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ARTICLE INFO ABSTRACT

JEL classification: Public research organizations (PROs) and universities receive large amounts of public funding for

L25 the generation and transmission of knowledge, and companies contract external knowledge from

D22 both. An important question for the management of a firm’s R&D and for public innovation

]62341 policies is: What is more beneficial for the generation of firm innovations, external knowledge
created by PROs or by universities? In this paper, we assess the impact of external knowledge

Keyufords: L from PROs versus universities on firm innovativeness. We use information on R&D acquisitions

Public research organizations . X

Universities from a panel dataset of more than 10,000 Spanish firms from 2005 to 2014. We show that

External knowledge external knowledge from PROs and universities increases firm innovativeness. Our results suggest

Firm innovativeness that knowledge generated by PROs is more sensitive to the absorptive capacity of the firm than
knowledge generated by universities. This has implications for research policy, R&D manage-
ment, and organizational strategies of firms’ knowledge activities. Firms with low absorptive
capacities benefit relatively more from knowledge generated by universities than from knowledge
generated by PROs. Moreover, R&D managers should plan both their external and internal R&D if
they acquire external R&D from PROs.

1. Introduction

Public research organizations (PROs hereafter) and universities are key players in a country’s innovation landscape, which is why
they typically receive large amounts of public funding for knowledge generation and transfer.' External knowledge from PROs and
universities is potentially very important for private sector innovation and, consequently, for economic growth. As Arora et al. (2016,
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2018) show, firms are increasingly relying more on external rather than internal knowledge to generate innovations, and a firm’s
absorptive capacity (that is internal capabilities) is becoming fundamental for integrating this external knowledge. In this paper, we
empirically assess, for the first time, the comparative effect between external knowledge from PROs and universities on firm inno-
vation and investigate the role of absorptive capacities as a fundamental mechanism for the differences between the impact of the two
types of public external knowledge.

What is more beneficial for the generation of firm innovation: external knowledge generated by PROs or by universities? This is an
important question for the management of a firm’s knowledge-based activities and its R&D governance in order to maximize inno-
vation output. Answers to this question are also informative for policy makers who want to evaluate the efficiency of public innovation
policies. Moreover, studying how internal absorptive capacities contributes to the integration of external public knowledge is key to
understanding the internal R&D requirements needed for the innovation process when knowledge is generated by different public
providers.

Knowledge from PROs and universities is a fundamental part of firms’ external knowledge flows (Arvanitis et al., 2008; Caloghirou
et al., 2021; Cohen et al., 2002; Gonzalez-Pernia et al., 2015; Tether and Tajar 2008). However, most studies ignore differences be-
tween PROs and universities when evaluating the impact of public research on firm innovation. The relative effect of the transmission
of knowledge from PROs and universities on firms’ innovativeness is not straightforward. The existing literature suggests that uni-
versities and PROs are central producers of both basic and applied research around the world (Bentley et al., 2015; Senker, 2006;
Cruz-Castro et al., 2012, 2020) and, therefore, there may not be any significant differential effects between the external knowledge of
PROs and universities on firm innovation.” However, there are differences between PROs and universities that may affect their
transmission of knowledge and, consequently, the importance of the moderating role of absorptive capacities to assimilate knowledge
(Cohen and Levinthal, 1990).% Bozeman (2000) argues that the knowledge produced by PROs tends to be more interdisciplinary and
produced with more expensive equipment than that produced by universities. These features may increase the complexity of the PROs’
external knowledge which may therefore be more difficult to transfer and to assimilate by private firms than knowledge generated by
universities.

According to Lane and Lubatkin (1998), for knowledge transfer to be effective, there must be a similar knowledge base between the
organization that is transferring the knowledge and the organization that receives it. As a consequence, firms might need high levels of
absorptive capacity to fully assimilate external knowledge from PROs as compared to the absorptive capacity needed to use knowledge
transferred from universities.* An example of the importance of this matching can be found in the strategy carried out by the Industrial
Technology Research Institute (ITRI) in Taiwan.” As explained by Intarakumnerd and Goto (2018), in the 70 s the ITRI had the capacity
to transfer very complex knowledge, but companies were not ready to exploit that knowledge efficiently. When companies improved
their absorptive capacity, the ITRI began to transfer cutting-edge knowledge. Between the 1970s and early 1990s, as Taiwanese firms
were lagging behind technologically advanced countries, the ITRI focused on disseminating cutting-edge foreign technologies, and
helping firms to develop their absorptive capacity to exploit those technologies. From the late 1990s, leading firms started to conduct
in-house R&D and changed their status from ““imitators’’ to ““innovators’’. As a result, ITRI shifted its focus to help local companies
building R&D capabilities and developing cutting-edge products. Since the 2000s, ITRI have vigorously developed next-generation
technologies such as artificial intelligence, 5G or cloud technology (ITRI, 2021). Currently, ITRI has links with leading global tech-
nology companies such as LG, Microsoft, Janssen Pharmaceutica, Taiwan Semiconductor Manufacturing Company, etc.’

Another difference between PROs and universities is the educational mission of universities, which can facilitate the transmission
of knowledge to private enterprises. For example, the communication between firms and universities may be more fluid than between
firms and PROs due to different cultures and also due to the personal and professional links between former students and academics.”
As a consequence, the transfer of tacit knowledge from universities might be higher than from PROs. Firms with low absorptive ca-
pacity might benefit relatively more from the knowledge generated by universities, while firms might need high absorptive capacity to
benefit from the knowledge produced by PROs.

For our empirical analysis, we use a panel dataset from 2005 to 2014 with information on firm external knowledge from more than

2 For example, Jaffe and Trajtenberg (1996) and Jaffe and Lerner (2001) conclude that, since the 1990s, US public labs have become more similar
to universities in terms of the type of research generated.

% The role of absorptive capacity is particularly relevant for the assimilation of external public knowledge because public research rarely leads to
readily usable product market innovations (Apa et al., 2021; Bloedon and Stokes, 1994; Kobarg et al., 2018; Min et al., 2020). Moreover, the private
and public sector have different research cultures, which can lead to different informational barriers (Siegel et al., 2004).

4 Consistent with this idea is that on average PROs have more technical support for their research than universities. According to the Main Science
and Technology Indicators from the OECD, on average, from the total number of R&D workers in PROs, 38 % are technicians and other supporting
staff, while this percentage is 22 % in the case of universities. In the case of Spain, 80 % of the total number of R&D employees in universities are
researchers, and 20 % technicians and other support staff; for PROs, these percentages are 54 % and 46 %, respectively.

5 ITRI, established in 1973, is a PRO responsible to and partly supervised by the Ministry of Economic Affairs, whose mission is to promote new
industries and modernize existing ones.

6 See https://www.itri.org.tw/english/index.aspx

7 Contractual technology transfers require a high-involvement relationship (Perkmann and Walsh, 2007; Fontana et al., 2006; D'Este and Patel,
2007) that embodies both codified as well as tacit knowledge. Universities, which combine basic and applied research with a broader education
mission, might have a comparative advantage over PROs to transfer their tacit knowledge because of their teaching experience (Debackere and
Veugelers, 2005; OECD, 2002). For instance, Kunttu (2017) provides evidence of the importance of the educational origin in long-term uni-
versity—-industry relationships.
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10,000 Spanish firms. Our dataset provides unique information on firm R&D acquisitions distinguishing between acquisitions from
PROs and from universities. Using this information, we construct measures of external knowledge or technology transfers from PROs
and universities.® We first measure the impact of each type of external knowledge relative to a control group of firms without external
knowledge. We calculate the average treatment effect of external knowledge on firm innovativeness distinguishing by type of provider.
Our results reveal that, compared to firms with no external knowledge, knowledge transfers from only PROs increase product in-
novations by 7.3 %; transfers from only universities increase product innovations by 7.4 %; and transfers from both PROs and uni-
versities increase product innovation by 4.8 %. However, these effects are not different at standard statistical levels. This suggests that
in terms of firm innovativeness, there are no significant differences between the external knowledge coming from PROs and those
coming from universities.

Next, we restrict our sample to firms with transfers of external knowledge, either from PROs or universities. Using a propensity
score reweighting estimator, we show that the relative effect of knowledge transfer from PROs versus universities is moderated by the
level of firm absorptive capacity; that is, the intensity of a firm’s internal R&D capability. We find that, for firms with low levels of
absorptive capacities, the effect of external knowledge from universities on firm innovativeness is higher than the effect of knowledge
from PROs. As a firm’s absorptive capacity increases, the differential effect becomes smaller. This suggests that technology transfers
from PROs are sensitive to the level of firm absorptive capacities. Firms need to have medium or high levels of absorptive capacity to
profit more from the knowledge generated by PROs than from universities.

Our results are robust to several robustness checks, including heterogeneity in treatment timing, comparing separately each type of
external knowledge provider to firms without external knowledge, and generalization concerns: We find the same results for the
external knowledge acquired from foreign PROs and foreign universities. This suggests that our findings are not driven by specific
institutional characteristics of Spanish PROs or universities, but that it is a more general result. We also find that there are positive
spillovers mostly coming from universities. Our results suggest that spillovers from universities are higher than those from PROs. A
possible explanation is that universities can transfer their knowledge in a more accessible way than PROs. The teaching mission of
universities is consistent with this idea. Another possibility is that the commercial R&D of PROs is more complex than that of uni-
versities and, therefore, firms need to have a high absorptive capacity to assimilate it.

While the impact of university-industry collaboration on firms’ innovation performance has been analyzed previously (Yu and Lee,
2017; Sziics, 2018; Kafouros et al., 2015; Vega-Jurado et al., 2017; Garcia-Vega and Vicente-Chirivella, 2020; Anén, 2016; among
others),’ to our knowledge, there is no evidence on the comparative importance of knowledge transfers from PROs and universities on
firms’ innovativeness, which is key for firms to design their optimal strategy to acquire external knowledge and for the design of public
innovation policies. We contribute to the literature by providing the first evidence on the importance of absorptive capacity for the
relative effectiveness of public knowledge transfer from universities and PROs. We also highlight the role of both PROs and universities
as key organizations for knowledge transfer to the private sector.

Our results have implications for the management of R&D and organizational strategies of firms’ knowledge activities. From an
applied perspective, our results suggest that some firms might have less incentive to invest in their internal R&D if they can acquire
external knowledge from universities. In contrast, R&D managers might plan both their external and internal R&D if they acquire
external R&D from PROs. Consequently, federal and regional policies for funding universities and PROs might influence firms’ in-
novations and strategic R&D decisions in different ways.

The rest of the paper is organized as follows. In Section 2, we provide the related literature. In Section 3, we summarize the main
features of the Spanish institutional framework of PROs and universities that are relevant for our study. In Section 4, we describe the
data and empirical methodology. In Section 5, we present our baseline results, robustness checks, and describe results for other firm
characteristics. As robustness checks, we compare the effect of each type of external knowledge provider separately to firms that do not
acquire external knowledge, and determine the moderating effect of absorptive capacity; we control for heterogeneity in treatment
timing and treatment intensity; we use alternative measures of absorptive capacity; we control for pre-innovation output; we control
for persistence of treatment; we perform a placebo test by randomly assigning the treatment to the non-treated firms; we eliminate
potential outliers, and we address the issue of external validity or generalization of our results. Finally, in Section 6, we discuss the
implications and conclude.

