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Abstract

Collaboration between universities and firms has boosted worldwide, due to the
transition towards open business models on the industry side and the development of
universities' third mission on the academia side. Such collaboration is expected to
contribute positively to the improvement and development of products and practices
at firms, which should lead to better corporate financial performance. We argue that
these financial benefits should be the major motivation form firms to ‘open’ their R&D
activities and interact with universities. Despite there is a broad literature on the
determinants of university-firm collaboration (UFC) and its effects on R&D and
innovation processes at firms, the study of its impact on corporate financial
performance, especially in empirical terms, remains unexplored. This paper attempts
to assess the impact of UFC on the corporate financial performance related to firm
innovation efforts. To do so, we isolate the innovation-related inputs used by firms to
produce radically and incrementally innovative products, and compare the innovation-
related profitability of collaborating and non-collaborating firms with a benchmarking
model based on Empirical Index Numbers (EINs) and Data Envelopment Analysis (DEA)
efficiency measures for a sample of 1,060 observations from the chemicals industry in
Spain for the period 2005-2015. Our findings show that firms that collaborate with
universities have, in average, more intensive innovation efforts, evidenced in
significantly higher costs of R&D labour and capital. Collaborating firms also perform
higher sales of incrementally and radically innovative products, generating higher
innovation-related profitability in the observed period. The profitability gain of
collaborating firms over non-collaborating firms is given mainly by changes in
technical efficiency and partly by a technology gap, while it is not supported by
changes in firm size/scale and price recovery. Through this paper, we contribute to the
understanding of the impact of UFC on firm performance in economic terms.

Keywords: University-Firm Collaboration (UFC); Firm Performance; Profitability;
Innovation; Empirical Index Numbers (EINs); Benchmarking; Data Envelopment
Analysis (DEA).
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1. Introduction

The transition towards open business models on the industry side (Chesbrough, 2006,
Laursen & Salter, 2006), evidenced by a greater openness and flexibility of R&D and
innovation activities at firms, and the development of universities’ third mission on the
academia side (Goransson & Brundenius, 2011), evidenced by a new role assumed by
universities beyond research and education with respect to regional engagement and
innovation, has generated a boost of university-firm collaboration (hereafter referred
as UFC) and other R&D interactions worldwide, with expected benefits for both
universities and firms, as well as for the surrounding region(s) where such interactions
take place. Despite there has been relevant research on the theme of UFC (Perkmann
& Walsh, 2007; Perkmann et a/, 2013; Mascarenhas, Ferreira, & Marques, 2018), there
is a lack of research focusing on how this phenomenon affects firm performance,
especially in financial terms, which must be considered one of the main incentives for
firms to interact with external players such as universities. Therefore, this working
paper is aimed at assessing the expected financial benefits for firms from collaboration
with university using a novel methodological approach, based on a benchmarking
exercise for firms of the Chemicals industry in Spain.

From a neoclassical view of business economics and in line with the traditional position
of the lobbying group The Business Roundtable! (BRT), corporations would be
interested in engaging in UFC, among other R&D collaborations, chiefly if it
contributes to serving shareholders’ interests through the generation of profits, as
stated at well-known Milton Friedman 1970’'s essay “The Social Responsibility of
Business Is to Increase Its Profits”. Openness in R&D and innovation activities generally,
and UFC specifically, should be primarily justified and motivated by financial means. In
this sense, we argue that through collaboration with university, firms can gain access
to fundamental knowledge and the possibility of conducting high quality research,
essential for innovation, as well as training, consultancy and technical support.
Accordingly, UFC is expected to create economic value for firms via technical change,
by enhancing their absorptive capacity (Cohen & Levinthal, 1990) and innovative
performance (Laursen & Salter, 2006), evidenced in the development of new and/or
improved products and practices at corporate level; such innovation can help firms to
improve their financial performance and survive in a global and competitive market,
supporting BRT's and Friedman's neoclassical view.

! The Business Roundtable is an association of chief executive officers of America's leading companies. Visit
https://www.businessroundtable.org for more information. The predominance of shareholders’ interests in the
stated purpose of corporations was maintained by BRT in its periodical issues between 1997 and 2019.
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Primarily, we look forward to answering a broad research question: ' What is the impact
of collaboration with university on firm financial performance? And in order to answer
this research question, three specific research questions have been formulated:

1) How can firm innovation-related financial performance be measured?

2) Do collaborating and non-collaborating firms have significant differences in terms
of innovation-related financial performance?

3) How does UFC help to create economic value at firms? Does it improve technology
and managerial efficiency? And what is the profitability gain associated to such
improvements?

We provide empirical evidence to answer these questions based on a sample of firms

from the Chemicals industry in Spain in the decade between 2005 and 2015. For the

first question, we propose and implement the concept of innovation-related
profitability which considers the R&D inputs used by firms to produce innovative
products. Afterwards, we tackle the second question by statistically analysing the
differences in the computed profitability between collaborating and non-collaborating
firms. Finally, the third question is approached by using an empirical index numbers

(EINs) approach to profitability gain based on Grifell-Tatjé & Lovell (2015); this

profitability gain is estimated using the economic concept of distance functions

(Shephard, 1970), computed through non-parametric programming techniques

known as Data Envelopment Analysis (DEA) (Charnes, Cooper & Rhodes, 1978). We

implement a benchmarking model based on the decomposition of the innovation-
related profitability gain of collaborating over non-collaborating firm, which helps to
understand how UFC affects firm performance in economic terms.

