13 in the Online Appendix.

To perform the DiD analysis, we define our sample as firm-year observations in
cities with at least one university science park. We regress firms’ IUC and technology
commercialization measures on National University Science Park (Post) and other
control variables and fixed effects,!® and present the results in Table OA.9 in the Online
Appendix. National University Science Park (Post) equals one for all firms in this city
if a city’s local-level university science parks have been promoted to the national-level;

otherwise it equals zero.

As the dependent variables in Panel A, Patent-Based IUC (Paper-Based IUC)
denotes the natural logarithm of one plus the number of patents applied by (papers
published by) both a university and the focal firm in year ¢. As the dependent variables
in Panel B, New Product Sales denotes the natural logarithm of one plus the output

value of new products (in million RMB) in year ¢; Product-Oriented PatCount denotes

1 Tt is widely accepted that the most important metrics include the quantity and quality of TUC outputs, technology
transfers of associated universities and institutes, and innovation performance of associated firms. Such criteria are
codified in the Guiding opinions on the evaluation of national university science parks issued by the Chinese
Ministry of Science and Technology and the Ministry of Education in 2010. Although every USP has a strong
incentive to apply for an upgrade, the central government conducts the assessment every year or two; in each round
of assessment, only about ten USPs are upgraded. See:
https://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/gfxwj2010before/201103/20110302_85052.html
and http://www.moe.gov.cn/jyb_xxgk/gk gbgg/moe 0/moe 7/moe 16/tnull_164.html.

12 Online Appendix Table OA.13 the provides the list of local USPs and national USPs. As suggested by the
national university science park “tenth five-year plan” development plan issued by the Ministry of Education in
2001, compared with their local-level counterparts, national USPs receive more support to [UC activities (tax
reduction and land supply). See:
https://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/gtxwj2010before/201103/t20110302_85052.html
and

http://www.moe.gov.cn/jyb_xxgk/gk gbgg/moe 0/moe 7/moe 16/tnull_164.html.

13 We control for firm characteristics such as Tofal Assets (in billion RMB), Age, Cash Ratio, Capital Expenditure
Intensity, Profitability Ratio, Sales Growth, Export Ratio, Leverage Ratio, Labor Ratio, Wage per Employee, Subsidy
Ratio, as well as USP time trends, firm fixed effects, and year fixed effects.
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the natural logarithm of one plus the number of product-oriented patents solely applied

by the focal firm.

We find that both local firms’ IUC activities and technology commercialization
increase significantly after local USPs being promoted to national USPs. We do not find
more active IUC or higher technology commercialization among treated firms before
the promotion. This finding helps mitigate the concern of local governments’ policies
or specific industry trends being an omitted variable because, if local governments’
policies or the growth opportunity of specific industries are driving the positive [UC
experience-technology commercialization relation, we should have observed increases
in IUC activities or technology commercialization before the events (as firms can
change their activities/improve performance before the occurrence year of upgrading

and establishment).
E.2 Establishment of university sub-campuses

Our second DiD test exploits the establishment of university sub-campuses in
neighboring provinces (within a 100km distance). ' On the one hand, the
establishment of university (sub-)campuses creates arguably exogenous benefits for
firms with IUC experience in neighboring provinces because these firms possess know-
hows about IUC and connections to universities. On the other hand, such an event does
not affect other policies and institutional environments these firms encounter. Table

OA.14 in the Online Appendix provides the list of university sub-campuses.

To perform the DiD analysis, we exclude firms from the sample if they are in cities
that have at least one nearby university campus before the start of our sample period or
that have at least one university campus by the end of our sample period. We regress
firms’ [UC and technology commercialization measures on University Sub-Campus

(Post) and other control variables and fixed effects, !>

and present the results in Table
OA.10 in the Online Appendix. University Sub-Campus (Post) equals one for all firms
in cities that have experienced the establishment of a university campus within a 100km

distance but in another province; otherwise it equals zero.

As the dependent variables in Panel A, Patent-Based IUC (Paper-Based IUC)
denotes the natural logarithm of one plus the number of patents applied by (papers

14 Online Appendix Table OA.14 Panel B provides the complete list of university sub-campuses, while
Panel A presents a selected list of cities that establish their first university campuses during the sample
period; only these events are eligible to enter our DiD sample. Previous studies have documented that
firms’ innovation benefit from the spillover effects of nearby universities (Jaffe, 1989b; Lehmann and
Menter, 2016; Qiu, Liu, and Gao, 2017). Firms in a city that have a university campus are excluded from
the treated and control groups.

15 We control for firm characteristics such as Tofal Assets (in billion RMB), Age, Cash Ratio, Capital Expenditure
Intensity, Profitability Ratio, Sales Growth, Export Ratio, Leverage Ratio, Labor Ratio, Wage per Employee, Subsidy
Ratio, as well as firm fixed effects. As suggested by one anonymous reviewer, we also control for province-year
fixed effects to rule out time-varying local economic conditions.
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published by) both a university and the focal firm in year ¢. As the dependent variables
in Panel B, New Product Sales denotes the natural logarithm of one plus the output
value of new products (in million RMB) in year t; Product-Oriented PatCount denotes
the natural logarithm of one plus the number of product-oriented patents solely applied
by the focal firm.

We find that local firms’ IUC activities and technology commercialization increase
significantly after the establishment of university sub-campuses in neighboring
provinces. We do not find more active IUC or higher technology commercialization
among treated firms before the establishment. These results mitigate the concern of
omitted variables related to local governments’ policies or industry trends because, if
the positive IUC experience-technology commercialization relation is driven by those
omitted variables, IUC activities or technology commercialization should have

increased significantly before the event.
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E. Online Appendix Tables

Table OA.1: Summary of 70 Papers.
We summarize 70 related papers on their methodology/sample construction, key findings about industry-university collaboration, and empirical measures of innovation, knowledge
transfers, and mechanisms.

Authors and | Method/Sample | Key findings on IUC Measures of innovation/ | Mechanisms/ Theory/ Contingency
Year knowledge transfer factors framework

Acs, Quantitative. US | The interaction of university (1) patents (2) Geographic spillover Knowledge Under the
Audretsch, state-industry R&D and industry R&D (in the | commercialized inventions production "entrepreneurial
and Feldman, | and year, 1972- same state) positively explains from SBIDB (Small function in log regime," the

1992

1977, 1979, and
1981

firms' innovation output

Business Administration's
Innovation Data Base)

(Griliches 1979)

innovation is more
likely to result from
basic research.
Uunder the
"routinized regime,"
an innovation is more
likely to result from
technological
information from an
R&D laboratory
within the industry.

Acs,
Audretsch,

and Feldman,
1994

Quantitative. US
state-technology
area and year,
1982

The interaction of university
R&D and industry R&D (in the
same state) positively explains
firms' innovation output

Commercialized
inventions from SBIDB
(Small Business
Administration's
Innovation Data Base)

Geographic spillover

Knowledge
production
function in log
(Griliches 1979)

Firm size
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Audretsch
and Feldman,

Quantitative,
geographic

University research leads to
geographic concentration of

Commercialized
inventions from SBIDB

Geographic spillover
(Tacit knowledge); skilled

Romer (1986),
Krugman (1991a,

Industry R&D
intensity; need for

1996 concentration of | innovation (Small Business labor availability b), and Grossman | skilled workers
innovation in US Administration's and Helpman
163 industries in Innovation Data Base) (1991) on
1982 spillovers. As
Krugman (1991b)
argue, there may
be geographic
boundaries to
knowledge
spillovers,
particularly tacit
knowledge
Feldman, Quantitative. US | Small firms benefit more from Commercialized Geographic spillover Krugman (1991a, | Geographic distance
1994 state-industry local university research inventions from SBIDB (communication costs and | b) regional
sample, 1982 (Small Business speed of technology race) | specialization;
Administration's Knowledge
Innovation Data Base) production
function in log
(Griliches 1979)
Audretsch Quantitative, 312 | The link between university- The co-location of Geographic spillover Age, Nobel prize,
and Stephan, | scientists in scientists and firms is not simply | university-based scientists | (tacit knowledge of formality of ties

1996

biotech industry

decided by locality. 40 of
founders of biotech firms do not
found firms locally

and collaborating firms

Pisano et al. (1988)) is not
everything. University-
based scientists provide
three key functions to
biotech firms: university-
based scientists facilitate
knowledge transfer from
university laboratories to
the firm; they signal the
quality of the firm's
research; and they help

(formal vs. informal)
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chart the scientific
direction

Link and
Rees, 1990

Survey and
quantitative.
1046 US firms,
1986-87

(1) the majority of firms engage
in collaboration with
universities for new product
development. (2) firms engaging
in [IUC are better able to convert
their R&D into productivity

Three collaboration
formats with universities:
consultants, contracted
research projects, and
graduate students used as
research assistants.
Collaboration incentives
(expected results from the
relationship) include:
'problem solving in
production processes',
"product development',
'use of university
computing facilities', 'use
of other university
facilities', and 'gaining
access to students as future
employees'.

Reduce R&D costs and
access productive
employees

Firm size

Jaffe, 1989

Quantitative. US
state(-industry)-
year panel, 1972-
77,1979, and
1981.

The interaction of university
R&D and industry R&D (in the
same state) positively explains
firms' innovation output

Corporate patents

Geographic proximity
(transfer of knowledge via
personnel flows, informal
information sharing,
access to facilities etc.)

Knowledge
production
function in log
(Griliches 1979)
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Mansfield, Survey and About 15% (11%) of new Firms' new products and
1998 quantitative. 77 products (processes) cannot processes commercialized
US firms in realize without academic over the period 1991-1994
1986-1994 research. These new products that could not have been
account for 5% of sales (44 developed in the absence
billion 1994 dollars). These new | of recent academic
processes account for cost research. Sales/cost-
savings of about 2% (17 billion | savings from these new
1994 dollars). Also, the lag products/prcoesses
between academic research and
industry application is 6 years
on average
Mansfield, Survey and About 10% of new products and | Firms' new products and Science-dependence;
1991 quantitative. 75 processes cannot realize without | processes commercialized firm-level R&D; firm
US firms in 1985 | academic research. These new over the period 1975-1985 size
products account for 24 billion that could not have been
sales (1985 dollar), and these developed in the absence
new processes save for 7 billion. | of recent academic
Also, the lag between academic | research. Sales/cost-
research and industry savings from these new
application is 7 years on average | products/prcoesses
Mansfield Survey and Geographic distance determines | Each firm was asked to Tacit knowledge, face-to- Faculty quality

and Lee, 1996

quantitative. 70
US firms in 1985

a firm's support to university
research

cite about five academic
researchers whose work in
the 1970s and 1980s
contributed most
importantly to the firm's
new products and
processes introduced in the
1980s

face

Online Appendix p.29




Zucker and

Quantitative, 183

Firms' collaboration with star

The number of new

Both geographic

Darby, 1996 | US geographic scientists produce more new biotech firms (entrants) proximity and personal
regions over 14 products founded in a geographic connection are needed
years (1976- region; growth in (tacit knowledge; access
1989). employment at biotech to specialized human

firms in a region; the capital)
number of new products.

Zucker, Quantitative, 110 | Firms' collaboration with star The number of new Both geographic

Darby, and California scientists produce more new products proximity and personal

Armstrong, biotech firms in | products connection are needed

1998 1989-1994 (tacit knowledge; access

to specialized human
capital)

Zucker, Quantitative, 751 | The number of new biotech The number of new University innovation is

Darby, and companies in 183 | firms increases with star biotech firms in a region subject to natural

Brewer, 1998

US geographic
regions over 14
years (1976-
1989).

scientists and university
research in the region

excludability, which
arises from the
complexity or tacitness of
the information required
to practice the innovation

Zucker and
Darby, 2001

Quantitative, 331
Japan biotech
firms in 1986-
1991

Firms' collaborations with star
scientists have a large positive
impact on firms' biotech patents
and new products.

The numbers of U.S.
biotechnology patents
granted, numbers of new
products

University innovation is
subject to natural
excludability, which
arises from the
complexity or tacitness of
the information required
to practice the innovation
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Cockburn and
Hendersen,
1998

Survey and
quantitative, 20
pharmaceutical
firms, 1980-1994

Only 24% drugs, were
developed with essentially no
input from the public sector.
Pharma firms' coauthorship with
universities are positively
related to their important
patents. They interview
managers found three additional
factors (other than absoprtive
capacity): (1) recruiting the best
people; (2) rewarding
researchers on the basis of their
standing in the public rank
hierarchy; and (3) encouraging
them to be actively engaged
with their public sector
counterparts.

New products, important
patents (patents registered
in 2 out of three TRIADIC
areas)

Absorptive capacity
(conversation,
connection)

absorptive capacity

Agrawal,
2001

Review

Summarizes the literature on the
roles of university and firm
characteristics in university-to-
industry technology transfer. It
constructs a general framework
of the research in this area by:
(1) providing an overview of the
various related streams of
research and how they fit
together; (2) presenting a survey
of the literature associated with
each of these streams, including
highlights from key papers; and
(3) offering a view forward in
terms of directions for future
research.