2. Related literature and contributions

Our paper is mostly related to the literature that studies the effects of PROs and universities on firm innovation. For a sample of
German firms, Beise and Stahl (1999) found that, approximately, 40 % of firms reported that their innovations could not have been
developed without the research from public laboratories and another 40 % reported that their innovation could not have been
developed without knowledge transfers from universities. Eom and Lee (2010) analyze, for a sample of Korean firms, the determinants

8 previous studies that consider R&D acquisitions at the firm level are Garcia-Vega and Vicente-Chirivella (2020), Medda et al. (2005) and
Vega-Jurado et al. (2017), among others.
9 See Perkmann et al. (2013, 2021) for a review of the literature on university-industry relations.
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of industry-university and industry-government research institutes (IGRIs) cooperation and its impact on firms’ performance. They
find that cooperation with universities and cooperation with IGRIs has a similar positive effect. However, once they controlled for
endogeneity, this positive effect turned negative and became statistically insignificant at standard levels, which indicates the
importance of selection.

In contrast to these articles, we explore the effect of contractual technology transfers, or external knowledge, measured as R&D
acquisitions on firm innovation and we use, among others, matching techniques to address the potential selection bias problem.
Moreover, we specifically analyze differences between the effectiveness of external knowledge from universities or PROs and account
for differences in absorptive capacities. Garcia-Vega and Vicente-Chirivella (2020) using the same dataset than this paper, find a
positive effect of university technology transfers on firm innovativeness. Differently from them, we do not restrict our study to uni-
versities, but analyze and compare the possible differential effects between the external knowledge that is provided by universities and
PROs. This comparison is one of the main contributions of our paper.

To our knowledge, there is no evidence on the comparison between the effects of PROs and universities on private industry. We
believe that this is important gap of knowledge because universities and PROs are the fundamental providers of public knowledge in
most countries, and both receive large amounts of public funding. Therefore, understanding how PROs and universities differ in terms
of their direct and indirect effects as well as firm heterogeneity are important elements for the design of efficient public R&D policies
and for firms’ R&D management. Another difference of our paper with respect to Garcia-Vega and Vicente-Chirivella (2020) is that we
examine firms’ determinants to obtain external knowledge from different public providers. A further contribution is that we find that
absorptive capacity plays a fundamental role in moderating the effect of knowledge transfers from PROs and universities. This shows
that different firms benefit differently from the external knowledge generated by universities and PROs and sheds light on their
different role within the public research system. Apa et al. (2021) and Kobarg et al. (2018) explicitly recognize the impact of absorptive
capacity on firms’ ability to gain from university-industry collaborations. In contrast to these studies, we distinguish between PROs and
universities. We consider the possibility that the moderating role of absorptive capacity may not be the same for universities and PROs.

Sziics (2018) investigates the effect of the EC’s Seventh Framework Programme (FP7) that ran from 2007 to 2013 in the EU, which
enhanced cooperation between universities, research centres (not exclusively public) and private firms on firm innovation. The author
finds a positive effect of cooperation with universities for innovation and no effect of cooperation with research centres. In contrast to
Sziics (2018), we compare the effect of external contractual knowledge generated in public institutions instead of cooperation and we
specifically study public research organizations. An advantage of contractual R&D is that we can account for the direction of the
knowledge transfer which facilitates identification. Another fundamental difference is that we study the effect of public external
knowledge on private innovation. Our contribution is that we can specifically distinguish between PROs and public universities and
therefore study their differential effect on innovation. Furthermore, we provide evidence for the role of absorptive capacity to explain
the differential effects between technology transfers from PROs and universities.

Finally, some related papers investigate the importance of sources of information and formal and informal collaborations from
public institutions. Barge-Gil and Vivas-Augier (2019) compare the effect on sales from new-to-the-market products for firms
collaborating with universities and those collaborating with knowledge-intensive business services. Capron and Cincera (2004) study
the determinants that explain the use of difference sources of information, including universities. Fudickar and Hottenrott (2019)
investigate the impact of formal and informal interactions with publicly funded scientific research on the innovativeness of German
start-ups. They find that firms engaged in these interactions were more likely to introduce new products and services to the market and
that absorptive capacities played a fundamental moderating role for the effectiveness of technological collaborations. In contrast to
these studies, our paper distinguishes between the impact of external knowledge from PROs and universities. Moreover, we specifically
analyze their determinants and their differential effects.

3. The Spanish institutional framework

Before explaining our dataset, we summarize the main features of the Spanish institutional framework of PROs and universities that
are relevant for our study. As in most countries, the Spanish innovation system has different objectives and organizational forms.'"
Spanish R&D organizations can be grouped as follows: Higher education, PROs, businesses, and private non-profit institutions (OECD,
2021)."

In Spain, there are five main PROs, which are directly overseen by the central government. The Spanish National Research Council
(CSIC), the National Centre for Energy, Environment and Technological Research (CIEMAT), the National Institute for Aerospace
Technology (INTA), the National Health Institute Carlos III (ISCIII) and the Astrophysics Institute of the Canary Islands (IAC). CSIC is
by far the largest Spanish PRO and includes 120 specialized and transdisciplinary centres which carry out all kinds of fundamental and

10 See OECD (2021) for a review of the Spanish Science, Technology and Innovation System.

11 Higher education includes public and private universities, plus other higher education institutions. In Spain, 90 % of R&D spending in higher
education institutions is carried out by public universities; private universities account for 7 % and other higher education institutions account for 3
%. For the sake of simplicity, we will refer to higher education as universities. In terms of PROs, this includes central government public research
organizations, other research organizations dependent on the central government, public research organizations dependent on regional govern-
ments and other centres. The share of R&D expenditure of " other centres’” within the total expenditure of PROs is less than 10 %. Therefore, in our
definition of PROs “other centres” will be excluded (Source: INE Estadistica sobre actividades de I + D.)
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applied research (Cruz-Castro et al., 2012).'? The remaining four centres are highly specialized and mission-oriented.'® PROs under
regional control are small in terms of number of researchers and budget, but they have more flexibility than central government
research centres. Both central and regional centres primarily focus on research.

Spain has 83 universities. Fifty of these are public and thirty-three are private. In Spain, private universities are mostly teaching-
focused and, therefore, R&D activities by higher education institutions are carried out in public universities. Public universities are
financially dependent on the autonomous regions and undertake research in all areas of knowledge.

4. Data, characteristics of firms with external knowledge, and methodology
4.1. The data

Our dataset comes from a yearly survey of Spanish firms (Panel de Innovacién Tecnologica, PITEC) from 2005 to 2014. The Spanish
National Institute of Statistics constructs this database based on annual responses to the Spanish Community Innovation Survey
(CIS).'* This is a unique dataset that includes representative samples of the universe of firms that are trying to innovate in Spain. The
initial sample is based on 128,420 firm-year observations in total, which accounts for an unbalanced panel of 10,392 companies.

In the dataset, the company reports its external R&D expenditures distinguishing between type of providers.'® The survey distin-
guishes between external R&D expenditures from PROs and from universities. With that information, we construct the following
dummy variables to measure the different types of external knowledge transfers: PROs only, which is a dummy variable that takes the
value one if the firm reports acquiring R&D only from PROs; universities only, which refers to firms that purchase R&D services only
from universities; and PROs and universities, which corresponds to firms that acquire external R&D from both PROs and universities.
Measures of external knowledge transfers similar to ours are used by Garcia-Vega and Vicente-Chirivella (2020), Fudickar and Hot-
tenrott (2019), Vega-Jurado et al. (2017) and Medda et al. (2005). On average, the percentage of firms in the sample that obtain
external knowledge from PROs is only 0.66 %, and the percentage of firms with external knowledge from PROs and universities is 0.71
%. These numbers compare with 4.70 % of firms that obtain external knowledge from universities only.

In Table 1, we present the descriptive statistics of the data. In column (1), we show the means of the key variables for firms that
obtain external knowledge from PROs only; in column (2), we present averages for firms with external knowledge from universities
only; in column (3), we show means for companies that obtain external knowledge from both PROs and universities; and, in column
(4), we present averages for firms without external knowledge from PROs or universities, which we denote as non-transfers. In
Tables Ala and A1b in the Appendix, we show the differences of means and a t-test of the difference of means of these variables.

In Panel A of Table 1, we show the volume of external knowledge by provider, measured as the proportion of internal R&D. In the
sample, the average and the standard deviation of the expenditure of R&D acquisitions and internal R&D are very similar between the
groups in columns (1) and (2).1° The difference of means in Table Ala in the Appendix shows that there are not differences at statistical
levels between the two variables. These features suggest that although more firms obtain knowledge transfers from universities than
from PROs, independently of the type of provider, the average expenditure on external knowledge per firm is similar between groups.
The descriptive statistics in column (3) suggest that firms that obtain external knowledge from both types of providers spend
approximately 7.8 % more from universities than from PROs.'”

Our main dependent variable is product innovation, which is one of the most commonly used proxies for innovation (Caloghirou
et al., 2021). This variable is a dummy variable that takes the value one if a firm reports having introduced new or significantly
improved products in the current or previous two years. In the robustness section, we also consider as dependent variables other
measures that account for output intensity such as sales from new products to the market, and other innovation outputs such as quality

12 Of the total budget allocated to central PROs in 2021, 54 % corresponds to CSIC (Ministerio de Ciencia e Innovacion, 2021).

13 The literature distinguishes between four types of PROs (Sanz-Menéndez et al., 2011): mission-oriented centres; public research centres and
councils; research technology organizations; and independent research institutes. While the first two types are purely public, the latter two comprise
a mix of semi-public, private, and non-profit organizations. Given that our main objective is to assess whether public external knowledge from PROs
and universities has a differential effect on firm innovativeness, our definition of PROs only includes mission-oriented centres, and public research
centres and councils.

14 The PITEC survey is specifically designed to analyze R&D and other innovating activities following the recommendations of the OSLO Manual on
performing innovation surveys (see OECD, 2005). The survey is targeted at manufacturing and services companies whose main economic activity
corresponds to sections C, D, and E of NACE 93, except non-industrial companies because of the imprecision of methodological marking in the
international context by other branches of activity. Details on the survey and data access guidelines can be obtained at https://icono.fecyt.es/pitec/
descarga-la-base-de-datos. The methodology about the construction of the dataset is available here: http://www.ine.es/prodyser/microdatos/
metodologia_pitec.pdf. (Access 04/10/2021). From 2014 there has been a change in the survey, such that some firms are not surveyed every
year. This generates a change in the sample composition. To ensure the consistency of the composition of the panel, for our analysis, we consider the
sample until 2014.

15 External R&D expenditures are defined in the survey as: “Acquisitions of R&D services through contracts, informal agreements, etc. Funds to
finance other companies, research associations, etc., which do not directly imply purchases of R&D services are excluded”. R&D services are defined
as: “Creative work to increase the volume of knowledge and to create new or improved products and processes (including the development of
software)”. They specifically exclude licenses and royalties, which are a different question in the survey.

16 The average internal R&D for firms with only PROs is 1.8 million euros, while for universities only is 1.7 million euros.