In brief, we have found that firms that collaborate with university perform, in average,
higher sales of both incrementally and radically innovative products. However,
collaborating firms also show significantly higher efforts in terms of innovation-related
capital and personnel investments. We also find that collaborating firms are larger in
average using the total sales as size proxy. Finally, our provisional results suggest that
collaborating firms have, in average, higher innovation-related profitability during the
studied period. We analyse the existent profitability gain of collaborating firms over
non-collaborating firm by decomposing it in: 1) the gap in productivity between
collaborating and non-collaborating firms given by differences in technical efficiency
and technology between the two groups, 2) changes in the size and scale of operations
of firms in relation to the interaction with university, and 3) the gap in price recovery
between the two groups. In the end, our empirical findings suggest that collaboration
with university has a positive effect on the innovation-related financial performance of
firms, based on evidence from the chemicals industry in Spain. With this work, we

Sergio Manrique

@ & Emili Grifell-Tatjé
Universitat Autonoma de Barcelona




contribute to understanding the impact of collaboration with university on firms in
economic terms via innovation.

This paper is structured as follows: The next section (2) reviews the relevant past
literature on the theme of university-firm collaboration and develops the concept of
innovation-related profitability. Afterwards, (3) the methodology of this work, based
on empirical index numbers, is explained, and (4) the research design is described.
Finally, (5) the results from the statistical analysis as well as from the benchmarking
model are presented, and (6) conclusions and final policy implications are discussed.

2. Conceptual Framework

This work revolves around the concepts of university-firm collaboration (UFC) and
innovation-related profitability. In this section, we develop a conceptual framework
based on a literature review of the motivations, types and expected impacts of
collaboration with university on firms, discussing how these UFC drivers relate to value
creation and profitability at firms. Additionally, the concept of innovation-related
profitability is introduced. Past literature has dedicated great efforts to analysing the
determinants of UFC, among other R&D and innovation collaborations, from both
industry and academia perspectives, as well as to —albeit to a more limited extent—
studying the effect of such collaboration on firm innovation outcomes (e.g. revenues
associated with incremental/radical innovation, number of patents). However, further
steps towards understanding the impact of UFC on firm financial performance,
especially in empirical terms, are still missing.

From the perspective of universities -and higher education and research institutions,
in general-, collaboration with firms has become a tool to enhance their contribution
to the innovation and development of regions with regards to the role that universities
play in economic growth, technology development and labour market dynamics,
among other socioeconomic processes, constituting universities’ third mission
(Goransson & Brundenius, 2011). University-firm collaboration (UFC), also
denominated as university-industry or university-business interaction in many studies,
has also gained notorious interest in academia as a way to promote and strengthen
non-academic and entrepreneurial activities carried out by researchers and academics
at higher education and research institutions (Abreu & Grinevich, 2013; D'Este & Patel,
2007) and academic engagement in knowledge exchange (Hughes & Kitson, 2012).
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Thus, UFC can serve internationalisation and excellence goals at universities?. However,
this paper focuses on the corporate perspective, and we are therefore interested in
deepening on the possible motivations, types and impacts of UFC at firms.

As per Friedman's neoclassical approach (1970), the primary goal of any business is to
maximize the value of its shareholders or owners through its business activity, by
producing and/or selling goods or services to customers in a profitable way. However,
firms can also have other objectives and duties, as they interact at and are part of a
social, economic and political context, given the location of their facilities and the
markets they serve; it implies dealing with the needs and interests of different
stakeholders, both internal (e.g., employees and owners) and external (e.g., suppliers,
customers and communities) -stakeholder approach- (Freeman, 1984). The
motivations to engage in UFC can be explained from both perspectives. However,
and bearing in mind that the stakeholder approach has already been widely
approached in the past (see literature on e.g. Triple/Quadruple Helix of Innovation and
National/Regional Innovation Systems), in this paper we follow the neoclassical view
as we are interested in studying the impact of UFC on the financial performance of
firms, that is, how such collaboration contributes to the generation of economic value
for firm shareholders. Despite we do not mean to ignore the impacts that UFC might
have on regions and stakeholders others than shareholders, and when it comes to the
side of firms in this story, we decide to focus on the financial impact as the main reason
that firms have for engaging in collaboration with university.

Even though the motivations to collaborate with university may vary depending on
firm characteristics (e.g. size, ownership structure, age), as well as on the context (e.g.,
industry, geographical location, institutional context), some common incentives can be
identified and discussed. Firm size, for instance, can be relevant to explain the
willingness of firms to collaborate; Santoro & Chakrabarti (2002) explain that when it
comes to engaging in UFC, larger firms seek to build competences in non-core
technological areas, while smaller firms focus more on problem solving in core
technological areas. In both cases, university-firm collaboration is considered a tool
for technology -and knowledge- transfer; nevertheless, larger firms might find easier
to engage in UFC and could be more likely to receive greater financial benefits from
collaborating. Firm’'s age and ownership structure are relevant factors when explaining
the motivations for collaborating, as described by Maietta, (2015), who also finds that

2 See a case study of UFC between a public university and a firm from the chemicals industry in Spain
(Manrique, 2018).
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cognitive and geographical proximity between universities and firms should influence
positively the occurrence and implementation of UFC.

Valmaseda-Andia et al. (2015) developed a very complete review and survey on the
motivations of UFC, classifying them into tactic and strategic motivations. The former
includes accessing new markets, creating new companies, solving production
problems, getting tax advantages and obtaining public funding, while the latter refers
to anticipating technological changes, addressing complex projects and improving
firm competitive position, reputation and image as potential goals motivating firms to
collaborate with university. As per us, both tactic and strategic motivations are guided
by the potential financial benefits that UFC can bring to the firm though innovation.
Moreover, most works in past literature coincide in that having access to knowledge
transfer and high quality research are relevant motivations for firms to collaborate with
universities. We conclude that UFC is seen a suitable way to canalize and consolidate
R&D activities at firm level in order to create economic value via innovation.