Prior measures on the
outcome of knowledge
transfers: publications,
patents, consulting,
informal meetings,
recruiting, licensing, joint
ventures, research
contracts, and personal
exchange

Absorptive capacity,
complementarity of
channels

absorptive
capacity,
connectedness,
tacit knowledge,
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Cohen, Survey and Public research is critical to The knowledge transfer Science-dependence
Nelson, and descriptive. A industry. Their data indicate that | channels include patents,
Walsh, 2002 1994 survey of the largest percentage of informal information
1478 US R&D respondents rated publications, exchange, publications and
lab managers in | conferences, and consulting as reports, public meetings
the at least 'moderately important' and conferences, recently
manufacturing knowledge transfer channels. hired graduates, licenses,
sector. These percentages are 41, 35, joint or cooperative
and 32%, respectively. The ventures, contract research,
remaining channels are rated at | consulting, and temporary
least moderately important by a | personnel exchanges.
significantly smaller fraction of
respondents, less than 20%.
Close to 60% of industrial R&D
labs indicate that they benefit
from university research
Colyvas, 11 case studies in | Researchers have incentive to Patent licensing Researchers' incentive,
Crow, Columbia commercialize their inventions. technology transfer office
Gelijns, University and In most cases, firms get practices
Mazzoleni, Stanford exclusive licenses from
Nelson, University universities. Our strong
Rosenberg, conjecture, which we are

and Sampat,
2002

exploring in these studies, is that
both the role of patents, and the
role of the university technology
transfer offices, varies
significantly from case to case.
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Lim, 2009 Case study (and | The author proposes 3 forms of | patents, papers, hire of The author identifies 3 absorptive capacity
descriptive absorptive capacity: students additional mechanisms for
analysis) of disciplinary, domain specific, fostering connectedness,
copper and encoded, which correspond including: (1) cultivating
interconnect to 3 different knowledge types, university relationships by
technology of respectively: general scientific way of sponsoring
IBM knowledge, solutions to specific research, collaborating
technical problems, and with faculty, and
knowledge embedded in tools recruiting graduate
and processes. University students; (2) participating
research is important to patents in research consortia; and
in this specific technology (3) partnering with other
companies that do related
scientific research.
Audretsch, Model and larger firms or firms with Firm size, founder
Leyden, and | quantitative. 92 founders who have an academic background
Link, 2012 firms in US background are more likely to
Department of partner with a university in a
Energy's Small project
Business
Innovation
Research (SBIR)
in 1992
Branstetter, 30,000 utility knowledge spillovers from Citations to university Geographic proximity Science-dependence,
2001 patents granted academic science to invention papers geographic proximity

in the US over
the 1981-1996

are highly concentrated in a
small subset of technological
fields and geographic regions.
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Hall, Link,
and Scott,
2003

Survey and
quantitative
analysis. A
survey of 352
research projects
funded by the
Advanced
Technology
Program in the
US in 1991-1997

Little is known about the types
of roles that universities play in
such research partnerships or
about the economic
consequences associated with
those roles. Universities are
more likely to partner in new
technological fields where R&D
is closer to science, and such
fields can be more uncertain and
difficult.

Termination of project,
expected
commercialization
likelihood

(1) access to
complementary research
activity and research
results; (2) access to key
university personnel; (3)
expanding its boundaries
while at the same time
eliminating market
transactions for research
services.

Science-dependence

Pavitt, 1998

Review

Technologically dynamic firms
depend heavily on the close
proximity of publicly funded
academic research and related
training. Academic research
really facilitates firms' capacity
of businesses to solve complex
problems

Academic research helps
technology problem-
solving through: useful
knowledge inputs;
engineering design tools
and techniques;
instrumentation; trained
scientists and engineers;
background knowledge;
membership of national
and international
professional networks;
spin-off firms

Tacit knowledge

Godin and
Gingrasr,

2000

Canadian
Bibliographic
database covers
the years 1980 to
1997

Canadian industry significantly
increase collaborations with
universities from 1980 to 1995
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Poyago- Review This paper identifies the The formation of Risks for universities; risk | Principal-agent
Theotoky, determinants of university- partnership has the for firms; issues; tacit
Beath, and industry collaboration. They following benefits: (i) the | Complementarity; costs knowledge;
Siegel, 2002 conclude that we still know very | acquisition of knowledge and benefits from absorptive capacity
little about the global impact of | that can ultimately principlal-agent issue
the rise of university-industry generate additional profit related to contracting of
partnerships and (ii) skill’/knowledge collaboration
enhancement of its own
scientific workforce.
Caloghirou, 6,300 research The ratio of these RJVs The formation of RJVs Size and length of RJV Science-dependence;
Tsakanikas, joint ventures involving a university has risen | with universities; Such project size and
and Vonortas, | (RJVs)in 42 considerably since (from 56% in | RJVs benefit firms' project length

2001

nations that
received funding
from the
European
Framework
Programmes in
in 1983-1996.

1983 to 67% in 1996). Larger or
longer RJVs are more likely
involve universities. 90% of
biotech RJVs involve
universities. Surveyed firms
report that universities are the
most likely partner (more than
clients and suppliers)

knowledge base, new
product development, new
process

Jensen and
Thursby,
2001

A survey of 62
U.S. research
universities,
1991-1995

The vast majority (71%) of
university-based inventions
required some inventor
involvement in development.
TTO managers indicated that
convincing faculty to disclose
inventions is a major challenge.
Licensed academic inventions
are usually far from being
readily marketable.
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Brostrom, Survey and Direct interactions matter. Questions on whether Geographic proximity Tacit knowledge, Life cycle
2010 quantitative. A Linkages in geographical interactions with (collaborations often are von Hippel's
survey to 425 proximity are more likely than universities help generated in close, (1994) sticky
R&D managers | distant linkages to generate continuous interaction, knowledge
in Swedish impulses to innovation and trust that frequently arise
engineering create significant learning in interaction within close
firms, 2004-2006 | effects at the firm. geographical proximity)
Mowery and | Quantitative. US, | Between the two channels of Licensing agreements and | Geographic proximity
Ziedonis, invention, IUC, knowledge "spillovers" patent citations (tacit knowledge)
2014 patenting, and (i.e., positive externalities from
licensing records | university research) and
from the "market-mediated" channels
technology such as technology licensing or
transfer offices at | various types of employment
Columbia knowledge flows from
University, universities, the market-based
Stanford channels are more
University, and geographically concentrated
the University of
California
Bruneel, Survey and They propose orientation- and Key factors: collaboration | Mutual trust Absorptive Trust
D'Este, and quantitative. transaction-related barriers for experience; breadth of capacity;

Salter, 2010

Large scale of
survey in the
UK: 3,431
individuals from
600
organizations in
2005-2006

interactions. They examine the
determinants of obstacles.
highlight several channels of
interactions and discuss the
mutual trust (the mutual
understanding and repeated
interactions) as a key moderator.
Universities, when effectively
engaged with, can significantly
contribute to industry innovation
and problem-solving. Prior

interaction channels; trust

transaction costs;
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collaboration is an important
factor to reduce barriers

Agrawal, 124 licensed Inventors' involvement is Commercialization Tacit knowledge and
2006 MIT inventions, | positively associated with the indicator and royalties per | complexity
1998-1999 likelihood and extent of year
products' commercial success. It
refers to knowledge that is not
codified but is codifiable as
"latent knowledge".
D'Este and Descriptive and | Both geographical proximity Collaboration with geographical proximity Science-dependence,
Iammarino, quantitative. and research quality are university; distance to the | and research quality research
2010 2,210 positively associated with the collaborating university quality/prestige
collaborative frequency of university-industry
research grants in | partnerships
the UK in 1999-
2003
Buenstorf and | Quantitative. They analyze the effects of The commercialization of | Face-to-face, time costs Tacit knowledge,
Schacht, 2013 | 2300 inventions | distance on licensees' projects, royalty income for university researchers | sticky knowledge

of the German

commercial success, using the

Max Planck existence and amount of

Society in licensing royalty payments as a

Germany in measure of such success, and do

1980-2004 not find a significant relation
Belenzon and | Quantitative. They study how geography Citations to university (1) local information and States' local
Schankerman, | Patents in the affects university knowledge patents and publications (2) policies for development policies,
2013 U.S. in 1975- spillovers using data on citations commercializing human capital

2007. to university patents and university innovation. mobility (noncompete
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scientific publications. Citations
to uinversity patents are
constrained by state border; and
citations to publications are less
localized in states.

labor laws, reliance on
in-state educated
scientists, and lower
rates of interstate
scientific labor
mobility), university
quality

Schartinger, Survey and Summarize firms' viewpoints on | Interactions with Face-to-face (Social NIS Industry R&D
Rammer, quantitative. interactions with universities: universities: joint research, | capital/trust), tacit intensity; science-
Fischer, and Austrian Contract research and contract research, knowledge dependence
Frohlich, universities (421 | consulting; Collaborative personell mobility, training
2002 departments research; Financing of and lectures
from 12 university research assistants by
universities) firms; Joint supervision of Ph.D.
and Masters theses are the top 4.
It also summarizes universities'
viewpoints on interactions with
industry. University departments
with prior contract research
experience is more likely to
engage in future collaborations
with industry.
Becker and Quantitative. Firms rating science institutions | R&D, product innovation, | Internal R&D enhances Transaction costs
Dietz, 2004 2048 German higher are more likely to form cooperation firms incentive to engage
manufacturing collaboration. Joint R&D is used in collaboration

firms 1990-1992

to complement internal
resources in the innovation
process, enhancing the
innovation input and output
measured by the intensity of in-
house R&D or the realization of
product innovations.
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Belderbos, Quantitative. Firms rating universities as Collaborations with Rating the importance of | Absorptive
Carree, 2149 innovative | important source for innovation | university university source capacity,
Diederen, Dutch firms in tend to form collaborations with transaction costs,
Lokshin, and | 1996 and 1998 universities resource-based
Veugelers, view
2004
Belderbos, Quantitative. Firms collaborating with new product sales Collaborator types
Carree, and 2056 Dutch firms | universities or benefiting more
Lokshin, in 1996 and 1998 | from university spillovers
2004 produce more new product sales
Nieto and Quantitative. Collaboration experience is Novelty of product Absorptive capacity, path | Transaction costs,
Santamaria, 1300 Spanish important for product innovation | innovation dependence resource-based
2007 firms in 1998- novelty. However, the view, Evolutionary
2002 collaboration with universities theory,
does not lead to higher product Evolutionary
novelty theory,
Kneller, 2007 | Descriptive, Based on a university's licensing | Coporate donation, a large Japan's legal
Japan record, joint research tends to proportion of engineering environments and
happen with big companies and materials/chemistry patent laws
inventions are attributed to
joint research, start-up,
spin-off
Motohashi, Survey and Smaller firms achieve higher Current collaboration with | Technology absorptive Firms' own R&D
2005 quantitative. productivity through university, expected future | capacity
RIETIs Survey collaboration with universities collaboration with
of 7442 Japanese | than large firms. About 70% of | university, patents, value-
firms in 2003 firms engaging in R&D added

activities engage in R&D
collaborations of some form --
40% of firms engaging in such
collaborations engage in UIC
activities.
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Kaufmann

Surveys. 517

Collaborating with universities

New products

Universities providing

NIS; self-

and Todtling, | firms in Europe | predict more new products. It is new knowledge, create referential systems
2001 in 1996 important to have diversified knowledge interactively
inputs with firms, and stimulate
innovation projects.
Klevorick, Survey and The relevance of Survey on whether (1) advances in scientific Science-dependence
Levin, descriptive. 600 | science/university research to science/university research | understanding and

Nelson, and
Winter, 1995

managers in 130
business lines in
the U.S. in 1983-
1984

industry innovation varies by
industries

is relevant for industry
innovation

technique expand the pool
of technological
opportunities. (2)
technological advances in
other industries and in
other institutions in the
economy can enrich
technological
opportunities within a
given industry. (3) there
are positive feedbacks
from an industry's
technological advances in
one period that open up
new technological
opportunities

Nelson, 1986

Survey and
descriptive. 600
managers in 130
business lines in
the U.S. in 1983-
1984

Firms reporting that the benefit
more from university research
also spend more on R&D

R&D intensity
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Perkmann et | Review A systematic review of research
al., 2013 on academic scientists'
involvement in university-
industry collaboration activities.
The authors identify the
individual, organisational and
institutional antecedents and
consequences of academic
engagement, and then compare
these findings with the
antecedents and consequences
of commercialisation.
Walsh, Lee, Quantitative. Collaboration with universities Invention quality rated by | Collaborator types Transaction costs;
and Nagaoka, | 1900 responses lead to better innovation quality, | inventors; whether a evolutionary
2016 of US patent but does not lead to more patetnt is commercialized economics;
inventors in commercialized patents
2000-2003
Laursen and Quantitative. Only 27% of UK firms indicate | The degree of importance | In-house R&D, size Firm age
Salter, 2014 2655 that they draw from UK of university research
manufacturing universities. Firms which use

firms drawn from
the UK
Innovation
Survey in 2001

many other external sources of
knowledge (such as competitors,
suppliers and customers, private
research institutes, fairs and
trade associations, etc.) also
tend to use university research
more intensively. Firms with
more internal R&D are also
more likely to collaborate with
universities

Adams, 2005

Quantitative. 220
labs of 116 firms
in a survey in the
US in 1991-1996

University spillovers appear to
be more localized than industry
spillovers. Firms go to

R&D budget devoted to
academic research,;
learning from which
university/firm

Academic R&D in related

fields
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neighboring universities for
advice, research, and students

Maietta, 2015 | Quantitative. Determinants of university-firm | R&D investment; R&D Geographic proximity NIS; knowledge
1744 Italian food | R&D collaboration. collaborations with production
companies for Geopragphic proximity affects universities; product function of
the 1995-2006 product innovation. Firms innovation; process Griliches

collaborating with universities innovation
invest more in R&D, and

produce more product or

process innovation

Wang and 230 The study analyzes the Winning SBIR awards resource spillovers;

Shapira, 2012 | nanotechnology | resources possessed by university scientists
firms in the US university scientists in 3 formats

in 1996-2005

(intellectual capital, social
capital, and positional capital)
on the performance of parnter
firms.