17 This difference is statistically significant at standard levels as shown in Table Ala in the Appendix.
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Table 1
Means of main variables.
External knowledge from Non-transfers
PROs only Universities only Both PROs & Universities
@™ (2) ®3) “@
Panel A: Volume of R&D external knowledge:
PROs 61.58 0.00 25.32 0.00
(38.25) (0.00) (23.93) (0.00)
Universities 0.00 59.76 27.30 0.00
(0.00) (38.86) (23.90) (0.00)
Panel B: Other firm characteristics:
Product innovation (0/1) 0.74 0.75 0.79 0.45
(0.44) (0.43) (0.41) (0.50)
Innovation investment (in logs.) 12.81 12.95 14.34 6.80
(2.81) (2.64) (211 (6.19)
Physical investment (in logs.) 8.45 8.37 8.79 7.88
1.74) (1.80) 1.72) (1.94)
Exporter (0/1) 0.80 0.76 0.80 0.47
(0.40) (0.43) (0.40) (0.50)
Labour productivity (in logs.) 11.98 11.84 12.25 11.67
(1.05) 114 (1.18) (1.10)
Number of employees (in logs.) 4.29 4.33 5.26 4.07
(1.61) (1.62) (1.68) (1.73)
Internal R&D intensity 1.28 1.42 1.90 0.44
(2.40) (2.91) (4.47) (2.65)
Absorptive capacity 1.37 1.35 1.46 0.23
(1.16) (1.27) (1.17) (1.49)
No. observations 846 6036 912 120,626

Notes: Standard deviations in parentheses. The symbol (0/1) means dummy variable. The variables PROs (Universities) is the external R&D expen-
ditures coming from PROs (Universities) as proportion of the internal R&D. Product innovation is an indicator that equals one if the firm reports having
product innovations during the periods t to t—2. Innovation investment is the natural logarithm of total innovation expenditures; Physical investment is
the natural logarithm of physical investments per employee; Exporter is a dummy variable that take the value one if the firm is an exporter; Labour
productivity is the natural logarithm of sales over number of employees; Number of employees is the natural logarithm of the number of employees.
Internal R&D expenditures is the spending on internal R&D activities per employee. Absorptive capacity is measured as in Escribano et al. (2009) by the
principal component of the internal R&D, a dummy if the firm has a fully staffed R&D department, a dummy if the firm provides training for its R&D
personnel and the ratio of scientists and researchers to total employees) of firms with external knowledge from universities.

improvements, process innovation or patents.

The mean values of firm characteristics are presented in panel B of Table 1. The evidence in panel B suggests that there are small
differences between firms that obtain external knowledge from PROs only and firms that obtain external knowledge from universities
only in terms of innovation outputs. For example, the average product innovation for firms with technology transfers from PROs equals
0.74 (with std. = 0.44) versus 0.75 (with std. = 0.43) for firms with technology transfers from universities only. This is corroborated in
Table A1b, where the difference of means is statistically equivalent. Comparing columns (1) and (2) with column (3) reveals that firms
with both types of external knowledge transfers (column 3) slightly outperform firms with external knowledge transfers from PROs
only and firms with external knowledge transfers from universities only.'® This suggests that there might be some complementarities
between external knowledge transfers from PROs and universities. Finally, firms without external knowledge are, on average, less
likely to innovate than firms with any type of technology transfer.

We also report averages for the following firm characteristics: the natural logarithm of total innovation investment; physical in-
vestment, which is measured as the natural logarithm of physical investments per employee; a dummy variable that takes the value one
if the firm is an exporter; labour productivity, which is measured as the natural logarithm of sales per employee; the natural logarithm
of the number of employees; the internal R&D intensity, measured as the internal R&D per employee; and the absorptive capacity at
the firm level.

Our measure of absorptive capacity follows Escribano et al. (2009), which combines several elements of the internal knowledge
capabilities of a firm. Absorptive capacity is constructed as the principal component of the following variables: the internal R&D, a
dummy variable that takes the value one if the firm has a fully staffed R&D department, a dummy variable that takes the value one if
the firm provides training for its R&D personnel and the ratio of scientists and researchers over total employees.

To avoid that our measure of absorptive capacity is influenced by external knowledge from PROs or universities, we construct the
variable at the beginning of the sample period. The advantage of this measure is that it accounts for several firm characteristics that
reflect the capabilities of a firm to assimilate external knowledge within the organization. For example, if external knowledge requires
some tacit knowledge and personal interactions for processing key information, then different variables that consider distinct

18 The difference of means is statistically different from zero in both cases.
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characteristics of R&D personnel can be an accurate measure of firm absorptive capacities. We also replicate our analysis considering
alternative measures of absorptive capacity. First, we use the measure of Escribano et al. (2009) and we construct it at the industry
level and at the beginning of the sample period. We do so in order to obtain additional exogeneity in the variable. Second, we consider
Escribano et al. (2009), measured at the industry level and at time t, to address the issue that absorptive capacity might vary over time.
Third, as in Cohen and Levinthal (1989, 1990), we consider firm R&D intensity.

Firms with external knowledge transfers from PROs only, and from universities only, seem very similar in all different firm
observable characteristics of Panel B. Firms with both types of external knowledge are larger, invest relatively more in innovation
activities, and are more productive than firms with only one type of provider. On average, firms without external knowledge invest less
in total and internal R&D, are smaller, less productive, less likely to be exporters and have less absorptive capacity than firms with
external knowledge and these differences are statistically different from zero in all cases.

Overall, the descriptive statistics in Table 1 suggest that firms with external knowledge from PROs only and from universities only
are very similar in terms of observable characteristics, while firms with both external knowledge from PROs and universities are very
different from firms with only one type of provider.

Fig. 1 shows the distribution of absorptive capacity for firms with external knowledge from PROs only, from universities only, from
both PROs and universities and from companies without external knowledge. It is clear from Fig. 1 that for firms with any type of
external knowledge, the three distributions largely overlap and are different from firms without external knowledge. This indicates
that firms with high levels of absorptive capacity do not select themselves into any specific type of provider. Nevertheless, to avoid that
our results are affected by extreme cases, in our robustness check section, we restrict our sample to firms in the common support of
absorptive capacity.

Table 2 presents the percentage of firms by sector, differentiating by type of technology transfer. In columns (1) and (2), we show
the ratio between the number of firms with external knowledge over the total number of firms in each sector. In column (3) we present
the total number of firms in each sector. The descriptive statistics from Table 2 indicate that firms with external knowledge transfers
from PROs only are concentrated in the agricultural and pharmaceutical sectors. Firms with external knowledge from universities only
are mainly in the pharmaceutical, agricultural, and chemical sector. This reflects the importance of external knowledge for the
pharmaceutical sector and the agricultural industry, which is an important sector of activity in the Spanish economy.

4.2. Characteristics of firms with external knowledge from PROs and universities

Before studying the effects of transfers of external knowledge from PROs and universities for firm innovation, we explore their
determinants. To do this, we estimate probit models where we regress a dummy variable indicator of whether a firm receives external
knowledge from PROs only, universities or both PROs and universities during the sample period on firm characteristics with respect to
different samples of control groups, explained below, as in Eq. (1).

Formally,

lifa+X, f+d +e >0

. , @
Oifa+X,_f+d +e <0,

External Knowledge;, = {

for s = PROs only, Universities only, Both PROs and universities

In Eq. (1), External Knowledge is a dummy variable that takes the value one if the firm receives external knowledge from PROs only
and zero otherwise, or from universities only and zero otherwise, or from both PROs and universities and zero otherwise. The vector
Xi:1 reflects pre-treatment firm characteristics that influence the likelihood to obtain external knowledge; d; denotes time dummies,
and ¢; is the error term, which we assume is normally distributed with variance af. We include, as pre-treatment characteristics, the
following variables: the natural logarithm of the number of employees, which accounts for firm size; the internal R&D intensity, which
we include in order to control for existing research capabilities of the firm; labour productivity, which we include to account for firm
efficiency; the natural logarithm of the average physical investment, which accounts for the physical assets of the firm; and being an
exporter, which accounts for exposure to foreign and highly competitive markets. We also add lagged values of product innovation.
Finally, we add geographic, industry and year dummies. In all regressions, we use cluster-robust standard errors. The results are re-
ported in Table 3, where each of the columns corresponds to different samples, explained below.

We consider six different samples. In columns (1), (4) and (5) the treatment is firms with external knowledge from PROs only. We
compare firms with external knowledge from PROs only and consider as control group: firms without external knowledge (in column
1), firms with external knowledge from universities only in column (4), and firms with external knowledge from both PROs and
universities (column 5). In columns (2) and (6), the treatment is firms with knowledge from universities only and the control groups are
firms without knowledge transfers (column 2) and firms with knowledge transfers from both PROs and universities (column 6). In
column (3) the treatment is firms with knowledge from both PROs and universities and the control group are firms without knowledge
transfers.

In column (1), we show the determinants of firms that obtain external knowledge from PROs only versus firms without transfers
(non-transfers). Before obtaining external knowledge from PROs, firms have more internal R&D and more physical investments than
firms without external knowledge. They are also more likely to be exporters and larger in terms of number of employees. We also
observe that product innovation influences the external knowledge coming from PROs. These results suggest that a firm’s globalization
exposure and its internal R&D and capital intensity are important determinants to obtain external knowledge from PROs.

In column (2) and (3), we present results for the determinants of firms that obtain external knowledge from universities only
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Fig. 1. Distribution of absorptive capacity for firms with different providers of external knowledge.

Note: We show the empirical probability density function (pdf) of absorptive capacity (measured as in Escribano et al. (2009) by the principal
component of the natural log of internal R&D, a dummy if the firm has a fully staffed R&D department, a dummy if the firm provides training for its
R&D personnel and the ratio of scientists and researchers to total employees) of firms with external knowledge from universities only, with external
knowledge from PROs only and of firms for both and firms without external knowledge.

Table 2
Number of observations and percentages by sector of activity.

Percentage of firms with respect to the number of observations in the sector Number of observations

PROs only Universities only ~ Both PROs & Universities

Sectors 1) 2 3) “@
Agriculture 4.6 % 111 % 32% 1391
Mining and extractive industries 0.5 % 7.1 % 1.7 % 5991
Food and tobacco 1.2% 7.0 % 1.6 % 7036
Textiles, printing and wood 0.6 % 21 % 0.3% 9579
Chemicals 1.4 % 9.3 % 1.8% 5454
Pharmaceuticals 4.7 % 24.6 % 9.6 % 1485
Manufacturing of non-metallic products 0.8 % 3.8% 0.7 % 6437
Manufacturing of basic metals 0.7 % 5.1 % 0.5 % 9536
Manufacturing of electrical and optimal equipment 0.8 % 7.9 % 0.5 % 10,040
Manufacturing of transport equipment 0.9 % 4.8 % 0.6 % 3215
Wholesale and retail trade 0.6 % 2.7 % 0.4 % 8328
Transport, storage and communication 0.3 % 4.2 % 0.2 % 7569
Final intermediation 0.2 % 0.7 % 0.0 % 2059
Real estate, renting and business activities 0.4 % 5.1% 0.3 % 7602
R&D services, software and technical analysis 0.3% 31 % 0.4 % 33,873
Other services 0.2 % 2.4 % 0.2 % 8825
No. observations 846 6036 912 128,420

(column 2) and for firms that obtain external knowledge from both PROs and universities (column 3), as compared to firms without
external knowledge. The results are similar in terms of significance to those in column (1), but the coefficients are on average larger.
This suggests that there are differences in the determinants of the firms that choose different providers of external knowledge. We
explore these differences in the following columns.

In column (4), we compare determinants of external knowledge from PROs only as compared to from universities only. Here, we
find some interesting empirical regularities. The estimated coefficient for number of employees is negative and significant at standard
statistical levels. This suggests that firms that obtain external knowledge from PROs are smaller than firms that obtain external
knowledge from universities. In contrast, firms that obtain external knowledge from PROs are more likely to be exporters than firms
that obtain external knowledge from universities.