Partly based on the above motivations, different types of UFC can emerge with direct
and indirect effects on firm financial performance. This taxonomy is mainly based on
the activities or the mechanisms used in UFC, but could also be explained through the
complexity, scope and objectives of the collaboration. One of the first attempts to
develop a classification of UFC (Santoro and Chakrabarti, 2002) proposed four
categories: 1) research support in the shape of financial and equipment contributions
made to universities by industry, 2) cooperative research based on contract research
with investigators and consultancy by faculty for addressing immediate industry
problems, 3) knowledge transfer through cooperative education, curriculum
development, and personnel exchanges, and 4) technology transfer via university
driven research with industry expertise for addressing immediate and more specific
industry issues. In any of Santoro & Chakrabarti’s categories, firms that engage in UFC
should pursue financial benefits and would expect to generate profits either via
research or through technological development. Later on, Abreu and Grinevich (2013)
separated UFC into formal commercial activities (e.g. licensing and spin-outs), informal
commercial activities (e.g. consultancy and contract research), and non-commercial
activities (e.g. informal advice and public lectures).

We recognise that commercial UFC is directly and explicitly related to profitability
generation though innovation at firms; nevertheless, non-commercial UFC should also
be motivated by indirect benefits in firm financial performance. Soh & Subramanian
(2014) distinguished between two focuses in UFC: 1) technological recombination,
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taking place when firms pursue internal and external innovation activities
simultaneously and recombine patented technologies in developing a new innovation,
and 2) scientific research, with a knowledge management view of interfirm alliances
with emphasis on new publications. With a short-medium and long term perspective
respectively, both technological recombination and scientific research are means for
firms to create economic value via innovation. What is consistent in the literature on
UFC classification is the differentiation of the activities taking place at university
(research, education, others) and the firm objectives as the basis for developing a
taxonomy. Furthermore, firm objectives in UFC can always be related to creation of
economic value and profitability at firm-level though different means associated to
innovation.

As mentioned before, firms would normally engage in collaboration with universities
for getting benefits which contribute to maximizing its shareholders or owners value
via innovation, in line with BRT's neoclassical view. In this sense, we would expect the
impacts of UFC on firms to be either intermediate effects that lead to financial
benefits or proper effects on firm finances. Openness in innovation activities
(Chesbrough, 2006), expressed in the form of collaboration with university, contributes
to improving the innovative performance of firms (Laursen & Salter, 2006). Abreu and
Grinevich (2013), in line with their proposed types, conclude that UFC based on
commercial activities should lead to economic value generation while non-commercial
activities should lead to better reputation and societal benefits, which we think also
lead to economic benefits. According to Soh & Subramanian (2014), technological
recombination increases patent performance (and therefore its economic exploitation)
and enhance university collaboration activities while scientific research decreases the
relationship’s positive effects. UFC orientation in technological development prevails
over research when it comes to effects on firm performance.

Valmaseda-Andia et al’'s review synthetize UFC impacts in: 1) technical benefits (launch
or improvement of products/services and production problem solving), 2) economic
benefits (accessing new markets, improving sales/exports and reducing costs and
risks), 3) investment benefits (increase in R&D investments and work capital), and 4)
intangible benefits (improvement of image, reputation and culture, and gains in
scientific/technical knowledge and staff qualification). Despite the second and third
categories explicitly refer to financial impacts, both technical and intangible benefits
can also lead to economic value creation via innovation at firms. Finally, Maietta (2015)
concludes that geographical proximity in UFC benefits product innovation, while
university’s academic production weakens it, indicating that both proximity and
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university's focus when collaborating matter in the way UFC contributes to product
innovation at firms. When considering the impacts of UFC on firm performance
explicitly, most past literature has limited to either theorising on the financial benefits
in a general way (without empirical/applied analysis), or to exploring intermediate
effects that lead to such financial benefits, like technology and knowledge
commercialization (e.g. patents and licenses) and the improvement or creation of
products and processes. In this sense, past literature has mainly dedicated to study
how UFC affects firm innovation and R&D outputs.

Taking into account the previous literature on the impact of collaboration with
university on firm performance, we hypothesize that UFC should contribute positively
to the development and/or improvement of products and processes at firm level,
partially following Laursen & Salter’'s approach (2006), which should in turn lead to
better financial performance. Given the lack of empirical studies on the impact of UFC
on the financial performance of firms, we have firstly tried to think of a way to measure
such impact. As evidenced throughout this section, UFC has been mainly associated to
motivations, types and impacts related to innovation and R&D at firms. Therefore, we
recognise that the generation of value (profits) caused by UFC at firms should mainly
take place via innovation and R&D activities. In this paper we propose the concept of
innovation-related profitability, which considers 1) the income generated by the
products associated to the innovative efforts of firms and 2) the costs associated to
investments on innovation as well as to R&D personnel and other expenses. Secondly,
and bearing in mind that innovative firms can have relevant differences in terms of
size, we follow the approach proposed by Grifell-Tatjé & Lovell (2015, 2016), in which
the income obtained by the firm for each monetary unit dedicated to innovation is
explained. This is a 'profitability approach that considers the income/cost ratio based
on the isolation of inputs and outputs associated to the R&D and innovation activities
of firms, which we recognised as the main factors affected by engagement in UFC. The
introduced concept of innovation-related profitability serves as an attempt to measure
the contribution of both the efforts (costs) and benefits (revenues) of research and
technological development activities to the generation of profits in firms. In this sense,
this measure might neglect the contribution of non-R&D activities and efforts to the
development and commercialisation of innovative (new) products, as well as the
contribution of R&D activities and efforts to the production and commercialisation of
non-innovative (old) products at firms.