Sun, Zhang, Quantitative. University research Patent reassignment as a Direct effects Resource-based University research
and Kok, 1784 Chinese collaboration promotes measure for technology (connection) and indirect | view; Triple Helix | quality
2020 universities' technology transfer directly (and | transfer; collaboration with | effects theory; NIH

patents in indirectly through improving the | firms

USPTO between | quality of research outcomes)

1985 and 2014
Motohashi NBS's Survey on | The first attempt to document Outsourcing of science and | Absorptive capacity NIS organization types,
and Yun, Science and large-scale science and industry | technology projects science dependence
2007 Technology linkage activities, and their

Activities in
China, 1996-
2002

determinants
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Guan, Yam, Survey of 950 13% (18%) of surveyed firms new product sales, profits | Barriers to the acquisition Organization types
and Mok, Chinese firms (high-tech firms) report of research results from (SOEs or not)
2005 (Beijing), 1993- | university research is innovation unversities include (i)
1995 source. Firms with partnership lack of efficient
with universities produce more communication channels
innovation. Such collaboration for the research results;
relationship is less efficient in (i1) the research results are
terms of economic performance difficult to
indicators such as innovation commercialize; (iii) the
sales and profit ratios. research results are
immature; and (iv) the
research results have high
uncertainty from the
market place perspective.
Wu, 2007 Case studies with | It examines the interactions R&D collaboration, NIS
descriptive between two elite universities in | licensing, spin-off
statistics: Fudan | Shanghai (Fudan University and
University and Shanghai Jiaotong University)
Shanghai and the metropolitan economy.
Jiaotong In particular
University
Wu, 2010 Case studies with | Faculty research output grows R&D collaboration,
descriptive more rapidly in academic papers | licensing, spin-off

statistics: Fudan
University and
Shanghai
Jiaotong
University

than patents and licensing. The
diffusion of university research
occurs primarily through
contracts for technology
services, patent licensing and
sales, and university-affiliated
enterprises. Some faculty
prefers to work with firms
directly through consultancy or
other informal arrangements.
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Motohashi, NBS's Survey on | In 2002, about 23% of S&T Research collaboration, NIS Science-dependence
2006 Science and firms are conducting S&T co-patents
Technology outsourcing to universities or
Activities in PRIs.
China, 1996-
2002
Hong, 2008 Quantitative. pair | The decentralizing/localizing Patents coassigned to firms | Geographic spillover Tacit knowledge,
of provinces in trend in university—industry and universities (Tacit knowledge), institutional
China, 1985- collaborations due to the institutional proximity thickness
2004 changing economic and (network)
institutional context.
Liu and Descriptive This paper focuses on summary | Joint patents, joint papers | Incentives from National
White, 2001 analyses. 64,230 | statistics, and argue that universities, [P protection | innovation system

patents and
1,069,172 papers
in China from
1992 to 1997.

universities have played a
limited role in technology
transfers and commercialization
due to lack of incentives and
weak [P protection

Eun, Lee, and
Wu, 2006

Qualitative
analyses, China

Chinese universities launched a
large number of spin-offs. They
attribute such an explosion to
the low absorptive capacity of
industrial firms and weak
institutional environments.

Universitirs' propensity to
pursue economic gains,
industry firms' absorptive
capacity, and improved
external environment.

Triple Helix
(university,
industry, and
government)
(Etzkowitz, 1998,
2002); Transaction
cost economics
(Williamson,
1975, 1985, 1991,
1999));
resource-based
view (Penrose
(1959) and
Richardson
(1972))

Universities'
propensity to pursue
economic gains,
industry firms'
absorptive capacity,
and improved external
environment.
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Chen, Patton, | Review of 191 More publications in Chinese in | Prior studies focus on sticky knowledge in The NIS
and Kenney, | papers in English | the past; an increasing trend in Chinese firms' patents, university-industry perspective
2016 or Chinese on empirical and quantitative new products, and firm linkages; Absorptive pioneered by
Chinese analyses. Articles are growth capacity of firms related Lundvall (1992)
university aggregated into following the to technology transfer; and Nelson (1993)
technology five themes: (1) government Geography and proximity | is a theoretical
transfers policy and the national frame capable of
innovation system (NIS), (2) explaining the
university-operated enterprises ways in which
(UOES), university science different social
parks (USPs), and spin-offs, (3) institutions interact
university-industry linkages to produce and
(UILs), (4) university policy and commercialize
technology transfer offices innovations.
(TTOs), and (5) university
patents and licensing. Key
determinants of universities'
technology transfers: University
R&D funding, Govt. provided
R&D, Enterprise provided
R&D, Quantity of R&D
personnel, and Quality of R&D
personnel
Wu and Review of There is mxied literature on the | Partner with university, or | faculty resources and their
Zhou, 2012 several surveys ratio and frequency of firms consider university expertise by seeking
in China actively seeking collaboration research important source | technical support,

with universities or conisdering
university research as key
source. Difficulties and
challenges are listed. Greater
autonomy for universities is
needed

information, and R&D
personnel support.
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Hong and Su, | Quantitative. The distance between firms and | Patents coassigned to firms | geographic promixity, geographic organizational
2019 Chinese patents, | universities negatively explains | and universities organizational proximity, | promixity (local proximity,
1985-2004 collaboration, but the relation is institutional proximity, spillover, tacit institutional
strengthened/mitigated by social proximity, and knowledge proximity, social
geographic, organizational, university prestige increased with proximity, and
institutional, social proximity, distance Audretsch | university prestige
and university prestige and Stephan
(1996)),
organizational
proximity
(transaction costs
of Williamson
(1975, 1985) and
institutional
thickness),
institutional
proximity
(transaction costs
and institutional
thickness), social
proximity (social
network, tacit
knowledge), and
university prestige
(reputation and
legitimacy)
Kafouros, 375 innovative The relation between academic | New product sales; IP protection;
Wang, Chinese firms, collaboration and new product academic collaboration international
Piperopoulos, | 2008-2011 sales is an inverted U shape: it openness; research
and Zhang, increases and then decreases quality of universities
2015
Chen and Case study and Universities have played an Spin-off, university NIS, regional
Kenney, 2007 | descriptive important role in the patents, technology innovation system

analysis in China

development of largest high

transfer contract, revenue

(RIS)
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technology clusters (Beijing and
Shenzhen) in China

Wang and Lu, | Even study of a It presents a strategic framework | New product development; | knowledge gap and Von Hipple's

2007 company which | of successful knowledge transfer | Managing the process of knowledge stickiness. concept of sticky
collaborate with | in university-industry interactions; information;
Tsinghua interactions in China regional
University innovation system

Wang and Descriptive and | Discuss the legal protection of Four different models of
Ma, 2007 case study based | jointly assigned technology collaboration projects:
on Tsinghua U. property. A more basic research | Commission Project; Joint
can lead to more Research Project; Joint
commercializable products in Development Project; Joint
more sectors. Research Organization
Wang, Top 100 firms Firms that directly and Patent counts Drive to reduce costs; Resource-based
Huang, Chen, | in electronics systematically collaborate with interpersonal contact view; transaction
Pan, and industry in China | universities for their own cost theory
Chen, 2013 purposes will be more efficient
and achieve more fruitful results
when their partners have
complementary resources and
knowledge
Zhou, 2012 Quantitative. Firms with higher internal R&D | Collaboration with IP protection, internal NIS; Resource- Firm size, IP
1,500 Chinese are more likely to partner with universities, patents, new R&D based view; protection
innovating firms, | universities. Partnership with products transaction cost
1998-2000 universities predict more patents theory
but not more new products
Brehm and Quantitative. University collaboration leads to | new product sales; new Co-authored papers; absorptive Industry-specificity in
Lundin, 2012 | 20,000 large- and | better innovation output or product export; patents; absorptive capacity capacity; activity- | the knowledge source
medium-sized commercialization when co-authored papers based view (external vs. internal)

companies in
China in 1998-
2004

industires have higher
absorptive capacity

Online Appendix p.47




George, Quantitative. Firms with university linkages (1) university linkages, (2) | University link Transaction costs;
Zahra, and Alliances of 147 | will have significantly more alliance characteristics, (3) absorptive capacity
Wood, 2002 | biotechnology alliances, and produce more new | R&D investment, (4)

firms in the US products and patents, and spend | patents; (5) new products

more on R&D

Appelbaum, Survey. It reviews why Chinese government policies;
Gebbie, Han, | Interviews with nanotechnology firms did not culture issues;
Stocking, and | scientists, succeed along the following
Kay, 2016 engineers, dimennsions: (1) deficit in the

entrepreneurs, basic research; (2) research

and venture culture; (3) lack of incentive for

capitalists in the | university scientists to engage in

nanotech commercial innovation or

industry in 2012 | commercializing their

inventions
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Table OA.2: Robustness Checks for Table 2.

We re-estimate Table 2 by not taking the logarigthmic value of the dependent variable. The outcome variable and
all control variables are winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors
clustered by firms. ***_ ** * indicate significance levels of 1%, 5%, and 10%, respectively.

Dept Var = New Product Sales in Linear Form

Panel A: Patent-Based IUC

Panel B: Paper-Based IUC

a 2 @ )
IUC Dummy 3.7604%** 1.7483%%*
(1.3453) (0.7361)
IUC Count 4.2761%** 4.4218***
(1.3228) (0.9603)
Total Sales 31.1992%** 31.1711%** 31.1916%** 30.9390***
(1.4265) (1.4269) (1.4257) (1.4222)
Patent Portfolio Size 1.4711%** 1.4544%** 1.4956%** 1.4406%**
(0.1213) (0.1216) (0.1220) (0.1203)
R&D Intensity 38.5794*** 38.5634%** 38.4704%** 38.2522%**
(9.9706) (9.9678) (9.9697) (9.9563)
Total Assets 0.3641%** 0.3670%** 0.3596%** 0.3773%**
(0.1331) (0.1330) (0.1333) (0.1329)
Age -0.6787*** -0.6734*** -0.6867*** -0.6770%***
(0.1400) (0.1399) (0.1403) (0.1402)
Cash Ratio 1.2501%%* 1.2529%%x* 1.2390%** 1.2308%**
(0.2660) (0.2660) (0.2660) (0.2660)
Capital Expenditure Intensity 1.8491*** 1.8512%** 1.8493*** 1.8566***
(0.1696) (0.1696) (0.1697) (0.1696)
Profitability Ratio 2.7420%** 2.7453%** 2.7731%** 2.8520%**
(0.7310) (0.7309) (0.7296) (0.7301)
Sales Growth -0.0600 -0.0603 -0.0597 -0.0573
(0.0412) (0.0412) (0.0412) (0.0412)
Export Ratio 3.1966%** 3.1976%** 3.1953*** 3.1965%**
(0.3511) (0.3511) (0.3511) (0.3509)
Leverage Ratio 0.2514 0.2539 0.2459 0.2483
(0.2638) (0.2637) (0.2637) (0.2638)
Labor Ratio 48.2471*** 48.2632%** 47.7545%%* 47.5911%**
(6.8790) (6.8778) (6.8856) (6.8776)
Wage per Employee 0.0087%** 0.0086*** 0.0087*** 0.0083%**
(0.0014) (0.0014) (0.0014) (0.0014)
Subsidy Ratio 19.5536*** 19.5038%** 19.5743%** 19.4039***
(6.5777) (6.5781) (6.5776) (6.5876)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.8199 0.8199 0.8199 0.8200
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES
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Table OA.3: Robustness Checks for Table 3.

We re-estimate Table 3 by not taking the logarigthmic value of the dependent variable. The outcome variable and all
control variables are winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors
clustered by firms. ***_ ** * indicate significance levels of 1%, 5%, and 10%, respectively.

Panel A: Dept Var = Product-Oriented PatCount in Linear Form

Panel A.1: Patent-Based IUC

Panel A.2: Paper-Based IUC

1) (@) @ )
IUC Dummy 0.7227*%** 0.3205%**
(0.0923) (0.0420)
IUC Count 0.8298%*%* 0.4639%**
(0.1021) (0.0511)
Patent Portfolio Size 0.1981*** 0.1947*%* 0.2026%** 0.1986%**
(0.0109) (0.0109) (0.0110) (0.0109)
R&D Intensity -3.9309%** -3.9125%** -3.9618%*%** -3.9558%**
(0.5788) (0.5789) (0.5789) (0.5786)
Total Assets 0.2898*** 0.2899*** 0.2890*** 0.2890%**
(0.0088) (0.0088) (0.0088) (0.0088)
Age -0.0522%** -0.0509%** -0.0539%** -0.0529%**
(0.0083) (0.0083) (0.0083) (0.0083)
Cash Ratio 0.0511%** 0.0518%* 0.0490** 0.0488%*
(0.0214) (0.0214) (0.0214) (0.0214)
Capital Expenditure Intensity -0.0479%** -0.0473%%* -0.0479%** -0.0471%**
(0.0110) (0.0110) (0.0110) (0.0110)
Profitability Ratio 0.9553*** 0.9559*** 0.9599*** 0.9625%***
(0.0502) (0.0502) (0.0502) (0.0502)
Sales Growth -0.0206%** -0.0207*** -0.0205%** -0.0205%**
(0.0032) (0.0032) (0.0032) (0.0032)
Export Ratio 0.1422%** 0.1422%** 0.1421*** 0.1415%**
(0.0225) (0.0225) (0.0225) (0.0224)
Leverage Ratio 0.0633*** 0.0633*** 0.0622*** 0.0617***
(0.0212) (0.0212) (0.0212) (0.0212)
Labor Ratio 12.6723%%* 12.6498*** 12.5905%** 12.5319%%*
(0.6262) (0.6259) (0.6262) (0.6259)
Wage per Employee 0.0035%** 0.0035%** 0.0035%%** 0.0035%**
(0.0002) (0.0002) (0.0002) (0.0002)
Subsidy Ratio 3.2269%** 3.2207*** 3.2350%** 3.2355%**
(0.5510) (0.5504) (0.5513) (0.5513)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.4626 0.4629 0.4625 0.4628
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES

(Continued on the next page)

Internet Appendix p.50



(Table OA.3 continued)

Panel B: Dept Var = Product-Oriented PatCite in Linear Form

Panel B.1: Patent-Based IUC

Panel B.2: Paper-Based IUC

a ) @ )
IUC Dummy 0.0149%%** 0.0052%%*
(0.0048) (0.0025)
IUC Count 0.0118*** 0.0078***
(0.0044) (0.0025)
Patent Portfolio Size 0.0014*%** 0.0014*** 0.0015%** 0.0015%**
(0.0005) (0.0005) (0.0005) (0.0005)
R&D Intensity 0.0686 0.0686 0.0679 0.0680
(0.0491) (0.0491) (0.0491) (0.0491)
Total Assets 0.0121*** 0.0121%** 0.0121%*** 0.0121%***
(0.0005) (0.0005) (0.0005) (0.0005)
Age -0.0007 -0.0007 -0.0007 -0.0007
(0.0005) (0.0005) (0.0005) (0.0005)
Cash Ratio 0.0032%** 0.0032%* 0.0032%* 0.0032**
(0.0016) (0.0016) (0.0016) (0.0016)
Capital Expenditure Intensity -0.0015 -0.0014 -0.0015 -0.0014
(0.0010) (0.0010) (0.0010) (0.0010)
Profitability Ratio 0.0465%** 0.0465%*** 0.0465%*** 0.0466***
(0.0039) (0.0039) (0.0039) (0.0039)
Sales Growth -0.0005%* -0.0005** -0.0005** -0.0005%*
(0.0003) (0.0003) (0.0003) (0.0003)
Export Ratio 0.0066*** 0.0066%** 0.0066*** 0.0065***
(0.0014) (0.0014) (0.0014) (0.0014)
Leverage Ratio 0.0014 0.0014 0.0013 0.0013
(0.0015) (0.0015) (0.0015) (0.0015)
Labor Ratio 0.6167*** 0.6167*** 0.6156%** 0.6145%**
(0.0430) (0.0430) (0.0430) (0.0430)
Wage per Employee 0.0001*** 0.0001*** 0.0001*** 0.0001***
(0.0000) (0.0000) (0.0000) (0.0000)
Subsidy Ratio 0.2091*** 0.2092%** 0.2093*** 0.2093***
(0.0437) (0.0437) (0.0437) (0.0437)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.2888 0.2888 0.2888 0.2888
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES
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Table OA.4: Industry-University Collaboration and Other Quality Measures of Product-Oriented

Patents.