Once we compare firms with external knowledge from PROs as compared to firms with respect to firms with both PROs and
universities (in column 5) and to firms with external knowledge from universities only as compared to firms with both external
knowledge from PROs and universities (in column 6), the results suggest that firms with both providers are larger and more R&D
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Table 3
Characteristics of firms that obtain external knowledge from PROs and/or Universities. Probit models.
Dependent variable: PROs only Universities only Both PROs & PROs only PROs only Universities only
External knowledge Universities
from
@ (2 3 4 5) (6)
Number of employees 0.0004* 0.0067*** 0.0025%** —0.0080%** —0.0976%** —0.0314%**
(in logs.);—1 (0.000) (0.001) (0.000) (0.003) (0.010) (0.003)
Internal R&D 0.0002%** 0.0022*** 0.0002*** 0.0002 —0.0164*** —0.0056***
intensity, 1 (0.000) (0.000) (0.000) (0.002) (0.006) (0.001)
Labour productivity —0.0001 —0.0012 0.0002 0.0007 0.0199 —0.0008
(in logs.);—1 (0.000) (0.001) (0.000) (0.005) (0.016) (0.005)
Physical investment 0.0010%*** 0.0068%** 0.0011*** 0.0009 —0.0116 —0.0060**
(in logs.);—1 (0.000) (0.001) (0.000) (0.003) (0.008) (0.002)
Exporter, ; 0.0045%** 0.0226*** 0.0011** 0.0203* 0.0696** 0.0102
(0.001) (0.002) (0.001) (0.010) (0.035) (0.011)
Product innovation,_; 0.0071%** 0.0444*** 0.0057*** 0.0138 —0.0038 —0.0228**
(0.001) (0.002) (0.001) (0.010) (0.033) (0.010)
No. observations 64,601 69,113 64,720 5970 1577 6089
Sample: PRO:s only and Universities only Both PROs & PRO:s only and PRO:s only and Both Universities only and
non-transfers and non-transfers Universities and non- Universities only PROs and Both PROs and
transfers Universities Universities

Note: All regressions include 14 industry dummies, three geographical dummies and year dummies. Explanation of variables in Table 1. We report
marginal effects at sample means. Estimated standard errors are in parentheses. * Significant at 10 %, ** significant at 5 %, *** significant at 1 %.

intensive than firms with just one type of knowledge provider. We observe that product innovation is an important determinant for
having both providers versus firms that have one provider of knowledge only. These results suggest that there are some differences
between firms that acquire external knowledge from PROs only, from universities only and from both that we need to control for to
assess the differential effects of types of public external knowledge.

4.3. Methodology

In this sub-section we examine the methodology that we use to study the relative effects of external knowledge from PROs and
universities and the moderating effect of absorptive capacity.

4.3.1. The relative effects of external knowledge from PROs and from universities

We estimate the relative effect of PROs and from universities on firm innovation in two different ways. In the first method, we
estimate the effect of external knowledge from PROs only, from universities only, from both PROs and universities and we use as a
control group firms without external knowledge as in Eq. (2):

PRO
it

Uni
it

Both
it

Yiio = a + f, External Knowledge
+ 4), + Eit,

+ B, External Knowledge;" + , External Knowledge,”" + v Absorptive Capacity; +y Xy + A;

2

where Y is product innovation output; External Knowledgef®° is a dummy variable that takes the value one if firm i has obtained
external knowledge from PROs only at time t, External Knowledge!™ is a dummy variable that takes the value one if firm i has acquired
external knowledge from universities only at time t, External Knowledget*" is a dummy variable that takes the value one if firm i has
obtained external knowledge from both PROs and universities at time t, and Absorptive Capacity; is measured as in Escribano et al.
(2009) at the beginning of our sample period. The variable product innovation is included with a two-period lead.

We study the effect on innovation up to two years after receiving external knowledge. The reason for the two-year lead is due to the
definition of the variables in the survey. Following the usual definitions in Community Innovation Surveys, in our dataset, innovation
output questions are for the current and previous two years, while innovation inputs and accounting variables are for the current
period. In the robustness section, we also provide results with a three-year lead of the dependent variable. We consider the initial level
of absorptive capacity in order not to confound the effects of external knowledge. Moreover, in the robustness check section, we also
consider alternative measures of absorptive capacity, including a time-variant measure, previously explained in Section 4.1. In Eq. (2),
Xj; are firm observable characteristics that may be correlated with both external knowledge and product innovation, J;; are sector-
specific time-fixed effects that absorb shocks in a given year common to all firms within the same industry, ¢, are time-fixed ef-
fects, and ¢; is the error term. In some regressions, we also add firm fixed effects to absorb time invariant firm characteristics. The
coefficients of interest are f§;, f, and f; that capture the effect of the technology transfer from PROs only, universities only and both
PROs and universities respectively. The coefficients are identified from time variation in external knowledge within firms, while
controlling for shocks hitting all firms in the same industry.

In the second method, we restrict our sample to firms with external knowledge transfers, as in Eq. (3). Initially, we consider as a
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treated group firms with external knowledge transfers from PROs only, and as a control group firms with external knowledge transfers
from universities only. In this way, we can directly determine differences between providers: If the estimated coefficient # in Eq. (3) is
small and not statistically significantly different from zero, it would imply that the effect of having external knowledge from PROs only
is the same at statistical levels on product innovation than the effect of having external knowledge from universities only. As explained
below in detail, in different regressions, we also estimate the differential effects of the providers of external knowledge when we
compare them separately with respect to firms without public external knowledge.

Yiio = a + f External Knowledgeﬁko -+ v Absorptive Capacity; +y Xy + Ay + ¢, + €. 3
The advantage of this second methodology is that it allows us to address the potential selection bias generated by the firms being
different before treatment using a propensity score reweighting estimator. This technique implies calculating the predicted probability
of obtaining external knowledge flows (or propensity score) in terms of observable characteristics and use the propensity scores as
weights in Eq. (3). For example, Guadalupe et al. (2012), Haucap et al. (2019), Jabbour et al. (2019), and Javorcik and Poelhekke
(2017) use propensity score matching techniques to calculate average treatment effects and control by selection. We calculate the
propensity score using a probit estimation for the probability of obtaining external knowledge flows from PROs only as a function of
the lagged natural logarithm of employment; lagged natural logarithm of sales, lagged sales growth, lagged natural logarithm of
physical investments, lagged indicator of being an exporter and previous product innovations (up to three lags), in order to control for
lagged innovation output.'”

4.3.2. The moderating effect of absorptive capacity

Since a second goal of our analysis is to investigate the relative effect of the external knowledge from PROs and universities on
innovation and how this effect is moderated by firm absorptive capacity, we extend Eq. (3) to include the interaction of firm absorptive
capacity with external knowledge as in the following equation:

PRO
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Yiii2 = a+ 0 External Knowledge,,"" xAbsorptive Capacity; + +p External Knowledge,,"” + v Absorptive Capacity; +y Xi; + A + ¢,

+ &
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In Eq. (4) the main variables of interest are the external knowledge transfer and the double interaction. The coefficient f measures
the effect of external knowledge transfers from PROs as compared to the impact of external knowledge transfers from universities, and
the coefficient # measures the moderating effect of absorptive capacity for this effect. We exploit the variation of absorptive capacities
across firms. In this way, the double interaction accounts whether the effect of external knowledge transfers for PROs is stronger in
firms with high absorptive capacity. Conceptually, § measures the difference between the changes in product innovation driven by
external knowledge transfers from PROs in a firm with high absorptive capacity versus a firm with less absorptive capacity. We
anticipate that companies with low absorptive capacities benefit relatively more from external knowledge transfers from universities
than from PROs. Therefore, we expect that > 0 and g < 0. Note that we include industry time fixed effects, which control for
industry-specific time trends, year fixed effects to absorb macroeconomic shocks and, in some specifications, we also include firm fixed
effects to control for time-invariant firm characteristics. As in Eq. (3), we use a propensity score reweighting estimator, which
essentially absorbs differences between firms’ characteristics before obtaining external knowledge. We also use this methodology to
estimate the moderating effect of absorptive capacity for each of the providers separately as compared to firms without public external
knowledge.

5. Results
5.1. Main results

In Table 4, we present the results of estimating Eq. (2) by OLS. In column (1), we show results with year fixed effects; in column (2)
we add sector-specific time effects; in column (3), we show results where we add lagged firm characteristics to control for firm
characteristics that can affect innovation. We consider firm size, labour productivity, average physical investment, being an exporter,
internal R&D and product innovation, which are variables that, as shown in Table 3, are determinants of firm external knowledge
transfers. We have defined these variables previously in Section 4.1. In column (4), we present the results with firm fixed effects. Here,
we use the “pre-sample mean scaling” method of Blundell et al. (1999) to control for fixed effects. We use the pre-sample value of the
dependent variable to proxy for unobserved heterogeneity. This methodology has been previously used by Aghion et al. (2013), Bloom
et al. (2013), Bloom et al. (2016), Galasso and Simcoe (2011) among others. In column (5), we add regional dummies and finally in

19 We estimate the propensity score separately for three main sectors of activity (high-tech, medium-tech and low-tech). The classification of
industries follows the Eurostat/OECD classification (https://www.oecd.org/sti/ind/48350231.pdf for manufactures and for services https://www.
oecd-ilibrary.org/science-and-technology/revision-of-the-high-technology-sector-and-product-classification_134337307632, accessed 04.08.2023).
We estimate the probability that a firm “is treated” in a given year. The estimated probability or propensity score can be denoted by p. The weight of
each treated firm can be calculated as 1/p, while the weight of each control firm can be calculated as 1/(1 — p). Therefore, the weights change
within firm across time.
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column (6), we include standard firm fixed effects.

The results from all columns suggest that external knowledge transfers from PROs only, universities only, and both PROs and
universities, strongly increases firm innovativeness. For example, the estimates from the most conservative specification in column (6)
suggest that external knowledge transfers from PROs only increases product innovation by 7.3 %; external knowledge transfers from
universities only increases product innovation by 7.4 %; and external knowledge transfers from both PROs and universities increases
product innovation by 4.8 %. In all regressions, the results indicate that initial absorptive capacity increases firm innovation.”’

To compare the estimated coefficients of external knowledge transfers from PROs only and from universities only, we present at the
bottom of the table the p-value test for equality of coefficients. In all cases, we cannot reject the null hypothesis that the effects are the
same between external knowledge transfers from PROs and universities; from PROs only; and from both. This suggests that, for the
average firm, external knowledge transfers from PROs increases firm innovativeness in a similar way as external knowledge obtained
from universities.

We further investigate whether there is a differential effect between providers of external knowledge using a propensity score
matching and restricting the sample to firms with either external knowledge from PROs only, or from universities only. We estimate
Eq. (3) for the reweighted sample. Before presenting the results of the estimations, we show, in Table A2 in the Appendix, the balancing
test comparing observable characteristics for the reweighted sample for the treated (firms with external knowledge transfers from
PROs only) and control group (firms with external knowledge transfers from universities only). The table indicates that, for the
reweighted group, firms that obtain external knowledge from PROs only, and from universities only, have very similar observable
characteristics before acquiring external knowledge. This indicates that our matching specification generates a well-balanced
weighted sample, which implies that control and treatment group are equivalent in their overall observable characteristics before
treatment.

In Table 5, we present the results from the propensity score reweighting estimation for different specifications, where we have
combinations of year fixed effects (all columns); sector-specific fixed effects (columns 2 to 6); control variables (column 3); firm fixed
effects with the pre-sample mean scaling method (columns 4, 5 and 6); regional dummies (column 5); and including time pre-trends in
product innovation (column 6). In all cases, the estimated coefficient for having external knowledge transfers from PROs only (versus
the control group of external knowledge from university only) is small and not significant at standard statistical levels. This corrob-
orates the previous results from Table 4 and suggests that the impact of external knowledge transfers on product innovation for the
average firm is very similar between the two types of public providers. Moreover, the effect of absorptive capacity is always positive
and statistically significant. In column (6), we show that treatment and control groups have similar trends in product innovation before
the treatment. The estimated coefficients for the pre-treatment years are small and not significantly different from zero and the rest of
the estimates have a similar coefficient and standard errors. Finally, on the bottom of the table, we show the F-test, which indicates that
we cannot reject the hypothesis that all the pre-treatment terms are jointly equal to zero.