In contrast with the neoclassical view for the impact of UFC on firms that guides our
study, relevant literature oriented towards Freeman'’s ‘stakeholder approach’ has been

10
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developed in support of the benefits that other players in regions and nations might
get from collaboration for innovation. We cannot neglect to highlight important
knowledge developments such as national and regional innovation systems (Lundvall,
1992; Nelson, 1993; Cooke, Uranga, & Etxebarria, 1997) and the triple/quadruple helix
of innovation (Etzkowitz & Leydesdorff, 1997; Carayannis and Campbell, 2009), in
which firms are considered part of an ecosystem and innovation is assessed in a larger
spectrum. In these approaches, the needs and benefits of regional stakeholders and
the societal impact of R&D collaborations prevail over its impact on firm performance
as the major driver for firms to engage in UFC. The Business Roundtable itself has
recently given a turn to its formal position on the ' Purpose of a Corporation’®, moving
from a predominant and unique focus on shareholders’ interests and profits
generation towards a more holistic approach in which firms are meant to create value
for all stakeholders, including customers, employees, suppliers and communities, with
a long-term perspective. This BRT's flip has already received critiques (Winston, 2019),
but either if this turn towards social responsibility is about empty rhetoric or real
changes in corporate focus in the U.S., we believe firms would always respond primarily
to financial motivations when deciding to collaborate with university. Improvements
in profitability given by positive changes in firms’ productivity thanks to collaboration
with university can also lead to industrial development and economic growth at
regions via knowledge spillovers (Grossman & Helpman, 1991) and knowledge
exchange (Hughes & Kitson, 2012).

3. Methodology

We are interested in studying the impact of collaboration with university on the
innovation-related financial performance of firms. Given the working hypothesis of a
UFC's positive impact on firm’s innovation-related financial performance, we aim at
studying the gain in profitability that collaborating firms might show with respect to
non-collaborating firms based on changes in the innovation factors that determine
such performance. For this, we follow Grifell-Tatjé & Lovell (2015) and make use of
Empirical Index Numbers (EINs) that allow us to decompose and better understand
the gain of innovation-related profitability. EINs are estimated using the economic
concept of distance functions (Shephard, 1970), which measures the distance between
a firm and its best practices frontier or technology. These distance functions are
computed through non-parametric programming techniques known as Data
Envelopment Analysis (DEA) (Charnes, Cooper & Rhodes, 1978). The decomposition

3 See https://opportunity.businessroundtable.org/ourcommitment/
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of the innovation-related profitability gain provides reference values for the
benchmarking model implemented to compare the economic performance of
collaborating and non-collaborating firms.

3.1. Decomposing Innovation-related Profitability Gain

The concept of innovation-related profitability is proposed in order to answer our first
research question regarding the measurement of firm financial performance. For its
estimation and decomposition, we firstly define the revenue (R), cost (C) and
profitability (M) of collaborating (denoted with 1) and non-collaborating (denoted with
0) firms under a one input-one output scenario considering their output prices (p) and
quantities (y) and their input prices (w) and quantities (x).

Revenue Cost Profitability
Rl
Rl — plyl Cl — Wlxl Hl — F
RO
RO = p%y0° CO = woxO0 1° = =

We can then define the change in profitability of collaborating firms with respect to
non-collaborating firms, which we actually prefer to denominate profitability gain.

m _ RY/C'  R'/R°
m°  R°/C°  (C1/C°

Profitability Gain = Revenue Change / Cost Change

What we see is that this profitability gain is explained by the ratio between revenue
change (numerator) and cost change (denominator), and we proceed to express them
in terms of quantities and prices.

Rl 14,1 1

RO — pOy0

1
“w

"<°|‘<

Revenue Change = Output Quantity Change x Output Price Change

ct wixl  x1 wl

_ = = — X —
co wOx0 x0 " wo

Cost Change = Input Quantity Change x Input Price Change
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We have that the revenue change is given by the product between output quantity
change and output price change, while the cost change is given by the product
between input quantity change and input price change. We can now express the
profitability gain in terms of quantities and prices.

Hl Rl/cl Rl/RO B yl/yO pl/pO

— — = = X
1o RO/CO ct/co x1/x0 " wl/wo

Profitability Gain = Productivity Change x Price Recovery Change

We conclude that the profitability gain of collaborating firms with respect to non-
collaborating firms is defined by the product between productivity change, given by
the changes in quantities, and price recovery change, given by the changes in prices,
as portrayed in Figure 1.

Change Change
in Change in
Output in Revenue Output
Quantities Prices
Change
Change Profi biliy in
in » : . .
.. Gain Price
Productivity
Recovery
Change Change
n Change in n
Input Cost Input
Quantities Prices

Figure 1 - Grifell-Tatjé & Lovell’s (2015) proposal for the analysis
of profitability gain based on van Loggerenberg & Cucchiaro (1981)

EINs in economics are commonly used to represent the variation of quantities and
prices of inputs and outputs between two periods of time. However, in this study we
make use of EINs to represent such changes as gaps between firms that collaborate
and do not collaborate with university in the same period of time and in a scenario
with multiple inputs and outputs. We firstly make use of Laspeyres and Paschee
empirical index numbers for output quantity change and output price change

13
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respectively. Laspeyres Output Quantity Index is defined as Y, = p°Ty!/p°Ty°, where
P°T represents the transposed vector of input prices from non-collaborating firms,
while yZ and ¥ represent the vectors of output quantities of collaborating and non-
collaborating firms respectively. And Paschee Output Price Index is defined as P, =
yTpl/y1Tp°, where ! represents the transposed vector of output quantities from
collaborating firms, while p? and p° represent the vectors of output prices of
collaborating and non-collaborating firms respectively.