We execute pooled regressions to estimate the association between industry-university collaboration (IUC) and a
firm’s quality measures of product-oriented patents. Specifically, we regress the dependent variables, Product-
Oriented PatBasic in year t+1 in Panel A, Product-Oriented PatExplore in year t+1 in Panel B, and Product-Oriented
TechBreadth in year t+1 in Panel C on measures of joint patenting and joint research as independent variables in
year -4 to t. As the dependent variables, Product-Oriented PatBasic denotes the ratio of academic papers cited over
total backward citations of product-oriented patents that are solely applied by the focal firm. Product-Oriented
PatExplore denotes the ratio of product-oriented exploratory patents over the number of product-oriented patents
that are solely applied by the focal firm. A patent is defined as exploratory if its primary IPC codes are different from
those of patents applied in the past. Product-Oriented TechBreadth denotes the average number of unique primary
IPC codes per product-oriented patent that is solely applied by the focal firm. If a patent has the following five
detailed IPC codes: C22C19/00 (primary IPC is C22), C23C4/00 (primary IPC is C23), C23C4/02 (primary IPC is
C23), HO1L23/36 (primary IPC is HO1), and HO5K7/20 (primary IPC is HOS), then its applicable primary IPCs
include C22, C23, HO1, and HOS5. As the independent variables, Patent-Based (Paper-Based) IUC Dummy equals
one if the focal firm has an IUC patent (paper); otherwise it equals to zero. Patent-Based (Paper-Based) IUC Count
denotes the number of patents applied by (papers published by) both a university and the focal firm. We also control
for innovation-related variables such as Patent Portfolio Size and R&D Intensity. We further control for firm
characteristics such as Total Assets (in billion RMB), Age, Cash Ratio, Capital Expenditure Intensity, Profitability
Ratio, Sales Growth, Export Ratio, Leverage Ratio, Labor Ratio, Wage per Employee, Subsidy Ratio, as well as firm
fixed effects, province-year fixed effects, and industry-year fixed effects. All control variables are defined in Table
1. Sample period of ¢ is from 1998 to 2013. The outcome variable and all control variables are winsorized at their
Ist and 99th percentiles. Numbers in parentheses denote standard errors clustered by firms. *** ** * indicate
significance levels of 1%, 5%, and 10%, respectively.

Panel A: Dept Var = Product-Oriented PatBasic

Panel A.1: Patent-Based IUC

Panel A.2: Paper-Based IUC

@ 2) (0] @)
IUC Dummy 0.0073%*** 0.0027***
(0.0013) (0.0006)
IUC Count 0.0076%** 0.0035%**
(0.0013) (0.0006)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.2350 0.2352 0.2349 0.2350
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls YES YES YES YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES

Panel B: Dept Var = Product-Oriented PatExplore

Panel B.1: Patent-Based IUC

Panel B.2: Paper-Based IUC

@ @) @ 2)
TUC Dummy 0.0472%** 0.0116%**
(0.0062) (0.0035)
TUC Count 0.0348*** 0.0102%**
(0.0054) (0.0034)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.2454 0.2454 0.2454 0.2454
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls YES YES YES YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES

Panel C: Dept Var = Product-Oriented TechBreadth

Panel C.1: Patent-Based IUC

Panel C.2: Paper-Based IUC

@ Q2) @ Q2)
TUC Dummy 0.0434%** 0.0194%**
(0.0105) (0.0056)
TUC Count 0.0336%** 0.0218***
(0.0095) (0.0057)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.3696 0.3695 0.3695 0.3696
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls YES YES YES YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES
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Table OA.S: Robustness Checks for Table 4.
We re-estimate Table 4 by using Ratio of Backward Citations to IUC Patents and Ratio of Backward Citations to
IUC Papers as alternative measures of Absorptive Capacity. Specifically, Ratio of Backward Citations to 1UC
Patents of a firm is measured by its ratio of backward citations to IUC patents divided by total backward citations
of patents; Ratio of Backward Citations to IUC Papers of a firm is measured by its ratio of backward citations to
IUC papers divided by total backward citations of papers. The outcome variable and all control variables are
winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors. ***, ** * indicate

significance levels of 1%, 5%, and 10%, respectively.

Panel A: Ratio of Backward Citations to IUC Patents as Measure of Absorptive Capacity

Panel A.1: IUC measured in Dummy

Panel A.1.1: Patent-Based IUC

Panel A.1.2: Paper-Based IUC

Product-Oriented PatCount

Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount  Product-Oriented PatCite

Dept Var = New Product Sales
(0] Q@) 3) @ @) 3)
TUC x High Group 0.1076%** 0.2063*** 0.0187*** 0.1630%** 0.3230%** 0.0305%**
(0.0245) (0.0190) (0.0044) (0.0228) (0.0180) (0.0042)
1uc 0.0461%** 0.0579%*%* 0.0074%%%* 0.0307%** 0.0319%%* 0.0028**
(0.0132) (0.0103) (0.0024) (0.0066) (0.0052) (0.0012)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4443 0.3027
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES

Panel A.2: IUC measured in Count

Panel A.2.1: Patent-Based TUC

Panel A.2.2: Paper-Based IUC

Product-Oriented PatCount

Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount

Product-Oriented PatCite

Dept Var = New Product Sales
[0 @ Q) ) @ ©)
IUC x High Group 0.0529%** 0.0960%*** 0.0046 0.1223%** 0.1987%*%* 0.0227***
(0.0188) (0.0143) (0.0033) (0.0140) (0.0112) (0.0026)
uC 0.0467*** 0.0696%** 0.0081%** 0.0503%** 0.0420%** 0.0037%%*
(0.0134) (0.0104) (0.0024) (0.0060) (0.0048) (0.0011)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4444 0.3027
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES

Panel B: Ratio of Backward Citations to IUC Papers as Measure of Absorptive Capacity

Panel B.1: IUC measured in Dummy

Panel B.1.1: Patent-Based IUC

Panel B.1.2: Paper-Based IUC

Product-Oriented PatCount

Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount

Product-Oriented PatCite

Dept Var = New Product Sales
(€5} @) 3) (0] Q@) 3)
IUC x High Group 0.0438 0.1132%%* 0.0179%** 0.1010%** 0.0622%** 0.0078%***
(0.0295) (0.0230) (0.0053) (0.0156) (0.0124) (0.0029)
e 0.0678%*** 0.0950%** 0.0094%** 0.0200%** 0.0390%** 0.0031%**
(0.0125) (0.0097) (0.0022) (0.0071) (0.0056) (0.0013)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4441 0.3026 0.8274 0.4441 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES

Panel B.2: IUC measured in Count

Panel B.2.1: Patent-Based IUC

Panel B.2.2: Paper-Based IUC

Product-Oriented PatCount

Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount

Product-Oriented PatCite

Dept Var = New Product Sales
@ Q@) 3) (00]) 2) 3)
1UC x High Group 0.0386 0.0868%*** 0.0123%%** 0.0496%** 0.0053 0.0013
(0.0237) (0.0181) (0.0042) (0.0121) (0.0095) (0.0022)
e 0.0646%** 0.1002%** 0.0079%%* 0.05]2%** 0.0662%*** 0.0063%**
(0.0110) (0.0083) (0.0019) (0.0068) (0.0054) (0.0012)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4442 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES
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Table OA.6: Robustness Checks for Table 5.
We re-estimate Table 5 by using Ratio of Paper Publication over Patent Issuance as an alternative measure of
Science Dependence. Specifically, Ratio of Paper Publication over Patent Issuance of an industry is measured by
its ratio of paper publications divided by patent issuance. The outcome variable and all control variables are
winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors. ***, ** * jndicate

significance levels of 1%, 5%, and 10%, respectively.

Panel A: IUC measured in Dummy

Panel A.1: Patent-Based IUC

Panel A.2: Paper-Based IUC

Product-Oriented PatCount

Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount

Product-Oriented PatCite

Dept Var = New Product Sales
@ @) 3) @ Q@) 3)
IUC x High Group 0.1324%** 0.1865%** 0.0100* 0.0193%** 0.0200%** 0.0028**
(0.0328) (0.0252) (0.0058) (0.0069) (0.0055) (0.0013)
1uc 0.0589%** 0.0905%** 0.0112%** 0.1142%*% 0.1655%** 0.0097%**
(0.0122) (0.0095) (0.0022) (0.0146) (0.0114) (0.0026)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4442 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES

Panel B: IUC measured in Dummy

Panel B.1: Patent-Based IUC

Panel B.2: Paper-Based IUC

Product-Oriented PatCount

Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount

Product-Oriented PatCite

Dept Var = New Product Sales
(L)) 2) 3) (0] 2) 3)
TUC x High Group 0.0860%** 0.1410%** 0.0050 0.1093%#* 0.1269%** 0.0081***
(0.0252) (0.0189) (0.0044) (0.0109) (0.0086) (0.0020)
1uc 0.0584%** 0.0936%** 0.0095%** 0.0369%** 0.0332%#% 0.0044%#*
(0.0107) (0.0081) (0.0019) (0.0064) (0.0051) (0.0012)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4443 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES

Internet Appendix p.54



Table OA.7: Robustness Checks for Table 6.
We re-estimate Table 6 by using /nverse of Location Distance as an alternative measure of Geographic Proximity.
Specifically, Inverse of Location Distance of a firm is measured by the inverse of the weighted average of the
distance between the focal firm and its collaborating universities. The outcome variable and all control variables are
winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors. ***, ** * indicate
significance levels of 1%, 5%, and 10%, respectively.

Panel A: ITUC measured in Dummy

Dept Var =

Panel A.1: Patent-Based IUC

Panel a.2: Paper-Based IUC

New Product Sales

Product-Oriented PatCount  Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount  Product-Oriented PatCite

(0] 2) 3) (0] Q2) 3)
IUC x High Group 0.0670%** 0.0123 0.0033 0.1391##* 0.125] 4% 0.0267***
(0.0231) (0.0180) (0.0041) (0.0319) (0.0246) (0.0057)
1uc 0.0510%%* 0.1098*#* 0.0113%#* 0.0365%** 0.0476%** 0.0039%#*
(0.0142) (0.0110) (0.0025) (0.0065) (0.0051) (0.0012)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4441 0.3026 0.8274 0.4441 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES

Panel B: IUC measured in Count

Panel B.1: Patent-Based IUC

Panel B.2: Paper-Based IUC

Product-Oriented PatCount  Product-Oriented PatCite

New Product Sales

Product-Oriented PatCount  Product-Oriented PatCite

Dept Var = New Product Sales
[0 @) [€) ) @) )
TUC x High Group 0.0418%** 0.0156 0.0046 0.0457%%* 0.0805%** 0.0157%%*
(0.0192) (0.0146) (0.0034) (0.0171) (0.0135) (0.0031)
1uc 0.0546%** 0.1110%%* 0.0084*** 0.0626%** 0.0617%%* 0.0055%%*
(0.0128) (0.0097) (0.0022) (0.0059) (0.0047) (0.0011)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4442 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES
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Table OA.8: Robustness Checks for Table 10.