To study the moderating role of firms’ absorptive capacities on external knowledge transfers and innovation, we estimate Eq. (4) for
the reweighted sample of firms with external knowledge transfers from either PROs only or universities only. We present the results in
Table 6 for different measures of absorptive capacity. We include year fixed effects, sector-specific fixed effects, and firm fixed effects.
In columns (1) to (3), we use absorptive capacity as in Escribano et al. (2009). In column (1), this measure is constructed at the firm
level and at the beginning of the sample period. In column (2), absorptive capacity is at the industry level and at the beginning of the
sample period, and in column (3), absorptive capacity is at the industry level and is time variant. In column (4), we measure absorptive
capacity as the natural logarithm of internal R&D over size at the firm level and at the beginning of the sample period. For
completeness, in Table A3 in the Appendix, we present the estimation of Eq. (2) using alternative measures of absorptive capacity,
without significant changes in the overall results.

In all columns of Table 6, the estimated coefficients for the effect of PROs are negative and the estimated coefficients for the
interaction term are positive. In all cases, the estimated coefficients are significant at p < 0.05. This suggests that firm absorptive
capacity has a positive moderating effect on external knowledge from PROs. As for the magnitude of these effects, for example for
column (1), a firm with absorptive capacity equal to 1.25 benefits the same from external knowledge from PROs as from external
knowledge from universities to generate innovation.”’ The average absorptive capacity in that sample is equal to 1.37 and the median
is equal to 1.31. Therefore, for a firm with average or below average absorptive capacity, the effect of external knowledge transfers
from PROs on innovation is smaller than the effect of external knowledge from universities. However, as firm absorptive capacity
increases, the relationship is reversed. Firms with external knowledge transfers from PROs have higher innovation than firms with
external knowledge transfers from universities provided they also have high levels of absorptive capacities. In Fig. 2, we present this
pattern. We plot the differential effect on product innovation of external knowledge from PROs versus universities. To do that, we
calculate predicted product innovation. We consider the estimated coefficients of column (1) and we evaluate Eq. (4) for different
percentiles of absorptive capacity.

Fig. 2 indicates that firms with very low levels of absorptive capacity (at the 1st percentile of the distribution) that obtain external
knowledge from universities only are 15 % more likely to have product innovations than firms with the same level of absorptive
capacity and with external knowledge from PROs only. When we look at the other extreme of the distribution of absorptive capacity (at
the 99th percentile), we can see that a firm with external knowledge transfers from universities are 23 % less likely to have product
innovations than firms with the same level of absorptive capacity and with external knowledge from PROs only. These numbers suggest

20 In column (6), we cannot estimate the effect of absorptive capacity given that the effect is captured through the firm fixed effect dummies.
21 This number is the threshold absorptive capacity and it is calculated as 0.060,/0.048.
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Table 4
Estimated effect of external knowledge from PROs and universities on product innovation.
@D (2 3 @ (©)] ©)
PROs only (0/1) 0.151%** 0.108%** 0.106%** 0.109*** 0.073***
(0.024) (0.019) (0.019) (0.019) (0.016)
Universities only (0/1) 0.155%** 0.094%** 0.093*** 0.096*** 0.074%**
(0.011) (0.009) (0.009) (0.009)
Both PROs & Universities (0/1) 0.186*** 0.085%** 0.086*** 0.048**
(0.026) (0.025) (0.021) (0.021) (0.021) (0.020)
Absorptive capacity 0.116%** 0.102%** 0.062%** 0.055%** 0.046%**
(0.003) (0.003) (0.003) (0.003) (0.003)
No. observations 78,222 77,558 48,131 48,131 48,131 77,842
p-value equal coefficients
PROs only vs. Universities only 0.8831 0.9413 0.5046 0.5017 0.5368 0.9577
PROs only vs. Both 0.2851 0.1477 0.3979 0.3969 0.3832 0.2501
Year FEs Yes Yes Yes Yes Yes Yes
Sector specific time FEs No Yes Yes Yes Yes Yes
Control variables No No Yes Yes Yes No
Firm FEs (pre-sample mean scaling) No No No Yes Yes No
Firm FEs No No No No No Yes
Regional dummies No No No No Yes No

Note: Explanation of variables in Table 1. The symbol (0/1) means dummy variable. The standard errors are presented in parentheses and are
clustered at the firm-level. We report the p-value corresponding to the null hypothesis that the effects of only PRO and only university are the same, as
well as the hypothesis that PROs only and both PROs and universities are the same. *** ** * indicate a 1 %, 5 %, and 10 % significance level,
respectively.

Table 5
Differential effect of external knowledge from PROs and external knowledge from universities. Reweighted sample.
@ (2 3 “ [©)] (6)
PROs only (0/1) 0.003 0.004 0.026 0.007 0.007 0.008
(0.025) (0.022) (0.022) (0.020) (0.020) (0.024)
Absorptive capacity 0.056%** 0.060%** 0.027%** 0.039%** 0.038*** 0.029**
(0.010) (0.011) (0.009) (0.011) (0.011) (0.012)
PROs only (0/1) [-1] —0.059
(0.038)
PROs only (0/1) [—2] —0.001
(0.041)
PROs only (0/1) [-3] 0.054
(0.045)
PROs only (0/1) [—4] 0.003
(0.069)
PROs only (0/1) [-5] —0.025
(0.054)
No. observations 4951 4916 4243 4916 4916 3487
Pre-trends F-statistics 0.81
p-value 0.542
Year FEs Yes Yes Yes Yes Yes Yes
Sector specific time FEs No Yes Yes Yes Yes Yes
Control variables No No Yes No No No
Regional dummies No No No No Yes No
Firm FEs (pre-sample mean scaling) No No No Yes Yes Yes

Note: Explanation of variables in Table 1. Table 5 includes the reweighted sample of firms with external knowledge from PROs only and firms with
external knowledge from universities only. The symbol (0/1) means dummy variable. The F statistic tests whether all estimated coefficients before

treatment are jointly zero. The standard errors are presented in parentheses and are clustered at the firm-level. ***, ** *indicate a 1 %, 5 %, and 10 %
significance level, respectively.

that there is some asymmetry in the extent of the moderating role of absorptive capacity.
5.2. Robustness checks

We perform several robustness checks to the baseline results. In these robustness checks, we compare the effect of each type of
provider of external knowledge separately to firms not acquiring external knowledge, and we determine the moderating effect of
absorptive capacity. We control for heterogeneity in treatment timing by presenting results by cohort and by using a dynamic model;
for treatment intensity; for pre-innovation output; and for persistence of treatment. We perform a placebo test by randomly assigning

treatment to non-treated firms; we eliminate extreme values of absorptive capacity by estimating within the common support of
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Table 6
Moderating role of absorptive capacity PROs only versus universities only. Reweighted sample.

@ @ 3 ]

Absorptive capacity as in Escribano et al. (2009)

At the firm level and beginning of the sample period
PROs only (0/1) —0.060*

(0.034)
PROs only (0/1) x Absorptive capacity 0.048%**
(0.017)

No. observations 4916

At the industry level and beginning of sample period
PROs only (0/1) —0.067*

(0.036)
PROs only (0/1) x Absorptive capacity 2 0.063%**
(0.024)

No. observations 4916

At the industry level and time variant
PROs only (0/1) —0.061%*

(0.030)
PROs only (0/1) x Absorptive capacity3 0.094***
(0.024)

No. observations 4916
Absorptive capacity as internal R&D over sales

At the firm level and beginning of sample period
PROs only (0/1) —0.322%*

(0.134)
PROs only (0/1) x Absorptive capacityl 0.039%**
(0.015)

No. observations 4492

Note: Explanation of variables in Table 1. Table 6 includes the reweighted sample of firms with external knowledge from PROs only and firms with
external knowledge from universities only. The symbol (0/1) means dummy variable. The standard errors are presented in parentheses and are
clustered at the firm-level. Columns (1), (2) and (4) include industry times year dummies, year and firm fixed effects. Column (3) includes industry
dummies, year and firm fixed effects. All regressions include industry times year dummies, year and firm fixed effects. ***, **, * indicate a 1 %, 5 %,
and 10 % significance level, respectively.
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Percentiles of absorptive capacity

Fig. 2. Differential effect on product innovation of PROs only vs. universities only by firm absorptive capacity.

absorptive capacity and only for firms with positive internal R&D; and, finally, we tackle the issue of external validity by estimating the
differential effect on innovation of external knowledge from foreign PROs and foreign universities.

5.2.1. Comparing separately the effect of each type of public provider vs. firms without transfers of technology

In this section, we estimate separately the effect on innovation of each type of treatment (PROs only, universities only and both
PROs and universities) as compared to firms without transfers of technology. For each estimation, we use a different propensity score
matching to control for the potential selection bias of each of the treatments, in order to guaranty the balancing properties, in the
propensity score matching procedure, we include the initial value of the dependent variable as an additional control.

We present the results from the propensity score reweighting estimation in Table 7. In column (1), we estimate the effects of PROs
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Sample (reweighted)

PROs only vs. non-
transfers

Universities only vs. non-
transfers

Both PROs & Universities vs. non-
transfers

PROs only vs. non-
transfers

Universities only vs. non-
transfers

Table 7
Differential effect of different provided of external knowledge with respect to firms without external knowledge. Reweighted samples.
@™ ) 3) @ ) (6)
PROs only (0/1) 0.100%** 0.156%***
(0.037) (0.052)
Universities only (0/1) 0.126%** 0.099%**
(0.018) (0.030)
Both PROs & Universities 0.185%*** 0.191%**
0/1) (0.062) (0.083)
Treatment (0/1) [—1] —0.092 0.038 —0.110
(0.116) (0.034) (0.150)
Treatment (0/1) [—2] 0.100 0.030 0.033
(0.074) (0.041) (0.106)
Treatment (0/1) [—3] —0.035 —0.014 0.100
(0.079) (0.036) (0.172)
Treatment (0/1) [—4] 0.048 0.053 —0.049
(0.096) (0.033) (0.170)
Treatment (0/1) [-5] -0.127 —0.006 —0.196
(0.132) (0.039) (0.156)
Absorptive capacity 0.095%** 0.043*** 0.044 0.065%** 0.044%** 0.032
(0.015) (0.008) (0.027) (0.019) (0.010) (0.028)
No. observations 34,070 36,644 41,777 18,851 20,253 26,429
Pre-trends F-stat 0.87 1.46 0.79
p-value 0.498 0.198 0.556
Year FEs Yes Yes Yes Yes Yes Yes
Sector specific time FEs Yes Yes Yes Yes Yes Yes

Both PROs & Universities vs. non-
transfers

Note: Explanation of variables in Table 1. Table 7 includes the reweighted sample of firms. The symbol (0/1) means dummy variable. The F statistic tests whether all estimated coefficients before treatment

are jointly zero. The standard errors are presented in parentheses and are clustered at the firm-level. ***, ** * indicate a 1 %, 5 %, and 10 % significance level, respectively.
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Table 8
Moderating role of absorptive capacity for different provided of external knowledge with respect to firms without external knowledge. Reweighted
samples.