The changes in revenues, costs and profitability between collaborating and non-
collaborating firms can be expressed using EINs, as shown in Table 1.

Table 1 - Revenues, Costs and Profitability Change with Empirical Index Numbers

Non-collaborating Collaborating m

Revenues RO = pohp RI = plTyt R/RO = p'Tyt [pOTy°
= w0 C = wilx C/C0= wiTx! /wOTx0
Profitability mn°=Ro/c° nm =Rt/ct nt/ne

EINs must comply with the "Product Test’, according to which the product between an
output quantity index and an output price index must be equivalent to the change in
revenues, while the product between an input quantity index and an input price index
must be equivalent to the change in costs. However, this does not occur when using
EINs of the same type. For instance, YV, x P, # RL/RC and X, x W, # C./C° when using
Laspeyres indexes uniquely. For this reason, we must combine the use of Laspeyres
and Paschee index numbers in order to get that Y, x Pr = RL/RC or Yex P, = RL/RC.

We can now come back to explaining the changes in revenues and costs using EINs.
On the outputs side, we have that the revenue change can be expressed as the product
between a Laspeyres Output Quantity Index and a Paschee Output Price Index.

R'/R® = Y, x P,
Revenue Change = Output Quantity Change x Output Price Change
Where Laspeyres index can be expressed as Y, = Y0 (x% y%,y%) x YMJ(x°,p° v1,y%

and defined using the economic concept of output-oriented distance functions
(Shephard, 1970) as:
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DY (x° y1) y p°T[y*/DJ(x° y1)]
DI(x%y°%  p°T[y°/D2(x°, y°)]

YL ==

Which generates that the revenue change can be written as:

R*  [DJ(x°y") p”[y'/DJ(x°yD]|  y'p
RO~ |DY(x%y®) " poT[y°/DY(x% yD)]| " yTp°

Analogically, on the inputs side we have that the cost change can be expressed as the
product between a Laspeyres Input Quantity Index and a Paschee Input Price Index.

Cl/C% = X, x W,
Cost Change = Input Quantity Change x Input Price Change

Where Laspeyres index can be expressed as X, = X5 (y°,x1,x%) x XM (y°, w®, x1,x%)
and defined using input-oriented distance functions (Shephard, 1970) as:

_ DY xt)  wOTlx!/DR(y",xh)]

X, = X
FDY(,x%) T woT[x%/DY (y°,x)]

Which generates that the cost change can be written as:

Cl B Dio(yo,xl) y WOT[xl/DiO(yO,xl)] y x1ITwl
Co Dio (yo, xO) woT [xO/Di" (yo’ xO)] x1T 0

With the changes in revenue and cost being defined, we can now express the
profitability gain in terms of Laspeyres and Paschee EINs.

RYR _ Y. B
ct/co  x, W,
Profitability Gain = Productivity Gap x Price Recovery Gap

Therefore, this profitability gain can be expressed using distance functions (Shephard,
1970) as:
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RY/R®  [Dg(x%y")/Do(x°y®) ~p°Tly'/Do(x®,y)]/p” [y°/Do(x% y™)]
Cl/CO - [Dio(yo,xl)/DiO(yO,XO) X WOT[Xl/DiO(yO,Xl)]/WOT[XO/DiO(yO,XO)]
lepl/lepo
xlwl/xtw?0

[Bjurek Malmquist Productivity Change x Based Period Mix Effect]
x [Price Recovery Gap]

We then implement Grifell-Tatjé and Lovell approach (2015; p 137) based on a
previous proposal of Lovell (2003), according to which the Bjurek Malmquist
Productivity Change expression can be redefined as:

D (x°y")/Dg(x°% ¥y _ D&(xl.yl)xDé’(xl.yl) DJ(x°,y")/DJ(x", y*)
DY(y°,x1)/D2(y%,x%)| — [DI(x%y°) " Di(x\,y)| " |D2(y°, x1)/D(y° x°)

= [CDD Malmaquist Productivity Index] x [Size Change Effect]

= [Output-oriented Technical Efficiency Gap x Technology Gap] x [Size Change
Effect]

This leads to the next expression of Profitability Gain:

R'/R®  [Dy(x',yY) _DJ(x',y") _ DJ(x°y")/D3(x',y")
Cijco [Dg(xO.y°> *Dityn) D?(yO,xl)/D{’(yo,xO)]
p° [y /DJ(x% y")1/p°T[y°/DI(x%yN1] [y p* /¥y p°
wOT[x1/DP (y0, x1)]/woT[x°/D? (y°,x°)] xtwt/xtw?

Finally, we decide to merge the Size Change Effect and the Based Period Mix Effect
and get an adoption of a Size-Scale Effect term "that measures the productivity
impact of size change that captures the joint impacts of economies of scale and
diversification” (Grifell-Tatjé & Lovell, 2015, p. 346) to the context of profitability gain.
This extension generates an expression related to the size and scale of operations:

p°T [y /D3 (x*, y)1/p°T [y°/Dg (x°,¥)]
WOTxl/WOTXO

We finally end up with this decomposition of Profitability Gain:
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RYR® _ [Di(x',y") ><DO(xl,yl)
C1/Co DO(x% %) ~ Di(xi,y
TTyt/DJ(x, y)]/p°" [y° /D3 (x°, y° ] [ Tpt/y'Tp 0]
X

WOTxl/WOTxO Wl/X w?

Profitability Gain = [Malmquist CDD Productivity Index]
X Size-Scale Effect x Price Recovery Gap

Profitability Gain = Technical Efficiency Gap x Technology Gap
X Size-Scale Effect x Price Recovery Gap

The Technical Efficiency Gap compares how efficient are collaborating and non-
collaborating firms with respect to their respective technologies or best practices
frontiers, as represented in Figure 2.