We execute pooled regressions to estimate the effects of industry-university collaboration (IUC) on a firm’s future
performance of technology commercialization conditional on technological complementarity. Specifically, the
dependent variables are New Product Sales in year t+1 in a natural logarithm form in Columns (1), Product-Oriented
PatCount in year t+1 in a natural logarithm form in Columns (2), and Product-Oriented PatCite in year t+1 in a
natural logarithm form in Columns (3), respectively. As the independent variables, Patent-Based IUC and Paper-
Based IUC are measured in Dummy and Count in Panels A and B, respectively. All firm-year observations are split
into two groups according to their measures of Technological Complementarity: if a measure is higher than the
median, then it is included in the high group; otherwise, it is included in the low group. We measure Technological
Complementarity with Ratio of Synergistic Technology Classes. Specifically, Ratio of Synergistic Technology
Classes of a firm is measured by its ratio of synergistic technology class pairs divided by total technology class pairs.
A technology class X of firm F and class Y of the firm’s collaborating university U are synergistic if they are included
in at least one other patent. We also control for innovation-related variables such as Patent Portfolio Size and R&D
Intensity. We further control for firm characteristics such as Total Assets (in billion RMB), Age, Cash Ratio, Capital
Expenditure Intensity, Profitability Ratio, Sales Growth, Export Ratio, Leverage Ratio, Labor Ratio, Wage per
Employee, Subsidy Ratio, as well as firm fixed effects, province-year fixed effects, and industry-year fixed effects.
All control variables are defined in Table 1. Sample period of ¢ is from 1998 to 2013. The outcome variable and all

control variables are winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors.
*ak FE ¥ indicate significance levels of 1%, 5%, and 10%, respectively.

Panel A: IUC measured in Dummy

Panel A.1: Patent-Based IUC

Panel A.2: Paper-Based IUC
Dept Var = New Product Sales Product-Oriented PatCount Product-Oriented PatCite New Product Sales Product-Oriented PatCount Product-Oriented PatCite
a @) 3) @ @) (©)]
1UC x High Group 0.0161 0.0851%** 0.0085%* 0.1042%*% 0.0228 0.0144%%%
(0.0207) (0.0161) (0.0037) (0.0285) (0.0223) (0.0051)
1uc 0.0668*** 0.0679%** 0.0079%** 0.0370%** 0.0504%** 0.0042%**
(0.0158) (0.0125) (0.0029) (0.0065) (0.0051) (0.0012)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8273 0.4441 0.3026 0.8274 0.4441 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES
Panel B: IUC measured in Count
Panel B.1: Patent-Based IUC

Panel B.2: Paper-Based IUC
Dept Var = New Product Sales Product-Oriented PatCount Product-Oriented PatCite New Product Sales Product-Oriented PatCount Product-Oriented PatCite
a @) 3) a @) (©)]
IUC x High Group 0.0099 0.0818%** 0.0083%*** 0.0652%** 0.0140 0.0081%**
(0.0176) (0.0135) (0.0031) (0.0173) (0.0136) (0.0031)
e 0.0669%** 0.0690%** 0.0055%* 0.0621%** 0.0670%** 0.0062%**
(0.0140) (0.0110) (0.0025) (0.0059) (0.0046) (0.0011)
#Obs 784,025 784,025 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521 92,521 92,521
R-squared 0.8274 0.4442 0.3026 0.8274 0.4442 0.3026
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
Industry-Year FE YES YES YES YES YES YES
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Table OA.9: Staggered Difference-in-Differences Analysis Using Promotion of Local-Level University

Science Parks to National-Level Ones.

We utilize the promotion of a local-level university science park as a national-level university science park to be a
shock to local IUC activities and execute staggered difference-in-differences regressions. We include the following
dependent variables defined in year #: in Panel A, Patent-Based IUC (Paper-Based IUC) denotes the natural
logarithm of one plus the number of patents applied by (papers published by) both a university and the focal firm.
In Panel B, New Product Sales denotes the natural logarithm of one plus the output value of new products (in million
RMB); Product-Oriented PatCount denotes the natural logarithm of one plus the number of product-oriented patents
solely applied by the focal firm; Product-Oriented PatCite denotes the average forward-five-year citations of
product-oriented patents solely applied by the focal firm. A firm-year observation is included in the sample if its city
already has a university science park in year ¢. As the independent variable in Columns (1), National University
Science Park (Post) equals one for all firms in this city if a city’s local-level university science parks have been
promoted as national-level ones; otherwise it equals zero. In Columns (2), National University Science Park (Post)
is decomposed into ten event year related dummy variables. We further control for firm characteristics such as Total
Assets (in billion RMB), Age, Cash Ratio, Capital Expenditure Intensity, Profitability Ratio, Sales Growth, Export
Ratio, Leverage Ratio, Labor Ratio, Wage per Employee, Subsidy Ratio, as well as firm fixed effects, year fixed
effects, and number-of-years-since-USP fixed effects. All control variables are defined in Table 1. Sample period of
tis from 1998 to 2013. All control variables are winsorized at their 1st and 99th percentiles. Numbers in parentheses
denote standard errors. ***_ ** * indicate significance levels of 1%, 5%, and 10%, respectively.

Panel A: Dept Var = Industry-University Collaboration

Panel A.1: Patent-Based IUC Panel A.2: Paper-Based IUC
@ Q) @ Q)
National University Science Park (Post) 0.0078*** 0.0110%**
(0.0018) (0.0018)
Event Year <= -5 0.0037 -0.0067
(0.0058) (0.0058)
Event Year = -4 0.0020 -0.0052
(0.0058) (0.0059)
Event Year = -3 -0.0049 0.0021
(0.0040) (0.0040)
Event Year = -2 0.0017 -0.0035
(0.0037) (0.0037)
Event Year = -1 -0.0028 0.0024
(0.0034) (0.0034)
Event Year = +1 0.0001 0.0048
(0.0032) (0.0032)
Event Year = +2 0.0077** 0.0070%**
(0.0032) (0.0032)
Event Year = +3 0.0088%*** 0.0104%*x*
(0.0030) (0.0031)
Event Year = +4 0.0052* 0.0138%***
(0.0031) (0.0031)
Event Year >= +5 0.0134%*** 0.0193***
(0.0028) (0.0029)
#0bs 107,635 107,635 107,635 107,635
#Firms 14,045 14,045 14,045 14,045
R-squared 0.3384 0.3387 0.5528 0.5530
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls YES YES YES YES
Firm FE YES YES YES YES
Year FE YES YES YES YES
Number of Years Since USP FE YES YES YES YES

(Continued on the next page)
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(Table OA.9 continued)

Panel B: Dept Var = Technology Commercialization

Panel B.1: New Product Sales

Panel B.2: Product-Oriented PatCount

Panel B.3: Product-Oriented PatCite

o) @ o) @ o) @
National University Science Park (Post) 0.3987*** 0.0373%%*%* 0.0063*%*
(0.0079) (0.0082) (0.0031)
Event Year <= -5 -0.0029 0.0225 -0.0084
(0.0256) (0.0238) (0.0090)
Event Year = -4 -0.0134 -0.0191 -0.0060
(0.0258) (0.0196) (0.0074)
Event Year =-3 -0.0226 -0.0150 -0.0024
(0.0175) (0.0162) (0.0061)
Event Year = -2 0.0047 -0.0088 0.0049
(0.0162) (0.0149) (0.0056)
Event Year =-1 0.0091 0.0031 0.0007
(0.0149) (0.0122) (0.0046)
Event Year = +1 0.1968%** 0.0042 0.0036
(0.0141) (0.0115) (0.0043)
Event Year = +2 0.4382%%%* 0.0634%** 0.0152%%x*
(0.0142) (0.0123) (0.0046)
Event Year = +3 0.4175%** 0.0689%** 0.0165%**
(0.0134) (0.0122) (0.0046)
Event Year = +4 0.4290%** 0.0763%** 0.0217%**
(0.0136) (0.0128) (0.0048)
Event Year >=+5 0.5490%** 0.0786%** 0.0246%**
(0.0125) (0.0156) (0.0059)
#Obs 107,635 107,635 107,635 107,635 107,635 107,635
#Firms 14,045 14,045 14,045 14,045 14,045 14,045
R-squared 0.7937 0.7957 0.7292 0.7294 0.4695 0.4696
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Number of Years Since USP FE YES YES YES YES YES YES
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Table OA.10: Staggered Difference-in-Differences Analysis Using Effects of Establishments of University

Sub-Campuses across Provincial Borders.

We utilize the establishment of a university sub-campus as a shock to IUC activities of firms nearby but across
provincial borders and execute staggered difference-in-differences regressions. We include the following dependent
variables defined in year #: in Panel A, Patent-Based IUC (Paper-Based IUC) denotes the natural logarithm of one
plus the number of patents applied by (papers published by) both a university and the focal firm. In Panel B, New
Product Sales denotes the natural logarithm of one plus the output value of new products (in million RMB); Product-
Oriented PatCount denotes the natural logarithm of one plus the number of product-oriented patents solely applied
by the focal firm; Product-Oriented PatCite denotes the average forward-five-year citations of product-oriented
patents solely applied by the focal firm. As the independent variable in Columns (1), University Sub-Campus (Post)
equals one for all firms in cities that have experienced the establishment of a university campus within a 100km
distance but in another province; otherwise it equals zero. In Columns (2), University Sub-Campus (Post) is
decomposed into ten event year related dummy variables. A firm will be excluded from the sample if it is in a city
that has at least one nearby university campus before the start of our sample period of that has at least one university
campus by the end of our sample period. We also control for innovation-related variables such as Patent Portfolio
Size and R&D Intensity. We further control for firm characteristics such as Total Assets (in billion RMB), Age, Cash
Ratio, Capital Expenditure Intensity, Profitability Ratio, Sales Growth, Export Ratio, Leverage Ratio, Labor Ratio,
Wage per Employee, Subsidy Ratio, as well as firm fixed effects and province-year fixed effects. All control variables
are defined in Table 1. Sample period of # is from 1998 to 2013. All control variables are winsorized at their 1st and
99th percentiles. Numbers in parentheses denote standard errors. ***, ** * indicate significance levels of 1%, 5%,
and 10%, respectively.

Panel A: Dept Var = Industry-University Collaboration

Panel A.1: Patent-Based IUC Panel A.2: Paper-Based IUC
) ) ) )
University Sub-Campus (Post) 0.0038%*** 0.0073***
(0.0012) (0.0019)
Event Year <= -5 0.0019 -0.0028
(0.0026) (0.0041)
Event Year = -4 0.0003 0.0049
(0.0030) (0.0048)
Event Year = -3 0.0013 0.0040
(0.0025) (0.0039)
Event Year =-2 0.0016 0.0017
(0.0023) (0.0037)
Event Year =-1 0.0012 0.0017
(0.0022) (0.0035)
Event Year =+1 0.0019 0.0005
(0.0020) (0.0032)
Event Year = +2 0.0044%* 0.0118%%*%*
(0.0020) (0.0032)
Event Year = +3 0.0039%* 0.0097**%*
(0.0019) (0.0031)
Event Year = +4 0.0078%**%* 0.0128%***
(0.0020) (0.0032)
Event Year >=+5 0.0087*%*%* 0.0146%**
(0.0018) (0.0030)
#Obs 144,510 144,510 144,510 144,510
#Firms 20,128 20,128 20,128 20,128
R-squared 0.2781 0.2782 0.4995 0.4996
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls YES YES YES YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES

(Continued on the next page)
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(Table OA.10 continued)

Panel B: Dept Var = Technology Commercialization

Panel B.1: New Product Sales Panel B.2: Product-Oriented PatCount Panel B.3: Product-Oriented PatCite
[0} @ [0} @ [0} @
University Sub-Campus (Post) 0.2292%** 0.0278%*** 0.0043%**
(0.0064) (0.0050) (0.0015)
Event Year <=-5 0.0227 0.0011 0.0002
(0.0140) (0.0110) (0.0033)
Event Year = -4 -0.0134 -0.0003 -0.0006
(0.0161) (0.0127) (0.0038)
Event Year =-3 0.0198 0.0010 0.0012
(0.0132) (0.0105) (0.0031)
Event Year = -2 0.0045 0.0014 0.0011
(0.0125) (0.0099) (0.0030)
Event Year = -1 0.0008 -0.0008 0.0011
(0.0117) (0.0092) (0.0028)
Event Year = +1 0.0159 0.0003 0.0019
(0.0109) (0.0086) (0.0026)
Event Year = +2 0.0569%** 0.0342%** 0.0055%*
(0.0106) (0.0084) (0.0025)
Event Year =+3 0.4280%** 0.0436%** 0.0057**
(0.0103) (0.0082) (0.0025)
Event Year = +4 0.4658%** 0.0273%** 0.0041
(0.0108) (0.0085) (0.0026)
Event Year >=+5 0.4555%%* 0.0487%** 0.0103%**
(0.0100) (0.0079) (0.0024)
#Obs 144,510 144,510 144,510 144,510 144,510 144,510
#Firms 20,128 20,128 20,128 20,128 20,128 20,128
R-squared 0.7518 0.7600 0.6897 0.6898 0.4127 0.4128
Innovation-Related Controls YES YES YES YES YES YES
Firm Characteristics Controls YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Province-Year FE YES YES YES YES YES YES
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Table OA.11: Variable list of the NBS data.

We provide a comprehensive list of variables in the NBS data. The variables labelled in bold are those used in our empirical analysis.