@™ 2) ®3)
Sample: PROs only vs. none
PROs only (0/1) 0.076*
(0.044)
PROs only (0/1) x Absorptive capacity 0.040*
(0.023)
No. observations 34,065
Sample: Universities only vs. none
Universities only (0/1) 0.168***
(0.023)
Universities only (0/1) x Absorptive capacity —0.058%**
(0.014)
No. observations 36,644
Sample: Both PROs and universities vs. none
Both PROs and universities (0/1) 0.270*
(0.071)
Both PROs and universities (0/1) x Absorptive capacity —0.114%**
(0.044)
No. observations 41,777

Note: Explanation of variables in Table 1. Table 8 includes the reweighted sample of firms. The symbol (0/1) means dummy variable. The standard
errors are presented in parentheses and are clustered at the firm-level. All regressions include industry times year dummies, year and firm fixed
effects. ***, ** * indicate a 1 %, 5 %, and 10 % significance level, respectively.

only versus non-transfers. In column (2), we compare universities only versus non-transfers. In column (3), we show both PROs and
universities versus non-transfers. In columns (4) to (6), we include the time pre-trends in product innovation for all the different cases.
In all cases, the effects of the different providers of external knowledge are positive and significantly different from zero. The estimated
coefficients are in line with these previously estimated in Table 4. The estimations in columns (4) to (6) indicate that there is no
differential trend between the treatment and control groups, which supports the causality of the positive impact of the different types
of external knowledge on innovation. The F-test at the bottom of the table also indicates that we cannot reject the hypothesis that all
the pre-treatment terms are jointly equal to zero.

Next, in Table 8, we assess the moderating effect of absorptive capacity of each treatment with respect to firms without external
knowledge. As in the previous table, in column (1), we present the effects of PROs only, in column (2) of universities only, and in
column (3) of both PROs and universities. In all cases, the estimated direct effect of the treatment is positive and significantly different
from zero. In column (1), the interaction effect for PROs only is positive. This suggests that firms with higher absorptive capacity profit
relatively more from the external knowledge coming from PROs than from firms with low absorptive capacity. This is consistent with
our previous results and suggests that to fully benefit from the knowledge from PROs, companies need to have a certain degree of
internal knowledge capabilities. In columns (2) and (3), the coefficients of the interaction term for universities only or for both PROs
and universities is negative, which suggests that the external knowledge transfer from universities is relatively more beneficial for
firms with low levels of absorptive capacity than to firms with high levels of absorptive capacity.

5.2.2. Heterogeneity in the treatment timing: results by cohort and a dynamic model

To check the robustness of the previous evidence, we consider variations in the timing of treatment. First, we estimate differences
between cohorts of treatment and, second, we estimate a dynamic model using an event-study specification. Our sample period in-
cludes data from 2005 to 2014. A potential concern about the baseline specification is that the estimates might change over time and
thus that they may differ across time. For example, our sample period includes a non-recession period (from 2005 to 2007) and the
global financial crisis and the Great Recession of the late 2000s (which in Spain lasted from 2008 to 2013). It is possible that, during the
recession period, severe financial constraints might have affected the way universities and PROs transfer their knowledge. Moreover,
the recent literature in staggered treatments have shown that under time-varying treatment effects, two-way fixed effects might not be
robust to OLS estimation due to the potential negative weights if earlier-treated groups are used as controls in the estimations (Sun and
Abraham, 2021; Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021).

To assess potential bias due to time heterogeneity of our treatments, we follow Wooldridge (2021) and estimate the effect of
external knowledge transfers, distinguishing by different cohorts of treatment. The Wooldridge (2021) approach proposes a set of
saturated interaction effects by adding cohort/year interactions to overcome the potential bias problem of the two-way fixed effects in
difference-in-differences designs. This methodology allows the consistent estimations of ATTs without abandon simple regression
approaches. We define different cohorts of treatment at the time of the first treatment and the comparison group are never treated
units.?” We consider three sets of regressions, which we estimate separately corresponding to the three possible cases. The treatment
dummies in the first regression indicate when a firm obtained external knowledge for the first time from PROs only; in the second

22 We implement the difference-in-difference (DID) estimator proposed by Wooldridge (2021) using the command jwdid in Stata.
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Fig. 3. Dynamic effect.

regression from universities only; and in the third regression from both PROs and universities. Each cohort is interacted with each time
specific effects. The effects are aggregated to obtain the average treatment effect, the cohort effects, and the dynamic effect.

We show our results from the cohort effect in Table A4 in the Appendix, and we present the average treatment effect at the bottom
of the table. The results in Table A4 indicate that the large majority of the estimated coefficients for all the different cohorts of external
knowledge from universities only, from PROs only or form both are positive. On average the coefficients are estimated with less
precision than in previous estimations. The estimated average effects are positive and significant in all cases and of similar magnitude
than in the previous specifications.

Next, in Table A5, we present the dynamic effect results where we show the number of years after and before firms obtained for the
first-time external knowledge from public providers (denoted as zero). We do not find evidence for a pre-trend on innovation before
obtaining external knowledge. The effects on innovation are positive and significantly different from zero after the treatment. For
example, product innovation increases by 12.3 % in the year of obtaining external knowledge from PROs only and by 13.1 % the year
after, while the increases of innovation for firms that obtained external knowledge from universities is equal to 7.9 % on the year of the
first treatment. The dynamic effects for external knowledge from both PROs and universities are positive and significantly different
from zero and they materialized four years after the treatment. These findings are consistent with the idea that while the average
treatment effects are very similar between PROs and universities, the effect from universities might be slightly more persistent over
time than the effect from PROs. We present these results graphically in Fig. 3.

5.2.3. Intensity of external knowledge

We explore the effect of the intensity of the external knowledge. In the survey, companies report the expenditure of the acquisition
of external knowledge by type of provider. With this information, we construct the ratio of the expenditures of external knowledge
from PROs and from universities over the internal R&D expenditures. We replicate the estimation of Eqgs. (2)—(4) using these variables
instead of the dummy variables acquiring external knowledge from PROs only and from universities only. We present the results from
the estimations in Panel A of Table A6. The estimated coefficients are precisely estimated and corroborate previous findings: the effects
on product innovation of the external knowledge from PROs is very similar to the effect of acquiring external knowledge from uni-
versities and from the effect from both PROs and universities for the average firm. However, firms with high levels of absorptive
capacities benefit relatively more from external knowledge from PROs than from universities. Furthermore, the opposite pattern
happens for firms with low absorptive capacity.

5.2.4. Controlling for the persistence of innovation output

A possible concern is that our estimations do not control for the persistence of innovation output. Although when we construct our
reweighted sample, we include lagged innovation output variables and, therefore, we control for the innovation status before the
treatment, in the next robustness check, we explicitly include innovation output variables as control variables. We present the results
from these estimations in Panel B of Table A6. The key messages remain unchanged and confirm our previous results.

5.2.5. Controlling for persistence of treatment and longer lead of the dependent variable

In the next set of robustness checks, we control for the potential persistence of the treatment (acquired external knowledge). It is
possible that some treated firms received the treatment over several years. To address potential concerns regarding the effect of
previous external knowledge transfers, we estimate Eqs. (2)-(4) including controls for having received external knowledge from any
provider in the previous year and two years before. We show results from these estimations in Panel C of Table A6. The results are,
again, consistent with the idea that both external knowledge transfers from PROs and universities increase innovation and that
absorptive capacities play a fundamental moderating role for product innovation. Furthermore, in Panel D of Table A6, we modify our
dependent variable and consider three leads in the innovation output variable. Again, the results corroborate previous estimations.

5.2.6. Placebo test: random assignment of treatment
To further assess the robustness of the results, we estimate a placebo regression where, within the sample of firms without external
knowledge, we randomly assign the treatment status to half the sample and the control status to the other half.?> We present these

2 The placebo treatment should be understood as companies receiving knowledge either from universities or from PROs.
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results in Table A7. The results from these placebo regressions are very different from previous estimations. Using a propensity score
reweighting estimator, in column (1) we find no significant difference between the randomly assigned treatment and the control group
in terms of the probability of introducing a product innovation. This result suggests that our baseline results are not biased due to some
unobservable confounders. In column (2), we introduce the interaction between the placebo treatment and absorptive capacity.
Differently from our results, the estimated coefficient for the interaction term is not significant, meaning that when the treatment is
randomly assigned, the moderating effects of absorptive capacity do not arise. Interestingly, in columns (1) and (2) the absorptive
capacity variable continues to be significant, confirming our previous results on the importance of internal knowledge in improving
innovation performance.

5.2.7. Firms within common support of absorptive capacity and with positive R&D

In this section, we drop observations that are extreme outliers. First, we drop firms that are not in the common support of absorptive
capacity. Second, we drop firms without positive R&D expenditures. As we have shown in Fig. 1, firms with external knowledge from
PROs have a slightly more skewed distribution of absorptive capacity than firms with external knowledge transfers from universities.
To avoid our results being biased by a potential confound between absorptive capacity and external knowledge transfers, we estimate
our regressions for firms in the common support of absorptive capacity. Next, we limit the sample to firms with positive R&D ex-
penditures. We show the results in Panels A and B of Table A8. The estimated results confirm the positive effect of external knowledge
transfers from PROs and universities, the indistinguishable effect for the average firm, and the moderating role of the absorptive
capacity.

5.2.8. Generalisability of the results

A potential concern is that the results we find are due to the specific institutional framework of Spain and that, consequently, the
findings might be different for non-Spanish PROs or universities. Here, we assess the external validity of our results. In the survey, firms
report whether they obtain public external knowledge from non-Spanish PROs or universities. We construct a dummy variable that
takes the value one if a firm obtains external knowledge from non-Spanish PROs only and zero otherwise (denoted as foreign PROs
only), and a dummy variable that takes the value one if a firm reports obtaining external knowledge from non-Spanish universities only
and zero otherwise (denoted as foreign universities only). We drop firms with external knowledge from either Spanish PROs or Spanish
universities from the sample. Note that we do not have enough observations to study the case of firms that obtain external knowledge
from both foreign PROs and foreign universities.>* In column (1) of Table A9, we show the results for the effects of foreign PROs and
foreign universities on product innovation. The results indicate that both foreign PROs and foreign universities increase innovation.
The p-value indicates that we cannot reject the hypothesis of equality of coefficients, which suggests that the effects are similar at
standard statistical levels. Next, we construct a reweighted sample of firms with external knowledge transfers from foreign PROs and
foreign universities and we report the balancing test in Table A10. In columns (2) and (3), we report the results for the reweighted
sample of firms. The results suggest, again, that for the average firm the effects from external knowledge from foreign PROs and foreign
universities on product innovation are very similar and that firms with low levels of absorptive capacity benefit relatively more from
foreign universities than from foreign PROs, while we observe the opposite pattern for firms with high levels of absorptive capacity.

To conclude, the analysis in this section suggests that, after comparing the effect of each type of provider of technology separately
with respect to firms without transfers of technology, controlling for heterogeneity in treatment timing, treatment intensity, pre-
innovation output, persistence of treatment, performing a placebo test, dropping outliers, and assessing external validity, there is
evidence that public external knowledge from PROs and universities increases innovation. The effect between PROs and universities is
very similar for the average firm. We find, again, evidence that for firms with low levels of absorptive capacity, external knowledge
from universities increases firm innovation more than external knowledge from PROs, although this differential effect declines as
absorptive capacities increase.

5.2.9. Spillover effects

A possible concern is that there are spillover effects from firms that obtain external knowledge from public providers to firms
without public external knowledge. In that case, there might be a bias in our estimations. In this section, we study the possibility of
spillover effects. As in Griliches (1992), we assume that spillovers are regional and industry concentrated. We construct different
clusters of regions and industries where there is a high concentration of firms with external knowledge transfers from PROs only, from
universities only, and from both PROs and universities. Then we estimate the difference in product innovation for firms without any
type of public external knowledge that are located in clusters with high concentration of firms with public external knowledge, versus
firms without any type of public external knowledge that are located in clusters with low concentration of firms with public external
knowledge. In our analysis, we establish 32 industry-region clusters, and we consider clusters with high concentration of public
external knowledge as those clusters with external knowledge above the 90th percentile of the distribution of public external
knowledge.