Output (y)

Collaborating
Technology

S

Non-collaborating
Technology

Input (x)’

Figure 2 - Representation of Technical Efficiency Gap

The Technology Gap explains the difference between the technologies or best
practices frontiers of collaborating and non-collaborating firms, as represented in
Figure 3.
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Figure 3 - Representation of Technology Gap
Finally, the Size-Scale Effect explains the differences in the exploitation of economies

of scale given by size changes between collaborating and non-collaborating firms, as
represented in Figure 4.

Qutput (y)

Collaborating
Technology

'S/mmraﬁng

Technology

Input (x)'

Figure 4 — Representation of Size-Scale Effect

The Price Recovery Gap reflects solely on the differences in prices of inputs and
outputs between collaborating and non-collaborating and its effect on the revenues
and costs related to the production and commercialisation of innovative products.
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3.2. Testing and Benchmarking the Gaps

In order to analyse how significant are the differences in innovation related profitability
between collaborating and non-collaborating firms, as per our second research
question, we firstly execute parametric (t-tests) methods to test if the mean of
profitability differs between the two groups for the studies period in a statistical
significant way. We do so in order to study the effect and significance of UFC in the
estimation of firm performance.

There are not many antecedents of the use of benchmarking models to compare firm
performance in relation to R&D and innovation activities, and elaborated empirical
comparisons based on R&D collaboration with external partners such as university, for
instance, are inexistent to our knowledge. Most common benchmarking exercises have
taken care of assessing and comparing new product development practices at firms
(Griffin, 1997), basing comparisons on the best and average observations. As more
sophisticated methods for benchmarking using DEA measures have been developed
(Bogetoft & Otto, 2011), our study aims at comparing collaborating and non-
collaborating firms based on the decomposition of the innovation-related profitability
gain explained in the previous section and portrayed in Figure 5.

Innovation-related Profitability Gain
[
’ Price Recovery Gap

1
Technical Efficiency Gap Technology Gap Size-Scale Effect

Figure 5 — Measures of Reference for Benchmarking based on Grifell-Tatjé & Lovell (2015)

We generate a set of simulated representative observations for collaborating and non-

collaborating firms for each of the years in the studied period:

- Representative average firms: Average firms are simulated using the means of
the quantities and prices of collaborating and non-collaborating groups for
computing their revenues, costs and profitability separately.

- Representative profitable firms: Profitable firms are simulated using the means
of the quantities and prices for the most profitable quartile of collaborating and
non-collaborating groups for computing their revenues, costs and profitability
separately.

N Sergio Manrique
s\ & Emili Grifell-Tatjé
Universitat Autonoma de Barcelona



Consequently, four scenarios of comparison are performed among the different
benchmarks for computing the innovation-related profitability gain and its
components for:

1) Representative average collaborating firm over representative average non-
collaborating firm, reflecting on the profitability gain between the middling firms
from the two groups.

2) Representative profitable collaborating firm over representative profitable
non-collaborating firm, reflecting on the profitability gain between the most
profitable firms from the two groups.

3) Representative profitable collaborating firm over representative average
non-collaborating firm, reflecting on the profitability gain of the most profitable
collaborating firms over the middling non-collaborating firms.

4) Representative average collaborating firm and representative profitable non-
collaborating firm, reflecting on the profitability gain of the middling
collaborating firms over the most profitable non collaborating firms.

Scenarios 1 and 2 compare firms from the two groups under similar conditions.

Moreover, scenario 3 compares collaborating firms in a privileged condition with non-

collaborating firms in a regular condition, while scenario 4 compares collaborating

firms in a regular condition with non-collaborating firms in a privileged condition.

4. Data and Variables

We use data from the Spanish Panel of Technological Innovation (PITEC), which
provides information related to research and technological development activities of
Spanish firms following the standard of the community innovation survey conducted
in many countries of Europe. We analyse a sample of firms from the chemicals industry
in Spain between 2005 and 2015. After ensuring complete information and excluding
outliers, we get an unbalanced panel data set of 1060 observations for the 11-years
period, counting with 119 unique firms across the panel. We also use data from the
Spanish National Statistics Institute (INE), from where information on industrial price
indexes, minimum wages and capital depreciation rates, among other parameters of
the Chemicals industry used to estimate our variables, are retrieved. The chemicals
industry was selected mainly because 1) it has been identified as one of the most R&D
intensive sectors in Spain according to PITEC data, 2) it counts with one of the largest
proportions of collaborating firms in the national spectrum. Therefore, this sector is
ideal for assessing the impact of collaboration with university on firm performance, as
previously explored in a case study by Manrique (2018). Figure 6 shows the sample
distribution between collaborating and non-collaborating firms along the studied
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Assessing the Impact of University-Firm Collaboration on
Innovation-related Financial Performance

period, having that approximately between a third and fourth part of firms collaborate

every year.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

80
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B Non-collaborating Firms W Collaborating Firms

Figure 6 - Number of Observations per Year and Group

Given the methodological approach explained above, we consider a mix of three inputs
and two outputs related to R&D at firms, and their contribution to the innovation-
related profitability of firms. Considering this set of inputs and outputs with its prices,
the costs and revenues associated to innovation activities at firms are also computed
together with the correspondent profitability as a proxy of innovation-related financial
performance. The construction and estimation* of such R&D factors using PITEC
database is explained in detail below.