Panel A: Background Information

Panel B: Balance Sheet

Panel C: Income Statement & Cash Flow Statement (part 1)

Panel C: Income Statement & Cash Flow Statement (part 2)

Variable Name Item Name (translated in English)

qyme Firm Name

frdm Code of Legal Person

frdbxm Name of Legal Person

W Position of Legal Person
dqdm Location

yzbm Zipcode

cpl Name of Product 1

cp2 Name of Product 2

cp3 Name of Product 3

hylb Industry

djzelx Registration Type

gykggk State Own Enterprise (dummy)
kysjn Establishment Year

kysjy Establishment Month
cyhddwshj Number of Business Units
qygm Firm Size Category

qzgy Light/Heavy Industry (binary)
dzyj Email

wz Website

gszch Business Registration Number

Variable Name Item Name (translated in English)

1dzchj
yszkje
ch

cep
gdzchj
sciyy
ljzj

jsjs
qzwj
wxjdyzchj
WXZC
zczZj
1dfzhj
yfzk
cqfzhj
fzhj
syzqyhj
sszb
i7bj

Jtzbj

frzbj
grzbj
gatzbj
wszbj
cyrs

Current Assets

Accounts Receivable

Inventories

Finished Products

Physical Assets

Physical Assets (used in production process)
Total Depreciation

Computers

Micro-Computers

Intangibles and Deferred Assets
Intangibles

Total Assets

Current Liabilities

Accounts Payable

Long-Term Liabilities

Total Liabilities

Total Equity

Paid-in Capital

Capital (paid in by the state)

Capital (paid in by collective owners)
Capital (paid in by the legal persons)
Capital (paid in by individuals)
Capital (paid in by owners in HK, Macau, and Taiwan)
Capital (paid in by foreign owners)
Total Employees
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Variable Name Item Name (translated in English)

gyxsczxjxgd
xcpez
gyzezxjxgd
gyzjz
yysr
qtsr
Zyywsr
tzsy
YYwsr
cpxscb
zycb
cpxsfy
ggf
glfy
yyfy
clf
ghif
bef
zgiyf
pwf
yywzce
yjkff
Irze
cpxslr
yylr
qtywlr
qtlr
ckjhz
cqtz
dqtz
bnzj
Isze

Total Sales

New Product Sales

Total Industrial Output Value
Industrial Added Value
Operating Revenue
Other Revenue

Main Business Revenue
Income from Investment
Non-Operating Revenue
Cost Of Goods Sold
Main Business Costs
Sales Expenses
Advertisement Expenses
Administration Expenses
Operating Expenses
Travel Expenses

Labor Union Expenditure
Office Allowance
Employee Educational Expenses
Sewage Charges
Non-Operating Expenses
R&D Expenditure

Total Profits

Sales Profits

Operating Profits

Other Business Profits
Other Profits

Exports

Capital Expenditure
Long-Term Investment
Depreciation of the year
Total Interest Expenses and Tax

Variable Name Item Name (translated in English)

sj
cpxssjjfj
zysj

ccbxf
lddybxf
1dbxf
ylylbxf
ylbxf

fgjj

cwfy

Ixzc

btsr

yjsds

yilr
bnyfgzze
zyywyfgzze
bnyftlfze
zyywyftilfze
bnyjzzs
bnjxse
bnxxse
ztrhy

jyxje

Jyxjr

jyxjc

Tax

Tax and Surcharge on Sales
Main Business Tax

Property Insurance Premiums
Unemployment Insurance Premiums
Workers Insurance Expenses
Medical Insurance Expenses
Pension

Housing Reserves

Financial Expenses

Interest Expenses

Subsidies Received

Income Tax Payable

Profits Payable

Wages Payable

Wages Payable (for main business)
Welfare Payable

Welfare Payable (for main business)
Value Added Tax payable
Input VAT

VAT on Sales

Intermediate Inputs
Operating Cash Flow
Operating Cash In-Flow
Operating Cash Out-Flow
Investing Cash Flow
Investing Cash In-Flow
Investing Cash Out-Flow
Financing Cash Flow
Financing Cash In-Flow
Financing Cash Out-Flow




Table OA.12: The List of 153 Universities in Qur Sample.

Entitlement University Name Entitlement University Name Entitlement University Name
Project 985 Jemi K Project 211 G Project 211 NN
Project 985 bz AR K2 Project 211 Jea Tk K% Project 211 RN
Project 985 e My NE= Project 211 Jeatfb Tk Project 211 THERE
Project 985 JbstivE K Project 211 JEAC IR Project 211 Hilg R
Project 985 K TR Project 211 Je R K Project 211 B L Y K 2
Project 985 L RHE R Project 211 Je bk K Project 211 iR
Project 985 ALK Project 211 JeiRE K% Project 211 iR
Project 985 KRR Project 211 JestEE R Project 211 ¥EANEE R
Project 985 HHK Project 211 JE T K Project 211 i FR
Project 985 [ By R R % Project 211 e R EA R Project 211 UV
Project 985 W RIE TR 2 Project 211 KWK Project 211 TR K2
Project 985 i N Project 211 B ERE K Project 211 KRR T KA
Project 985 AR ITTE R Project 211 HNEERKY Project 211 RHEERKS
Project 985 SERFELT K Project 211 ARACHRAL K5 Project 211 BT KA
Project 985 feh Bl R Project 211 FRAufaol k= Project 211 Va2 LR R 2
Project 985 Bl YN Project 211 ARALITYE KA Project 211 JiiEe [ N
Project 985 IR Project 211 AR Project 211 i N
Project 985 EEvN Project 211 T GG T 5 5 K Project 211 PHRg I & K
Project 985 IR Project 211 HE M R Project 211 THR R
Project 985 THERF Project 211 JIERE Project 211 PHRG A A2
Project 985 IEIRp N Project 211 B R Project 211 HrE
Project 985 IR K Project 211 W IR TR K2 Project 211 IS U NS
Project 985 RS IR Project 211 R R Project 211 TR
Project 985 Ul Project 211 ATl K2 Project 211 SN
Project 985 KR Project 211 b Tl oK Project 211 HPH K
Project 985 NS Project 211 OIS Project 211 o B AL R 2
Project 985 e N Project 211 TR K 2 Project 211 HEHLR RS (dbsD
Project 985 [ dlibN= Project 211 bl K% Project 211 i E R R (B0
Project 985 R A N Project 211 AP TR Project 211 RN
Project 985 BTN e N Project 211 LR TV K Project 211 s EA R (dEED
Project 985 Lok Project 211 fearhflk K Project 211 FERRE: (D
Project 985 R Project 211 AR HRITE K2 Project 211 o E 2R
Project 985 ERESp SR S5 Ny N4 Project 211 Brg K Project 211 o [ sk K2
Project 985 rp [ ARl oK 2 Project 211 PINEZ NG Project 211 RN o) N SN 2
Project 985 EHEPNEWNES Project 211 LR Project 211 EEP YN
Project 985 R R Project 211 MERE Project 211 rp e IR AR
Project 985 N Project 211 BRI IR K Institute 1 [E 2
Project 985 Hh g R R 2 Project 211 prsi NS Institute o E 2R B
Project 985 H R K Project 211 [Py N
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Table OA.13: The List of local USPs and national USPs.

University Name Name of USP Est. USP National USP Address
GRIRY: GRUR 2 KRR 1999 2021 | AAENTE LIX 310K 602 5
Je R JERABHEZFE (M) 2011 FoT A= X ALK 1633 5
B SN JE LR AR 1992 2002 | dbatiidEvE X e bR 127-1 5
JertREE LR R R R R 2017 UYL T X R 99 5
et R G NI R R E 2017 WA G N TR 4298 5
REET EHX P 5 @ A A8 1
Je R REALK A 2014
rP AR B R RS R 0
B SN P22 AL KR H [ 2016 PG O X LS i 292 5
0 TV 2 R P 0 R 44 e IX 9
Je R PN AR B R A 2016
% 195 5
Je R WL ALK A 2018 WITLAA ST 2N IX ) \IEH 66 5
Jeat Tk k2 Jea Tl K5 B K F R 2000 2005 | dbatii KRNI Hhdbsr 1312 5
Jea Tk K% E K F R
e Tl ok 2020 2020 | WARAG T H A2 BW(EKEdL
(& 25D
) e AR R E KRR
A6 AR KA 2000 2003 | AL =X MEE 12 5
e AR RS | WA 2017 T B A4 % B T R G X s PG AR
e TR S EFE K FRH
bt TR 2011 2011 | bR & FIX ERTE 35 5
CEPIE XD
e T RFE R KFRH
b Tk 2003 2004 | dbu{THEVE X EATRE RS 98 5
CREBETE XD
N e TR R (22 psy } } N
Jeatfb Tk 2017 LR LR =T X 2586 8 5
)
JE RSB RSB R F E R K F R 2001 2006 | AbatidgEiE X R A 44 5
Je TR K Je R K E R K F R 2003 2005 | dbatiidgEvE X R 30 5
Je TR K JE TR K A0 & AL 2018 INZR AR & iAE L XK 300 5
Jea Ik Je R T RFE R KFRH 1992 2003 | dbatidgEvE X P =R big 2 Sk
JU BT K 5 A X [ B R
s TR - 2010 Jb BT X U =R IR H 2 5B
JE Rt H Tk B e N YN AR N AT 2003 b E X R A R KA 9 5
Jeatblk K JbbRE K 5 B R KR 2009 2014 | dba{liduE XIEHE AR 35 5
Jeatblk K VT X K SR 2014 N TR T [ A S
JE T K JE TG K5 B R K F R 2001 2003 | dbniiidEiE X P 12 5
A6t T vE X R AT BE A G =3 A0 19
et ANEE R et AME B R F R 2012 .
2
Je s i X AU AT B A3 75 350 10
Bl ny s Jb 3 S H K R K R 1998 2003 |
5l
Jb 5T K R KR
Jb s B K 2 2010 2010 | REtlideg X\ &8 FENKiE
(RS D
Jeat R EA R HURZE R K F R 2002 2003 | dbatidgiE X FRi G 12 5
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KIEWGH K KWK RH 2009 LA KETTH 7 X T 523 5
KGR T R KER T K% EFRKFRH 2004 2004 | LTERIETHIFFXHRAEE 80 5
) U ) 148 R T S DX e IR T DG B 3%
AR K TR R [ R Tl 2001 2002
Kig1%5
FRALR# ALK E R K2R 1990 2002 | WA LMHT TR =04 11 5
ALl AL K F R T 2017 R B X G XU 65 K KA 3 2 ik
FAbgol K FRAbAO K2 E K2R 2011 2014 | BT /RIETHD X AME 59 5
AR PRy N e P Ny SRS AT 2000 2003 | Lighik T X &4k 658 5
KR VRPN P SNy SRS AT 1999 2002 | LA T XX KILEE 6 5
RN K AN K E KR 2R R 2014 2014 | A& AR N i ) 5 B Tl % BH e i
B FEMN R 2 E 5OR 2R . GBI
AR 2021 2021 | FREE RN T EILAT KRS 15
431D
HH K 5 H R B KRR 2000 2002 | LTI ERE 115 1 5%
) ) P R DX R T TV 2 X
PN IR R 2006
15
BN R BN R 2 1 KK 2 R 2011 2014 | SN BPHTTALER X LR KIE R B 2708 5
B R R % L E FE KR 1999 2002 | KR X R 283 5
W IR TREK 2 W IR TR R 22 XK 2 R 2001 2003 | VTG /RIE RS KX IS 434 5
W IR TRER 2 R RV TR R 575 B A AR A [ 2014 INZRATE B s B X B K 167 5
MR K2 W IR TR 22 K 2 R 1999 2002 | BV RV T RS R X MR 434 5
HIE ALK A AR Tl K AR 2008 A BT A X R B A TR T
AR Tk KA A R0 E R AR 1999 1999 | ZHEA AT &L X3 L 602 5
) HMTEFRFEREE GAER YLIREH N TR X = — % 5 K K8
b e Y N3 2009 2009
N X 43 ED X
b B N AL Tk R 2 R KR 2000 2006 | A FFEAEX HiA AL 368 5
AL Tk oK 22 [ 5K K R AL Tz ] X AR AL KO 5 224
o B N 2012 2012
G X BT X
AL Tk oK 22 [ 5K K SR )
o B | N 2013 2013 | REMILRR TFi—5% 8 5
(REALR) [EHIX
AL Tk oK 22 [ 5K K R
LTk A2 2010 2010 | JiB & TlT FR AR K A
JRE) @lX
i N 1R K% [ R R 2006 2010 | AR A KD EREX AR 186 5
TR K 2 L EFE KR 1999 2002 | KR X R 283 5
b R b K F EFE K FRE 2001 2006 | dbmii B TXILRE 2 5
Hedbi A K E R K F R
b R 2008 2008 | WALELRE T35 X AL 3 5699 5
CERE S D
L N = ERE T RFERKFRHE 2003 2005 | Ligig L X A 1300 5
TEAR TV K RIS K E R K F R 2001 2006 | g RE X &YV 155 5
Lo N = e T RFERKFRHE 2000 2002 | JUARA)INTTRIMX HLEK 373 23 5
e iV K LA NI PN = 2554 2019 T TR X L KOs T 55
fer Rl K e R K E R K F R 2000 2009 | AL TRk L X b AL g
ferh gl K DRI e T X [ 5K 2 A [l 2000 2002 | WAALA RN LR Xzt 8 5
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AR BT R BB AT K X A el
A iy K2 A i K E R K F R 2001 2021
55
AR FAARKEEE R KR 2000 2003 | EHAREKIE NN XEA H 168 5
LN R R 2002 JTMT R X A% 35-37 5
TR N YL R 28 E KR 2E R 2001 2006 | ILIETH T X IR 99 5
EY PN 2R 2R E KR 2E R 2002 2002 | MR KPR 249 5
PUS N 3T KSR 1999 LTI 2 X KT 128 5
ey M B K E R R ERE 2001 2004 | YLPGREE TR L X g AE 589 5
MR 2R R 2001 2002 | M ETTEX G 8 5
M TR K2 TS R K R 2021 YLI58 F BT R UE X AR 29 5
Epre I N~ A B TR KR 2001 2003 | FERUTRHEX JGEBRATE AR 1 5
A B TR KR
R UHE TR 2012 2012 | VL7574 R T ER X 2 Hi i
R 1 XD
i R KR (5
FIPnY i 5 2019 M T X SR R 1 5
X
i R KR (G5
FIPnY i 5 2016 YLIME I N T P XA P 188 5
X
i R A (KR
IRy NS 5 2021 VLA s XA et 78 5
X
MR PR 2 B KR 2 A 1999 1999 | REWRIFXIEKE 3 5
MR IpiNF e | 1999 2003 | RiEWEITXIEKE 3 5
» » P 5 el [ DX R AR e T S X R R I
e RPN M IR IX B R KR 2013 2013
Juig 5 AR BT RS X O
THER¥ TERFEE R KR 1999 2010 | FE A H R X )T &R IX 75 K
HAbwrke IRYIEAYR 2 [ R KR [ 2002 2003 | AYITHRILX BN —JE 6 5
TG T T TSR DX ) K 2E KB 30
R TR B KRR 2004 2014 |
5l
RN e bk 2 b s TR X oA
TEHERF TE R E R R 1993 2002
Kk 15
TR T AN XS0 SR Lo A XK 2
THERE HERHEE (B 2000
101 5
JE TR JE 1R 2 1 5K K 2 R el 1999 2005 | fEEAE I B X R 36 5
R4 BFRE T T R (X0 AR K [ 5k
IR K R K E R KR 2001 2002
B
laticd 2N I K E RO R 2006 2009 | Ll s 8 5
iR R B R A 1992 2003 | G CX AVLIE RS 188 5
RHERSE K GRS K E R KR 2001 2002 | b #RBEIX i KIE 1599
) ) FrEBLEE R VR X AT P AL = AR 19
F TR T E R R 2004 2014 |
5l
Pl VU1 K2 R KR 1999 2002 | PU)IAE AT REEX — B 24 5
PP NE VI N2 SRS 2022 2 T R IR X BT R 46 5
MK PR 2 KR 2E R 2007 2010 | YLZE SN SReP X R it 328 5
KIEH T K PN MW NE S E ST 2009 2009 | LR R AT AR AL 28 5
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PN N FHEER 2 B KR 2R 1999 2002 | RETEHE X FEE 11-1 5
B NS [ K2 B 8 KR [ 2003 2003 | iR X ARG 65 5
RN UK 2 B R 2 A 1999 2010 | ECPBCTIVEE X AR tH IS K2 e i 1 5
FEwl L N = FEwi &L M NE LS| 2001 2021 | WHLARE AT E X K% 25 5 6 5
722 FL TR K B R KR
G 22 LR K 2002 2006 | PRV VE 2 ERE XRH R 168 5
/T
78 22 2 3 K 7 2 2030 R [ 5K 2 R el 1996 2002 | BRVGA PG 2 ERS X EMEE 99 5
(R NS PEAL Tl K2 5K 2R 2001 2002 | P HTRARX AIETERE 127 5
PEALA SRR K B R KR JRBH T A% B2 [X 2= 5 AT A e s v XV
PaALRAMB R 2 2000 2002
%35
[N FRR T AT E R KR 2004 2004 | HERTALHEX AL 128 5
(iR NS VG 7 3038 K KR 1994 2005 | AT 42X 38K 144 5
B B HERLEE R BRI SEAF DR ET
HriE K b N PN e 2001 2005
X PalLik 458 5
TR GE LI B IR AE 7 T A B
JIBUPNES SETI R 2ERNH 2014
977 5
I 76 45 PG 2 T AR e [X ) 38 1 R e B
KR K REERH 2013
4555 5
RN WL R 2 B 5K 2 A 2001 2002 | WL T PEHIX TG R 525 5
HEPH K HRIN KK AR 2016 2006 | VAT EE A HEI TR BT 2 Be i AR X 16 5
P E R rf E B R R 2009 e BN X R R 126 5
b E R K% GG BT R BHTHE AT R X LI —#% 19
R ERLT RS GRBO B[ 2013
PO 5
P EER H S ER KR 2002 2010 | HSAIRFHIX DA SR 127 &
PEBFHAKRE | GIEER KR HE 1999 2002 | A A RN E L X LR 602 5
o E R B BUE MR 2007 bR AR X AL g 15
AR BF R T KT X 5 s S i A S
FR E R IR RHR M [ 2018
X 7L 60 K
o E R B r R B R 2002 WU EHFE A X P9 22 B % 50 5
o E R B RRLE CHED BEARM 2016 FONTTE X R 179-2 5
RSN AR R 2 [ R OR 2 R [ 2006 2006 | YLIWA4RMN T iR Cre B R K
RSN FR R 2 [ SRR 2 R [ 2007 2010 | HEIEX SR T 115
bt M GE X R 75 1 -5 1E B G 8 X
o ER K2 r AR Y R 2 [ R OK 2 e [ 2006 2006 .
EHEEPNEWNES EHEPNEWNE ISP N 2 55| 2004 2008 | AbHTTHHEIE X AR KA 59
FEAmRSE
. FR AR SR 2009 bt B PIX RN 18 5
R
PEAMASE (B | PEAMKSE ER) RER 200 200 IRERETREXILRERE NI
5 5
%) %
LN r E B R 2 R 2007 JEs T X P i 25 5
B E X R BUL K E URX 29 5
FREMSBIERY: | RIS EE K S R 2009 "
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WD T I R XA R AT R e B v B K
SHEEPNES PSSP N 2 SEs AT 2003 2021