We present our estimations in Table A11. In column (1), we show results for the whole sample, (with the exception of firms that
obtain external knowledge from public providers). We find a positive and statistically significant spillover effect from universities only
and from both PROs and universities. The spillover effects from PROs only are positive but the estimated coefficient is very small and

24 There is only one observation in our sample of firms with external knowledge from both foreign universities and foreign PROs and without
external knowledge from domestic PROs or universities.
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Table 9
Effect of external knowledge from PROs and universities on other firms’ outputs.
Dependent variable: % Products new to the market Quality improvements Process innovation Sales Patents
Panel A (1a) (2a) (3a) (4a) (5a)
PROs only (0/1) 0.139%** 0.132%** 0.077%** 0.103*** 0.004
(0.049) (0.027) (0.024) (0.039) (0.003)
Universities only (0/1) 0.125%** 0.110%** 0.047%*** 0.076%*** 0.005%***
(0.023) (0.013) (0.011) (0.020) (0.002)
Both PROs & Universities (0/1) 0.177%*** 0.084%** 0.026 0.101** 0.009**
(0.054) (0.029) (0.025) (0.042) (0.003)
No. observations 48,131 46,321 48,131 40,998 41,045
p-value equal coefficients
PROs only vs. Universities only 0.7842 0.4619 0.2420 0.5052 0.8037
PROs only vs. Both 0.5760 0.2079 0.1292 0.9691 0.3179
Panel B (1b) (2b) (3b) (4b) (5b)
PROs only (0/1) 0.001 0.000 0.034 0.028 0.001
(0.048) (0.027) (0.024) (0.055) (0.003)
No. observations 4916 4726 4916 4372 4409
Panel C (1c) (2¢) (3o (40) (5¢)
PROs only (0/1) —0.156** —0.082* 0.033 —0.139* —0.008**
(0.069) (0.042) (0.037) (0.083) (0.004)
PROs only (0/1) x Absorptive capacity 0.062%** 0.058*** 0.001 0.114* 0.007*
(0.020) (0.021) (0.021) (0.063) (0.004)
No. observations 4916 4726 4916 4372 4409

Note: Explanation of variables in Table 1. Panels B and C include the reweighted sample of firms with external knowledge from PROs only and firms
with external knowledge from universities only. The symbol (0/1) means dummy variable. The standard errors are presented in parentheses and are
clustered at the firm-level. All regressions include industry times year dummies, year and firm fixed effects. In Panel A, we also report the p-value
corresponding to the null hypothesis that the effects of only PRO and only university are the same and the effects of PROs only and both PROs and

university are the same. ***, ** * indicate a 1 %, 5 %, and 10 % significance level, respectively.

not statistically significantly different from zero. Since the spillovers are positive, our results suggests that our previous estimates might
be a lower bound of the effect of the public external knowledge transfers. The t-test of equality of coefficients at the bottom of the table
suggests that there are differences in the extent of the spillovers. In columns (2) and (3), we explore this difference of coefficients, and
we restrict the sample to firms without external knowledge from public providers that are located in clusters with a high concentration
of external knowledge transfers from either PROs only or from universities only. The results indicate that universities create a 5.7 %
higher spillover than PROs. In column (3), we estimate this difference for a reweighted sample of firms. The results corroborate the
previous findings that spillover effects from universities are higher than spillovers from PROs.

5.3. Effect of external knowledge from PROs and/or from universities on other firms’ outputs

The previous sections show a positive effect of external knowledge from PROs and universities on firms’ innovation and the
moderating role of absorptive capacities. In this section, we consider other firm outputs that can also be influenced by external
knowledge.

We present these results in Table 9. We estimate Eq. (2) in Panel A. In panel B, we show our results for the estimation of Eq. (3), and
finally in Panel C, we estimate Eq. (4). We present the effect of external knowledge transfers from PROs and universities on percentage
of products that are new to the market (column 1); quality improvements of the products measured in the survey as the innovations
having an important effect on improving the quality of the products (column 2); process innovation (column 3); sales (column 4); and
patents (column 5). In all the different columns of Panel A, the estimated coefficients of both external knowledge from PROs and
universities are positive and of similar magnitude. However, the estimated coefficient for the effect of external knowledge transfers
from PROs on patents is estimated with low precision. Similar to previous regressions, we cannot reject the hypothesis of equality of
coefficients. This is corroborated by the estimated results in panel B for the reweighted sample of firms with public external knowledge
transfers. Regarding the moderating effect of absorptive capacity, in all columns, the estimated coefficient for external knowledge
transfers from PROs is negative and the interaction term with absorptive capacity is positive. For all cases, these effects are significant
at standard statistical levels, with the exception of process innovation, where we do estimate the effects with precision. The results
suggest that firms with low levels of absorptive capacity that obtain external knowledge from universities increase the percentage of
products new to the market, the quality of their products innovation and their patents and also their sales more than firms that obtain
their external knowledge from PROs. However, this effect declines with the firm’s absorptive capacities.
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6. Summary and concluding remarks

Some of the main technological innovations of the last century have emerged thanks to the fundamental role of the public sector in
the production and transmission of knowledge (Link et al., 2021; Mazzucato, 2011). As Bozeman (2000) argues “universities and
government laboratories make, industry takes” (p. 633). In this paper, we study the effect of external knowledge on firm innova-
tiveness from the two main organizations that receive large amounts of public funds: PROs and universities. Our results suggest that
external knowledge transfers from these organizations increase firm innovativeness, highlighting the relevance of public funds for
promoting private innovation activities. We find that external knowledge transfers from PROs increase firm product innovation by 7.3
%, and external knowledge transfers from universities by 7.4 %. We then take one step further and compare the importance of external
knowledge from PROs and universities on firms’ innovativeness. In this case, we do not find any significant difference at standard
statistical levels.

Although these findings suggest that external knowledge transfers from PROs increase firm innovativeness in a similar way to
external knowledge transfers from universities, we posit that firm absorptive capacity may play an important role in the relative effect
of PROs versus universities. The rationale behind the consideration of the moderating effects of absorptive capacity stems from the fact
that firms, to fully exploit external knowledge flows, should maintain a minimal level of in-house technological capacity (Veugelers,
1997; Paoli and Prencipe, 1999) that will enable them to “recognize the value of new, external information, assimilate it, and apply it
to commercial ends” (Cohen and Levinthal, 1990, p. 128). Once we include the interaction of firm absorptive capacity with external
knowledge, we find that, for a firm with a low level of absorptive capacity, external knowledge from universities increases firm
innovativeness more than external knowledge from PROs. However, as absorptive capacity increases, the differential effect declines.
Indeed, firms with high levels of absorptive capacities benefit relatively more from external knowledge transfers from PROs than that
from universities.

Our study contributes to the open innovation literature (Chesbrough, 2003) and the role played by public research centres to
generate and disseminate their knowledge (Anon, 2016; Vega-Jurado et al., 2017; Garcia-Vega and Vicente-Chirivella, 2020; Link
et al., 2019, 2021; Robin and Schubert, 2013). We add to this strand of literature the first evidence on the comparative importance of
external knowledge transfers from PROs and universities on firms’ innovativeness, which is important for firms to design their optimal
R&D strategies. We also contribute to this literature by showing the increasing importance of absorptive capacity to use and absorb the
external scientific public knowledge (Arora et al., 2016, 2018). Our contribution consists of disentangling the different impact of
absorptive capacity depending on the external knowledge public provider.

All in all, the empirical analysis carried out in this study has important policy implications for policy makers and managers. Our
results suggest that economic policies that encourage, facilitate and fund research projects between firms and publicly funded research
centres are beneficial for the innovativeness of the private sector. Moreover, our results emphasize the interdependence between
absorptive capacities and external knowledge from PROs. Therefore, public policies to finance PROs’ external knowledge transfers
might simultaneously consider R&D policy instruments to influence R&D firm capabilities. From the companies’ side, firms’ managers
might design their internal R&D strategies considering the differences between the public providers of knowledge. Given that the
knowledge transfers from public providers are sometimes persistent relationships, the effects can be long-term.

Our study provides relevant insights into the design of efficient innovation policies and strategy advice. However, we would like to
point out some caveats and limitations of our study that we believe merit future research. First, there is some heterogeneity across
universities and PROs in terms of their research intensity and management of R&D. Therefore, it is important to explore this variability
to understand the specific characteristics of the organizations that lead to an increase in firm innovativeness. Second, “science parks”
(special areas devoted to scientific and development research) are another important agent within the national and regional R&D
system. The impact of science parks on firm innovation is beyond the scope of our study, but we think it is an important channel for
external knowledge transfers, because of the potential knowledge spillovers due to agglomeration effects. Finally, our measure of
external knowledge transfers comprises R&D industry contracts. However, PROs and universities might have other ways of trans-
ferring knowledge such as licensing technologies or through spin-offs. The analysis of the effects of other types of external knowledge
between PROs and universities and the private sector is an important avenue for future research.
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Appendix A

Table Ala
Difference of means of external knowledge volumes.

External knowledge for firms from PROs only vs. for firms with external knowledge from universities only 1.817
(1.424)
External knowledge from firms with both PROs & universities: Knowledge from PROs vs. Knowledge from universities -1.977*
(1.140)
Table Alb

Differences of means for the main variables.

PROs only vs. PROs only vs. Both  Universities only vs. PROs only Universities Both PROs and
universities only =~ PROs and Both PROs and vs. none only vs. none universities vs.
universities universities none
@™ ) (€] ) 6) @
Product innovation (0/1) —0.005 —0.044** —0.039** —0.295%** —0.301%** —0.339%**
(0.016) (0.020) (0.015) (0.017) (0.007) (0.017)
Innovation investment (in logs.) 0.083 —0.332%** —0.415%** —0.579%** —0.495%** —0.910%**
(0.070) (0.087) (0.065) (0.071) (0.027) (0.066)
Physical investment (in logs.) 0.047%** 0.006 —0.042%** —0.338%** —0.291%*** —0.332%**
(0.016) (0.019) (0.015) (0.017) (0.007) (0.017)
Exporter (0/1) 0.140%** —0.265%** —0.405%*** —0.313%** —0.173*** —0.578%**
(0.041) (0.053) (0.041) (0.038) (0.015) (0.037)
Labour productivity (in logs.) —-0.039 —0.971%** —0.932%** d —0.259%** —1.191%**
(0.059) (0.078) (0.058) (0.060) (0.023) (0.057)
Number of employees (in logs.) —0.139 —0.617*** —0.479%** —0.841%*** —0.979%** —1.458%**
(0.105) (0.173) (0.112) (0.091) (0.035) (0.089)
Internal R&D intensity 0.018 —0.091 —0.109%** —1.138%*** —1.120%** —1.229%**
(0.047) (0.056) (0.045) (0.052) (0.020) (0.049)
Absorptive capacity —0.005 —0.044 —0.039** —0.295%*** * ok

(0.016) (0.020) (0.015) (0.017)

Table A2
Covariate means for the weighted sample.

Mean

Treated Control p> |t

firms with external knowledge from PROs only firms with external knowledge from universities only
Product innovation,_1 0.761 0.760 0.954
Product innovation, 0.757 0.756 0.968
Product innovation, 3 0.752 0.747 0.831
Ln(size);1 4.291 4.386 0.142
Ln(sales);—1 16.255 16.238 0.850
Sales growth, 0.074 0.068 0.798
Ln(physical investment),_; 8.559 8.498 0.403
Being an exporter; ; 0.755 0.759 0.805

Note: For exact definitions and sources of all variables see Table 1 and main text. This table presents mean values of the variables used for the matching
procedure. The t-test indicates the balancing of the variables.
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Table A3
Alternative measures of absorptive capacity.