4 For the quantities of inputs and outputs, the variables have been smoothed by computing the average
quantity for periods t-1 and t, and assigning this quantity to period t, in order to remove noise from the data
set and allow for trends and patterns to emerge. Additionally, we have observed many extreme and rare values
in some of our variables of interest. Such unusual observations might be caused by the nature of our data,
which comes from surveys that might allow for human mistakes and mistaken reported information. Thus,
these very unusual, extreme and/or rare observations should be excluded in order to remove noise from
mistaken information in our analysis. These has been done in two ways: 1) For some variables, outliers have
been excluded following an statistical approach (Hoaglin, Iglewicz & Tukey, 1986) which considers only the
observations within the interval [ Mean — 3* St. Deviation, Mean + 3* St. Deviation], and 2) for variables with
senseless values we have stablished some rules in order to exclude mistaken information:
- For the unit cost of labour (w.), we have determined an inferior limit based on the legal monthly minimum
wage in Spain for each year.
- For the amount of capital (xk), we have excluded observations with zero value, since we assume that firms
without working capital should not be able to generate any innovative products.
- Considering the total sales of a firm as a proxy of size, we have excluded enterprises that are considered
micro-firms because such firms normally do not report data on labour and investments of capital in R&D.
Firms with total sales lower than € 2 million have been taken out.
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4.1. Inputs Definition

The Innovation Personnel in Research (x:z) and Technological Development (x;7p)
includes the workforce used by each company dedicated to research and technological
development activities respectively. These two inputs are measured in number of
people employed in each activity per year for each firm. This category may include but
is not limited to researchers, technicians and support staff working on scientific
research (both basic and applied) and technological development. We firstly take the
total number of employees dedicated to R&D and innovation activities for each firm
(PIDT in PITEC) and multiply it for the proportion of current expenses (labour expenses)
that each firm allocates to fundamental and applied research (INFUN and INAPL in
PITEC) or technological development (DESTEC in PITEC), in order to get the number of
employees dedicated to each of these two duties for each firm for each year.
Regarding the Innovation Personnel Unit Cost (wiz = wirp) and bearing in mind that
the information provided by PITEC does not allow us to differentiate among the labour
unit cost of workers dedicated to different duties within the R&D and innovation
activities of a firm (basic/applied research VS technological development), we compute
a unique personnel unit cost in EUR (€) for each firm in each year, which will serve as
price for the two labour inputs considered in this study. In order to estimate the
Innovation Personnel Unit Cost, we firstly take the value of the total expenses in
research and technological development (GTINN in PITEC) and multiply it for the
percentage of these total expenses that are internal (GINTID in PITEC), in order to get
the value of the total internal expenses in research and technological development.
Then we take this value and multiply it for the percentage of total internal expenses
that corresponds to current expenses (TCOR in PITEC), in order to get the value of total
current expenses (total labour cost) per firm per year. Finally, we take this value and
divide it by the total number of employees working in research and technological
development (x:s7 + x.7p), in order to get an average labour unit cost for the innovation
personnel.

The Amount of R&D and Innovation Capital (xx) considers the investment efforts in
research and technological development, and it is measured in units of capital. This
includes all investments and expenses in innovation and R&D activities which are not
included in the three previous inputs, that is, all the R&D and innovation efforts apart
from current expenses (human capital expenses). This category includes but is not
limited to investments and expenses associated to buildings, software, machinery, labs
and tools used by each firm to conduct research and technological development
activities in each year. We firstly construct the capital stock for each period. The capital
stock of period tis computed by taking the capital stock of the previous period and
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discounting the depreciation with a weighted average rate that considers the
proportion of buildings, machines and software used by the firm, as previously done
in a BBVA-IVIE foundation study (2009). This value is then updated using the Price
Index of the Chemicals industry, retrieved from INE, as deflator. We then add all the
investments (non-current expenses) carried out by the company in period t and value
this amount at constant 2005 prices, by applying the deflator cumulatively from 2005
to year t .Regarding the R&D and Innovation Capital Unit Cost (wx), it corresponds
to the unit price of the innovation-related working capital and it is measured in EUR
(€). This unit price is computed by means of the weighted average cost of capital
(WACC = % Debt * Cost of Debt + % Equity * Cost of Equity), which assuming zero
debt and full financing via equity corresponds to the cost of equity. We calculate the
cost of equity by using the capital asset pricing model (CAPM), which considers that r.
= rr + B*(rm - ry). For each year, r¢(risk free) is estimated using the returns from German
government bonds, rm (market return) is estimated using the returns of the Spanish
market based on the Euro Stoxx 50 Index, and B (Chemicals sector risk) is retrieved
from Madrid Stock Exchange reports. The total cost of financing corresponds to F =
WACC * xx and therefore we find the unit price as wx = F / xx = WACC which is
transversal across all firms in the Chemicals industry in each year.

4.2. Outputs Definition

The Incrementally Innovative Products (yw) and Radically Innovative Products
(Wrap) reflects on the produced amount of innovative products new to the firm and
new to the market respectively. A product is new or novel as long as it has been
introduced between #-1 and ¢ We firstly estimate the value of total revenues from
products new to the firm or new to the market by multiplying the total sales (CIFRA in
PITEC) of a firm in a certain year by the percentage of such sales that corresponds to
products new to the firm (NEWEMP in PITEC) or new to the market (NEWMAR in PITEC),
getting the total revenues from incremental or radical innovation. The quantity of
incrementally or radically innovative products is estimated with the deflated value of
revenues from incremental or radical innovation, dividing such revenues by 1+Dy,
where Dy corresponds to the compound price index of the chemicals industry, that is,
the cumulative variation of prices in the chemicals industry, which is retrieved from the
Spanish National Statistics Institute (INE). Regarding the Unit Price of Incrementally
Innovative Products (pmwo and Radically Innovative Products (prap), these are
measured in EUR (€) for each year and each firm. Such unit price is computed by
dividing the total non-deflated and smoothed revenues from incrementally or radically
innovative products by the smoothed quantity of incrementally or radically innovative
production (ymvcor yrap). In the end, this price corresponds to the cumulative variation
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of prices in the chemicals industry. We are therefore using a deflator that captures the
prices behaviour of the chemicals industry as a proxy of output unit cost.