FeA R
ke Al ok B OR A AR 2006 2006 | JUINTTEERDCHIE TGRS 135 5
RPN LIPS PN S S 2006 LR HFE X RN 59
K TRK 22 [ 5K 2 B 2001 2002 | RV EFIX PO BRI IE Vb %
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Table OA.14: The List of Campuses of Our Sample Universities.

Panel A: Cites that effectively enter the sample of test

University Name Name of Campus Year of Establishment Address
TR TR R S H AL X 2000 TLI3A8 W PN T B2 AL 200 5
ARG R HETE T R B AL X 2000 T 2R A8 B L T R X0 L R i R R
HHT K HRL R 2 T B 2B 2001 WL AS T W T M [X o Rl T AR s i 1 5
LTINS PR 27 RG22 B 2001 WEINETAEARTFRIX (TR Bl ek 99 5
BMIR2E B RERH2EBE 2001 Bt A B R AT A PR I VA M K RIS ORIE
A TR TR 2 B 2001 HEETLZCR AT TR R ERX
bR IR US| iWAPNEZ R s 22l 2002 TR TR & (5 # R r 7 KA 473 5
R WA R RO b 2002 BTEEAET /K B A X B 5 95 T 22N P 15
THERS WHLIE K =M b 2003 WHLAFENT R 705 5 9 2
JZTTR JZTTR 5 PR 2003 AR M R R A BORTF R X T TR S M AL X
BEITR TR AR R X 2003 TR SRy NI A X R VK 300
RN A T K2 2 5t 2004 TLIRA8 8N T R X 5 )11 AR 6 96 5
[N B R ZR N R 2 B 2004 TLIRAE 2R N T R X M 22 AR 8 5
[ s PN PG 22 T RHE R K 22 2 b 2004 B 76 44 T i e T B (X
AL R AL R IR E R IX 2005 LA g AL XK AL KA 619 5
WL KA WL K= & M BT L R 2005 WA £ N T TR KTE P B 618 5
e R e R SR S BE 18 BRI 7T e 2005 WAL IR 11 B DX BH T 225 5
B R BRI X 2005 TLVE AT T R % 9 =
R R TR K2 =22 Bi 2005 R AR = LT P X S B 191 5
g )1 R V9 )1 R 2SR AR 2006 il L KE — 5
[kl AN VR A 28 K2 RN 27 5 2006 V9145 R BE 7 BL X Kb 99 5
rh [ AR R o AR R 24 6 B ST B 2007 L AR & Tl T X i 2006 5
L RER BT RHR % AR (5 B LR R 2007 ARSEMTRA LT B B P2 LR X s — 8% 17 5
B[ PN BT ASE K F e b5t 2008 AL AR BT 2 BT 2000 5
TR THE R SR 2B 2008 T T L T B OKGE 333 5
JeEiR JEFCR2AEEAR T bR 2008 HTTLAE 4R 0% T AR X R W AR 2-1 5
iR I 2 RS T 2 2008 HILAE ST IR 99 5
AR TR AL Al R SAIEFR 225 5 3T Be i A AT S e 2009 TG AE R L T A ) X A e X Tk X
HrE AR (RO HEARY: (RR) BIEHERBE R 2009 IWAREBRENREXIL—% 739 5
R R R SR 5 RO R AR 5 AR i 2010 ERI T X IR ISE I RBFE IR E AR B 0 D R
AT ALK B BTk R B 42 Bt 2010 GRE BT BN X AL 698 5
PN N KRR AR F B 2010 B ZKIE 51 S5m0 TAEHEHT I B FE 404 =
At PNES R R A MIALX 2010 AN T B
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Panel B: All Campuses of Our Sample Universities

University Name Name of Campus Est. Year Address

TR TR B R R S BT e 2016 | A AR IETERE 3 5 s ORI AL X

TR TR B R R S BF T B 2018 | A AR IETERK 3 5 ORI AL X

TR TR v B G STt e ke 2006 | ANEHIIETGRE 3 5 g

LR LR AR A A ST AT RS BOR ™ 2021 | HIEHEFX B 111 5RBRFIHENRESHA

T R 1F A B B4

LR RSB 2003 | SRR X AN T & L X S 8 5

LR DR ZEE T L2 R R = S5 T B 2014 | ENEHTAEPG R 3 5 RROCF IR X

LRI GR 2B G BT 7 B 2019 | A AT X VLA R QML IR S5 0 B R 3 %

LR LRI IERIRIX 1958 | &M & L X IEvE 3 5

LR LR AR 2003 | #BAEEET VLR 111 5

TR TR 505 REAB TR 2017 | HAEHEFHEATFRIX LR 111 5

TR TR KM — AR R TE R 2020 | A AR IETERE 3 5 ORI AL X

Jea R I RFE AR SOUH T (B 2020 | JbHORAHERIE 51 S BE. Pl I X A AR s (3

D) )

JeEiR JemTRE 1898 | ALK iE X AT B 5 5

Jea R JEEOR2 AT 2012 | PSSR A il P b el X AL R X AL KR I 2 5
%2 1%

JeEiR JERREEHF DT L bR 2013 | JERCRZAEHURHE 5 2 511

JBatR JB IR AR BRI 42 Bt 2014 | JATALAEHEEE T SFRORIF R X /il inideds 1-B

JeatR B IR R E BB AL B 2019 | YLPEAE R E T L X ml SR WILRE 269 SRR
ALl 14 # 12 2

JeatR B R HIR A AR F Bt 2006 | JbmiREEHR 1Sk

JeatR R NS BLE F B 2016 | Abnt i vE X B EE R 5 5 b 5tk A i B

JeatR LR RZEAMAI AR T b 2008 | ShITEMITLEXHE AR ES 2-1 S (PO RIE SR R AL
M ZRFGAL)

JeatR BN S| V=S e TR Tl AR 2010 | JbndmiigiE X EURE S 5 5, dbaURH A el
o

Jea R JEFOR 2 [ 20E M BORLE BT 2005 | JEECRMAHE B A 4 2

JeEiR B AR =L BT 7 B 2012 | BIREFHAIFRIXIERH 30-4 5 301 =

e TR Jemt Tl k2 1960 | ALK B XKk [ 100 5

Je Tk K= JeE T R m0E BBk R 7k 2018 | JEECHEAFA X PSR 100

Jea Tk K% JeE Tk R AT R0 TT R 2020 | AbRtiTEARA XF AR BE 100 At Tk RS ERE 8 2

Je Tk K= JeE Tk R LU I T i T ke 2014 | JEECTHEHF X PSR E 100 5

e s Tk R BN =237 R =2 U 2005 | BRI X AR LA B BB 3

e s Tk R JE 5 Tk R0 TR 5B 1995 | AELa{iwiBH X 5K 100 =

e s Tk R JE T Tk R RO B (0 R SR AT T B 2016 | Jba{HiWIBH X AR 100 =

Jem Tk R F63E Tolb K e R T R B 7 2021 | JbE{HTHIRH XS SREE 100 =

e s Tk R U5 DAV KA IEH 2T 52 Bt 2005 | Jba{HiEIRH X ARk 100 =

e R K e R K 1952 | JbR{iigiE X b 37 5

JEE R R JEH AT R KPR IX 2010 | Jbntdi BFX i mld e =4 9 5
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R R | AEEUE IR ik LR Bt 2005 | HHIEXERLHK 37 5
JEst s R K I SR BRI S IR 55 T RE B B 5t 2013 | JEHtATEE X ERiRE 37 5
L
R HR RS | B ESEE IR 2005 | AbHtATEIE X ERRE 37 5
et iR RS | TR AN E R TR O 2009 | Abu{ATEEX Rk 37 5
ISR RE | BRI AR G R G R s 2012 | AbntATEEX Rk 37 5
TR B[ A e 2k i 2021 | ALK AL =R 15 SAbnib TRSEHFAIE
401
TR e TR 1958 | ALA{HHIPHX L= 48K 15 5
e TR JES TR BT Bt 2017 | EBAE PR X PRI TG % 8 5 b sk TR 342 JRAF
FE b
TR e TR AT b 2005 | b 5TAR MBI S B H AR LT R X 5 R 808 5
JEs TR e LR ETRX 2017 | b5 BT X B 4R T 29 5
JEs TR JES AL TR 2 M SR BT T B 2008 | VLN H B 18 5 M RHEOR
JEs TR JE TR Z% B B PR it AR L 2014 | REHHIFRXEAMIE 41 5%
FebE
JEs TR JE AT RV ER P LT T B 2012 | HEEEAEE TR DR R 126 5
JEs TR JES A RT3 M T Bt 2010
TLIRA8 75 H T AR X AH I X 76 PR % 3688 5
JEs TR JEE A TR PR X 1996 | bt iiEiE X K ATREH 98
e TR TR W 220 N 2014 | LW L= 4B 15 5
Er/S N It sgiE R 1896 | AbntiiigiEX v E 140 LA 3 5
It sgiE R JES AR AL S LR A SEB R RITTE 2016 | ALu{HiE & XN BARR B E KK E
El7rS N JEH AR B (CHEBD 2008 | VLA FEHENT R 2009 5
It sgiE R T S R S R BB T Bt 2021 | AEHCIHEE X AR R 28 5
Tt sgiE R ARG R AL X 2000 | AbutrniEE X R R 44 5
JEstsEiE R BB PN E P2 e X IF 2018 | AbstidEE X FEE 140 B 3 SAbnisG@ K 7 575
Atk
B S S liPNES JEHT A R S ] 2% ) 5 A8 B [ 2021
WFFChE Jest i X AR A 28 5 R A AR 5 R
JEssEiE R JEAC K 38 R GRS TR 2016 | AbutidEEX B 3 SAbs R KRR AIHRE 11 Z
B
JEstsEiE R JE 38 K EE RN 5 e 2002 | PRI RE LD X e el e X ALK A AS1L &
JEstsEil R T A2 K R AL A B 2019 | 4G4 L T e X R AR TEIE 46 5
7S PN JE A AE R L X 2015 | B T REHEHT X BLARER 69 5
Tt sgiE R JET3E R R T Bt 2021 | WL AR A8 O T R HT X RIS 119 5 A07 1%
Tt sgiE R IS REE R FE K= M TRE 2012 | VEHEL T E s b X pE 2 0 MV SRR X C 16 ik
Tt sgiE R RSB RFERKEMFITRE (LD 2019 | VLA e b X pa 2 0 MV SR EE X C 16 Sk
JE R R JEs R R 1952 | Abut e X ki 30 5
JE R R JE R RS BT R X 2018 | LB TRITHE G 12 5
JE R R TSR R SRR 5 4 e A T 2020 | Abu{ATHREX R 30 5
JEs R R JE R RS R e R T B 2020 | AEHCATHEE X ERERR 30 5
JEs R R JEs R K TR AR T B 1996 | Lt e X 2Bk 30 5
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JERHE R TR R E R IX 1998 | At HiABHIX AL —H 19 5