@ @ 3

Escribano et al. (2009)
At the industry level and beginning of sample period
PROs only (0/1) 0.092%**
(0.020)
Universities only (0/1) 0.073%**
(0.009)
Both PROs & Universities (0/1) 0.049**
(0.021)
No. observations 31,749
p-value equal coefficients
PROs only vs. Universities only 0.3553
PROs only vs. Both 0.1044
At the industry level and time-variant
PROs only (0/1) 0.129%**
(0.019)
Universities only (0/1) 0.112%**
(0.009)
Both PROs & Universities (0/1) 0.110%**
(0.020)
No. observations 48,131
p-value equal coefficients
PROs only vs. Universities only 0.3891
PROs only vs. Both 0.4554
Internal R&D over sales
PROs only (0/1) 0.125%**
(0.019)
Universities only (0/1) 0.105%**
(0.009)
Both PROs & Universities (0/1) 0.101%**
(0.021)
No. observations 48,131
p-value equal coefficients
PROs only vs. Universities only 0.3415
PROs only vs. Both 0.3617

Note: Explanation of variables in Table 1. This table includes the sample of firms with external knowledge from
PROs only, firms with external knowledge from universities only, and firms without external knowledge (non-
transfers). The symbol (0/1) means dummy variable. The standard errors are presented in parentheses and are
clustered at the firm-level. Columns (1) and (3) include industry times year dummies, year and firm fixed effects.
Column (2) include industry dummies, year and firm fixed effects. We also report the p-value corresponding to the
null hypothesis that the effects of PRO only and university only are the same, as well as the hypothesis that PROs
only and both PROs and universities are the same. ***, ** * jndicate a 1 %, 5 %, and 10 % significance level,
respectively.

Table A4
Estimated effects by cohort.

PROs only (0/1) Universities only (0/1) Both PROs & Universities (0/1)
Cohort for the year 2007 0.089 0.046 —0.131**
(0.106) (0.081) (0.050)
Cohort for the year 2008 0.036 -0.017 0.003
(0.105) (0.061) (0.082)
Cohort for the year 2009 0.113 0.200** 0.075
(0.080) (0.074) (0.072)
Cohort for the year 2010 0.131* 0.155%* 0.185%*
(0.071) (0.062) (0.078)
Cohort for the year 2011 0.157* 0.043 0.135%*
(0.083) (0.059) (0.058)
Cohort for the year 2012 0.051 0.075 0.043
(0.067) (0.075) (0.066)
Average effect 0.103** 0.093** 0.098*
(0.051) (0.039) (0.049)

Note: Explanation of variables in Table 1. The standard errors are presented in parentheses and are clustered at the firm-level. ***, ** * indicatea 1
%, 5 %, and 10 % significance level, respectively.
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Table A5
Dynamic model.

International Journal of Industrial Organization 93 (2024) 103056

Time elapsed since first treatment

PROs only (0/1)

Universities only (0/1)

Both PROs & Universities (0/1)

[-5]

[-4]

[-2]

[0]

[1]

[2]

[3]

[4]

[5]

0.125
(0.093)
0.063
(0.085)
0.011
(0.061)
0.029
(0.043)
0.123*
(0.070)
0.131%**
(0.063)
0.084
(0.066)
0.059
(0.073)
0.074
(0.128)
—0.058
(0.304)

—0.034
(0.084)
—0.024
(0.084)
0.031
(0.082)
—0.022
(0.047)
0.079*
(0.045)
0.024
(0.050)
0.102

(0.069)
0.220%***
(0.059)
0.183*
(0.099)

-0.111
(0.077)
0.066
(0.087)
—0.111**
(0.056)
0.005
(0.042)
0.091
(0.077)
0.034
(0.050)
0.091
(0.078)
0.192%**
(0.072)
0.251%***
(0.095)
0.033
(0.130)

Note: Explanation of variables in Table 1. ***  ** * indicate a 1 %, 5 %, and 10 % significance level, respectively.

Table A6
Additional robustness checks.

Panel A: Treatment intensity (1a) (2a) (3a)
PROs expenditures intensity 0.001 *** —0.000 —0.0009%*
(0.000) (0.000) (0.000)
University expenditures intensity 0.001***
(0.000)
Both PROs & Universities intensity 0.001***
(0.000)
PROs expenditures intensity x Absorptive capacity 0.0005%*
(0.000)
No. observations 48,131 4916 4916
p-value equal coefficients
PROs only vs. Universities only 0.9346
PROs only vs. Both 0.5161
Panel B: Controlling by pre-innovation output (1b) (2b) (3b)
PROs only (0/1) 0.086*** 0.014 —0.048*
(0.016) (0.018) (0.029)
Universities only (0/1) 0.067***
(0.008)
Both PROs & Universities (0/1) 0.060%**
(0.018)
PROs only (0/1) x Absorptive capacity 0.004***
(0.001)
No. observations 48,131 4916 4916
p-value equal coefficients
PROs only vs. Universities only 0.2909
PROs only vs. Both 0.2495
Panel C: Controlling for previous techno transfers (1c) (20) (30)
PROs only (0/1) 0.091 *** —0.008 —0.079**
(0.021) (0.024) (0.035)
Universities only (0/1) 0.091%**
(0.009)
Both PROs & Universities (0/1) 0.084%**
(0.021)
PROs only (0/1) x Absorptive capacity 0.005%**
(0.002)
No. observations 47,978 4761 4761
p-value equal coefficients
PROs only vs. Universities only 0.9870
PROs only vs. Both 0.8094
Panel D: For longer lead of dependent variable ad) 2d) 3d)
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Table A6 (continued)

PROs only (0/1) 0.123%*%* 0.021 —0.071%*
(0.020) (0.021) (0.032)
Universities only (0/1) 0.092%**
(0.010)
Both PROs & Universities (0/1) 0.106%**
(0.024)
PROs only (0/1) x Absorptive capacity 0.006%**
(0.001)
No. observations 41,045 4379 4379
p-value equal coefficients
PROs only vs. Universities only 0.1564
PROs only vs. Both 0.5639

Note: Explanation of variables in Table 1. Columns (2) and (3) include the reweighted sample of firms with external knowledge from
PROs only and firms with external knowledge from universities only. The symbol (0/1) means dummy variable. The standard errors
are presented in parentheses and are clustered at the firm-level. All regressions include industry times year dummies, year and firm
fixed effects. In Column (1), we also report the p-value corresponding to the null hypothesis that the effects of only PRO and only

university and both PROs and universities are the same.

, * indicate a 1 %, 5 %, and 10 % significance level, respectively.

Table A7
Placebo test.
@ 2
Random PROs only (0/1) —0.044 0.002
(0.045) (0.046)
Absorptive capacity 0.117%** 0.117%**
(0.002) (0.002)
Random PROs only (0/1) x Absorptive capacity —0.021
(0.022)
No. observations 71,794 71,794

Note: Explanation of absorptive capacity variable in Table 1. Random PROs only is a randomly
assigned dummy variable, within the group of firms with no external knowledge, that takes the value
one for half of the sample. In column (1) and (2), the sample includes firms without external
knowledge (non-transfers). The symbol (0/1) means dummy variable. The standard errors are
presented in parentheses and are clustered at the firm-level. All regressions include industry times
year dummies and year fixed effects. ** * indicate a 1 %, 5 %, and 10 % significance level,
respectively.

Table A8
Estimations without outliers.
Panel A: Firms at the common support (1a) (2a) (3a)
PROs only (0/1) 0.106%** 0.009 —0.054*
(0.019) (0.021) (0.032)
Universities only (0/1) 0.092%**
(0.009)
Both PROs & Universities (0/1) 0.0847***
(0.021)
PROs only (0/1) x Absorptive capacity 0.004***
(0.002)
No. observations 47,640 4901 4901
p-value equal coefficients
PROs only vs. Universities only 0.4824
PROs only vs. Both 0.3938
Panel B: Firms with internal R&D expenditures (1b) (2b) (3b)
PROs only (0/1) 0.098%** 0.010 —0.056*
(0.020) (0.021) (0.034)
Universities only (0/1) 0.082%**
(0.009)
Both PROs & Universities (0/1) 0.071%%*
(0.021)
PROs only (0/1) x Absorptive capacity 0.004***
(0.002)
No. observations 37,530 4838 4838
p-value equal coefficients
PROs only vs. Universities only 0.4463
PROs only vs. Both 0.3016

Note: Explanation of variables in Table 1. In column (1), the sample includes firms with external knowledge from PROs only,
firms with external knowledge from universities only and firms without external knowledge (non-transfers). Columns (2) and
(3) include the reweighted sample of firms with external knowledge from PROs only and firms with external knowledge from

23



M. Garcia-Vega and O. Vicente-Chirivella International Journal of Industrial Organization 93 (2024) 103056

universities only. The symbol (0/1) means dummy variable. The standard errors are presented in parentheses and are clus-
tered at the firm-level. All regressions include industry times year dummies, year and firm fixed effects. In column (1), we also
report the p-value corresponding to the null hypothesis that the effects of only PRO and only university are the same. ***, ** *
indicate a 1 %, 5 %, and 10 % significance level, respectively.

Table A9
External validity. Effect of foreign PROs and foreign universities for a reweighted sample.

@ (2 3
Foreign PROs only (0/1) 0.138** 0.039 —0.571%*

(0.064) (0.175) (0.220)
Foreign universities only (0/1) 0.093*

(0.056)
Foreign PROs only (0/1) x Absorptive capacity 0.428%**

(0.095)

No. observations 48,131 128 128
p-value equal coefficients 0.5923

Note: Explanation of variables in Table 1. In column (1), the sample includes firms with external knowledge from foreign PROs
only, firms with external knowledge from foreign universities only and firms without external knowledge (non-transfers). We
drop from the sample firms with external knowledge firms with external knowledge from Spanish PROs or from Spanish
universities. Columns (2) and (3) include the reweighted sample of firms with external knowledge from foreign PROs only and
firms with external knowledge from foreign universities only. In these columns, we also eliminate from the sample firms with
external knowledge from Spanish PROs or Spanish universities. The symbol (0/1) means dummy variable. The standard errors
are presented in parentheses and are clustered at the firm-level. All regressions include industry times year dummies, year and
firm fixed effects. In Column (1), we also report the p-value corresponding to the null hypothesis that the effects of only PRO
and only university are the same. “ indicate a 1 %, 5 %, and 10 % significance level, respectively.

Table A10
Covariate means for the weighted sample corresponding to Table A9.

Mean

Treated Control p> |t
Product innovation,_1 0.784 0.803 0.817
Product innovation, , 0.769 0.806 0.697
Product innovation, 3 0.684 0.780 0.405
Ln(size)—1 4.149 4.258 0.680
Ln(sales),;_1 16.20 16.05 0.685
Sales growth, 0.120 0.088 0.606
Ln(physical investment),_; 8.223 8.662 0.171
Being an exporter, 1 0.757 0.803 0.579

Note: For exact definitions and sources of all variables see Table 1 and main text. This table presents
mean values of the variables used for the matching procedure. The t-test indicates the balancing of the
variables.

Table A11
Spillover effect.

(€] 2) 3)
Spillover from universities only 0.064*** 0.057*** 0.059**
(0.012) (0.022) (0.024)
Spillover from PROs only 0.003
(0.014)
Spillover from both PROs and universities 0.080%**
(0.017)
No. observations 77,558 15,004 10,795
p-value equal coefficients
PROs only vs. Universities only 0.0007
PROs only vs. Both 0.0043
Sample (reweighted) No No Yes

Notes: The treated groups are companies without technology transfers from universities or PROs located in regions and
sectors with high external knowledge from PROs only (spillover from PROs only), from universities only (spillover from
universities only) and from both PROs and universities (spillover from PROs and universities). The control groups are
companies without technology transfers located in regions and sectors with low external knowledge. . * Significant at 10
%; ** Significant at 5 %; *** significant at 1 %.
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