IR R JES RS U HRE R 5 B 2016 | JAMTTHEBRIX M Sk KA 228 52 T 2005

JERHE R JETRHE R R s 5 SO i 9 B 2014 | JLRTITEEX H K 30 5

JE R R FEATRHE S AN TR R 7T B 2018 | JLETTHGE X B 30 5

JE R R Bl v et s N PR S 2016 | JLHTHIIPH X & H AL — BAL RO R X 47
JLE

JE R R B[ 7Y S PN P RE 2005 | KRB N EHX SUEHURERLAR AR 1 5

JE R R JES R R S b B AR 5 B 2008 | JLHTTHRGE X 2B 30 56 vk

JEEET R JEEET R 1940 | JLHUHEE X A KA 5 5

JEEET R LR E TR R (S BB b 2019 | AR EEAE # F 40U X 7 4 b K3l 1998 5 ECE T 3 1
S

JERELT R JER TR R 2 X 2002 | JbEH LK R 2 TEMAK

JbaE TR JE R B TR I T e 2014 | RYIT G L DXRR e R X R SU K22 e A207 Z YIRS
WX BN T3E 9 S ALI TOIHKE 403 =

JEET R Bl N i aE s o N TN 2015 | JLHETEEX AR 5 5

JERELT R JEHE RS Bt 2 Bt 2004 | JARAE Bt e X K G A 6 5

JEET R CATN B s N2 ! o 2009 | JUHRAHILITIREE 6 SHHAE 1 #i 11 )2

e Nir NS [ NN 1952 | JLstiigiE XisERE 35 5

B[ v SN JE STl R 5 [ b 2 ST 5 Bt 2021 | AL THE X EERREE 35 5

JEmtpR R FEFTMRAL I B AT A A R R e 2019 | JLETTREX LR 35 5

R IR

B[ v SN FEFTMRAL I b S A A B P AR R 2021 | JLETHE X EERREE 35 5

B[ v SN AL AR B I AR 5 2021 | AR WER M E K225

B[ v NN TRl R AR B 5 5 R G AT T 2021 | FEHEARE 35 SAbTARL RS S

B[ v S N FEFMAL S A 5 1 AR R A 2017 | AL THHE X EERREE 35 5

e Nir NS AL MR R T W I e 2020 | JLETITEEXIEERR 35 5

By RN By Riv NS 1902 | dextigifi Oshb ke 19 5

By Piv NS LT K S BR A 2001 | AR A BRI T AN X B SOL A AR 18 5

By RN JE T K S BRI X 2019 | AR BRI T A X SIS G AR 18 5

eI eI 1953 | dbstiigiE X (5 ik 48 5

eI T KA T o SR 5 R 2020 | JLRTITEX SR 48 5
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Table OA.15: Baseline Regressions Estimated within Industries.

We estimate baseline regressions of Tables 2 and 3 across 38 industrial industries covered in the NBS dataset. The
dependent variables are New Product Sales in year t+1 in Panel A, Product-Oriented PatCount in year ¢+1 in Panel
B, and Product-Oriented PatCite in year t+1 in Panel C, respectively. As the independent variables, Patent-Based
1IUC and Paper-Based IUC are measured in Dummy. We also control for innovation-related variables such as Patent
Portfolio Size and R&D Intensity. We further control for firm characteristics such as Total Assets (in billion RMB),
Age, Cash Ratio, Capital Expenditure Intensity, Profitability Ratio, Sales Growth, Export Ratio, Leverage Ratio,
Labor Ratio, Wage per Employee, Subsidy Ratio, as well as firm fixed effects, and province-year fixed effects. All
control variables are defined in Table 1. Sample period of ¢ is from 1998 to 2013. The outcome variable and all
control variables are winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors
clustered by firms. *** ** * indicate significance levels of 1%, 5%, and 10%, respectively.

Panel A: Dept Var = New Product Sales Panel B: Dept Var = Product-Oriented PatCount Panel C: Dept Var = Product-Oriented PatCite
Industry \ Coefficients of Patent-Based IUC Paper-Based IUC Patent-Based IUC Paper-Based IUC Patent-Based IUC Paper-Based IUC

Mining: Coal (06) 0.0646 0.0725 0.4486*** 0.0809* 0.0276 0.0036
Mining: Petroleum (07) 0.3782%%* 0.0664 0.3160%* 0.1732 0.0286 0.0483
Mining: Ferrous Metals (08) 0.0000 0.0000 0.3711 0.0534 0.0118 0.0618*
Mining: Non-Ferrous Metals (09) 0.0112 0.5701*** 0.0472 0.0586 0.0011 0.0142
Mining: Non-Metallic Minerals (10) 0.5799%** 0.3271%%** 0.3139%** 0.1276 0.1066*** 0.0648%**
Manufacturing: Agricultural and Agrifoods (13) 0.1898*** 0.1447%** 0.0166 0.0115 0.0067 0.0067
Manufacturing: Food Products (14) 0.1856** 0.0088 0.0721 0.0725%* 0.0303** 0.0283***
Manufacturing: Beverages (15) 0.2816%* 0.2352%** 0.1707*** 0.0220 0.0318%** 0.0055
Manufacturing: Tabacoo (16) 0.4608* 0.1948 0.5617%*** 0.0578 0.0066 0.0282
Manufacturing: Textile (17) 0.0690 0.1762%** 0.0716 0.1579%** 0.0041 0.0019
Manufacturing: Clothing (18) 0.1422 0.1306 0.1916* 0.1100 0.0143 0.0182
Manufacturing: Leather (19) 0.1449 0.2368 0.0192 0.3461%** 0.0222 0.0403%*
Manufacturing: Wood (20) 0.0217 0.0696 0.1536 0.0795 0.0088 0.0455*
Manufacturing: Furniture (21) 0.2100 0.8711%%** 0.1521 0.5199%** 0.0334 0.0680%**
Manufacturing: Paper (22) 0.7999%** 0.0364 0.1858 0.0646 0.0310 0.0106
Manufacturing: Print (23) 0.0688 0.1288 0.3158%** 0.0852 0.0141 0.0054
Manufacturing: Recreational Supplies (24) 0.0696 0.0039 0.1239 0.8008%** 0.0353** 0.1581***
Manufacturing: Energy (25) 0.154 0.1267 0.0256 0.1379** 0.0022 0.0010
Manufacturing: Chemicals (26) 0.1281%%** 0.1409%** 0.1047%** 0.0298** 0.0094* 0.001
Manufacturing: Phamaceuticals (27) 0.2149%** 0.0192 0.1066%*** 0.0072 0.0157** 0.0004
Manufacturing: Chemical Fibers (28) 0.3815%* 0.3041%* 0.0423 0.0694 0.0112 0.0043
Manufacturing: Plastics (29) 0.0580 0.0045 0.3708%** 0.0615 0.0636** 0.0131
Manufacturing: Building Materials (30) 0.2046%** 0.1390%** 0.4010%** 0.0331 0.0600%*** 0.0068
Manufacturing: Steel (31) 0.1101** 0.0723%* 0.0399 0.0106 0.0166 0.0106*
Manufacturing: Non-Ferrous Metals (32) 0.2313%%* 0.3544 %% 0.1619%** 0.0147 0.0175 0.0157*
Manufacturing: Metalware (33) 0.4100%** 0.2866*** 0.1709%** 0.0887%* 0.0433%%* 0.0113
Manufacturing: General Equipment (34) 0.4878%** 0.1138%** 0.2615%** 0.0224 0.0346*** 0.0088
Manufacturing: Special Equipment (35) 0.0934% % 0.0652%*** 0.0761** 0.0572%%** 0.0116* 0.0066*
Manufacturing: Automobiles (36) 0.1301*%** 0.0143 0.0828** 0.1496*** 0.0031 0.0199%**
Manufacturing: Trains and Aeroplanes (37) 0.1882%** 0.1846%** 0.2939%** 0.1237%** 0.0338%*** 0.0101%**
Manufacturing: Computers (39) 0.1061%** 0.0337 0.1128%** 0.0496 0.0103 0.0093
Manufacturing: Instruments and Apparatuses (40) 0.1001* 0.0498* 0.0898** 0.1036%*** 0.0005 0.0051
Manufacturing: Daily Necessities (41) 0.0604 0.0841%* 0.1378%** 0.1684*** 0.0088 0.0201%**
Manufacturing: Recycling (42) 0.0795 0.0603 0.0448 0.1485%** 0.0146 0.0116
Manufacturing: Equipment Repairing (43) 0.1046 0.0463 0.0214 0.0364 0.0723%** 0.0257*
Production and Supply: Electricity (44) 0.0601%** 0.0277* 0.5209%** 0.028 0.0551%** 0.0025
Production and Supply: Gas (45) 0.0532 0.0000 0.0437 0.1856** 0.0308 0.0036
Production and Supply: Water (46) 0.0301 0.0116 0.0119 0.0142 0.014 0.0195%*
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Table OA.16: Effects of Granted IUC Patents vs. Unsuccessful IUC Patent Applications.

We execute pooled regressions to estimate the association of number of granted IUC patents and unsuccessful [lUC
Patent Applications on a firm’s future performance of technology commercialization. Specifically, we regress the
dependent variables, New Product Sales in year t+1 in a natural logarithm form in Panel A, Product-Oriented
PatCount in year t+1 in a natural logarithm form in Panel B, and Product-Oriented PatCite in year t+1 in a natural
logarithm form in Panel C on Successful and Failed IUC Patent Applications, Granted IUC Patents, and
Unsuccessful IUC Patent Applications as independent variables in year #-4 to 7. As the independent variables,
Granted IUC Patents denotes the number of patents applied by both a university and the focal firm that are later
successfully granted. Unsuccessful IUC Patent Applications denotes the number of patents applied by both a
university and the focal firm that are never granted. Successful and Failed IUC Patent Applications is the sum of
both Granted IUC Patents and Unsuccessful IUC Patent Applications. We control for Total Sales (in billion RMB).
We also control for innovation-related variables such as Patent Portfolio Size and R&D Intensity. We further control
for firm characteristics such as Total Assets (in billion RMB), Age, Cash Ratio, Capital Expenditure Intensity,
Profitability Ratio, Sales Growth, Export Ratio, Leverage Ratio, Labor Ratio, Wage per Employee, Subsidy Ratio,
as well as firm fixed effects, province-year fixed effects, and industry-year fixed effects. The outcome variable and
all control variables are winsorized at their 1st and 99th percentiles. Numbers in parentheses denote standard errors
clustered by firms. ***_ ** * indicate significance levels of 1%, 5%, and 10%, respectively.

Panel A: Dept Var = New Product Sales

Panel A.1 Panel A2
@ 2) @ Q2)
Succesful and Failed IUC Patent Applications 0.0573%**%* 0.0547*%*
(0.0183) (0.0182)
Granted IUC Patents 0.0532%* 0.0514%*
(0.0219) (0.0218)
Unsuccessful IUC Patent Applications 0.0046 0.0035
(0.0125) (0.0124)
#0Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.8280 0.8283 0.8280 0.8283
Total Sales as a Control YES YES YES YES
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls NO YES NO YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES
Panel B: Dept Var = Product-Oriented PatCount
Panel B.1 Panel B.2
@ ) @ 2)
Succesful and Failed IUC Patent Applications 0.1212%%** 0.1156%**
(0.0148) (0.0148)
Granted IUC Patents 0.1025%** 0.0980%**
(0.0177) (0.0176)
Unsuccessful IUC Patent Applications 0.0279%%*%* 0.0272%%*
(0.0106) (0.0103)
#0Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.4403 0.4442 0.4402 0.4442
Total Sales as a Control YES YES YES YES
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls NO YES NO YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES
Panel C: Dept Var = Product-Oriented PatCite
Panel C.1 Panel C.2
@ @) @ 2)
Succesful and Failed IUC Patent Applications 0.0107*** 0.0102%**
(0.0028) (0.0028)
Granted IUC Patents 0.0107*** 0.0104%**
(0.0033) (0.0033)
Unsuccessful IUC Patent Applications 0.0001 0.0000
(0.0011) (0.0011)
#Obs 784,025 784,025 784,025 784,025
#Firms 92,521 92,521 92,521 92,521
R-squared 0.3014 0.3026 0.3013 0.3026
Total Sales as a Control YES YES YES YES
Innovation-Related Controls YES YES YES YES
Firm Characteristics Controls NO YES NO YES
Firm FE YES YES YES YES
Province-Year FE YES YES YES YES
Industry-Year FE YES YES YES YES
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