4.3. Explanatory Variable

University-Firm Collaboration (UFC) is a binary variable that takes the value of 1 in
period ¢ if the firm has conducted any collaboration with a higher education or
research institution between #-2and ¢ and the value of 0 otherwise. In this sense, this
study analyses the impact of collaboration with university between #-2 ant ¢ on the
innovation-related financial performance of ¢

5. Results

We firstly present a descriptive summary of our provisional results in Table 2, based
on the averages of the different variables of interest for the whole studied period
(2005-2015), for which 280 and 780 out of 1,060 observations correspond to
collaborating and non-collaborating firms respectively. Considering the total revenues
(from both innovative and non-innovative products) as a proxy of size, we observe that
collaborating firms are, in average, more than twice larger than non-
collaborating firms, reflecting on the higher likeliness of larger firms to collaborate
with university, as mentioned in the conceptual framework. In these preliminary results
we also observe that the participation of innovative products in the total sales of firms
is slightly higher for non-collaborating firms, but for the two groups close to 30% of
the total sales correspond to innovative products, reflecting on the R&D intensity
and innovation performance of the chemicals industry of Spain in general.

Table 2 - Summary of Averages for the Variables of Interests

Collaborating Firms (1) Non-Collaborating Firms (0)

88,579,117.26 € > 39,893,333.02 €
8,673,156.61 > 5,048,423 29
5,784,753.20 > 2,540,474.59
133 € - 132€

Xir 10.80 > 637
| x| 802 > 5.65
1,168,066.77 > 550,774.24
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43,708.25 € > 39,113.20 €
43,708.25 € > 39,113.20 €
005 € - 005 €
19,178,523.59 € > 10,032,838.65 €
884,555.49 € > 499,686.46 €

\%

Innovation-related Profit 18,293,968.10 € 9,533,152.19 €
Innovation-related Profitability 21.68 > 20.08

Moving on to our provisional results on the quantities and prices of inputs and outputs,
we firstly observe that the quantities of both incrementally and radically innovative
products (Ve and yrap) are significantly larger for collaborating-firms. Output prices
(pmve and prap) do not show differences as such prices have been estimated using a
cumulative deflator that captures the behaviour of prices in the industry, affecting the
two groups equally. On the outputs side, we conclude that the average innovation-
related revenues of collaborating firms double those of non-collaborating firms.
With respect to the inputs, the quantities of both research and technological
development staff (xi# and xi7p) are higher for collaborating firms, indicating that
collaborating firms attract and hire, in average, more R&D personnel .
Additionally, the labour unit cost (w;) is also higher for collaborating firms, reflecting
that collaborating firms, in average, pay better to their R&D employees. The
amount of innovation capital (xx) used by collaborating firms is more than two times
the amount used by non-collaborating firms, indicating that collaborating firms, in
average, invest a lot more in R&D than non-collaborating firms. Capital unit price
(wk) does not show differences as such price has been estimated using WACC model
for the whole chemicals sector. On the inputs side, we conclude that the average
innovation-related costs of collaborating firms are significantly higher than
those of non-collaborating firms. In the end, the previous results cause that the
innovation-related profit (R — () of collaborating firms doubles the one of non-
collaborating firms, and more importantly, the average innovation-related
profitability is nearly 8% higher for collaborating firms. Consequently, it is worth
to observe the behaviours of such profitability for the two groups in each of the years
of the observed period, as represented in Figure 7.
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Figure 7 - Profitability of Non-Collaborating and Collaborating Firms per year (2005-2015)

Excepting 2009 and 2014, in which the profitability of the two groups is very similar,
we observe that in every year collaborating firms perform a higher innovation-
related profitability than non-collaborating firms. However, we are also interested
in knowing how statistically significant is this difference. The results of the t-test
performed in this regard are shown in Table 3. From this test, we can conclude that
the innovation-related profitability of collaborating firms is significantly higher
than the innovation-related profitability of non-collaborating firms under a 5%
significance level.

Table 3 - t-test for Profitability Mean Difference

Two=-zample t test with unequal wvariances

Group Obs Mean Std. Exrr. Std. Dev. [95% Conf. Interval]

lu] T8O 23.41362 1.303353 36.400865 20.85512 25.597211

1 280 28.868B37 3.007081 50.31808 22.94912 34.78802

combined 1,060 24.85455 1.2466598 40.58555 22.40827 27.30083

diff -5.454956 3.277386 -11.689858 . 9BBG6639

diff = mean(0) - mean(l) T = =1.6644

Ho: diff = 0 Satterchwaice's degreess of freedom = 388.738
Ha: diff < O Ha: diff !'= 0 Ha: diff > 0

Pri(I <« t) = 0.0484 Pr{IT| > |tl) = 0.0968 Pr(T > t) = 0.9516

After having measured and tested the gain in innovation-related profitability of
collaborating over non-collaborating firms, it is now time to present what is behind
such differences with the provisional results of our benchmarking exercise given the
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decomposition of innovation-related profitability and the four scenarios explained in
the methodology section. To start, Table 4 presents the results for the first scenario,
in which a representative average collaborating firm is compared to a representative
average non-collaborating firm.

Table 4 - Benchmarking Scenario 1: Collaborating Average vs Non-collaborating Average

Technical Technology | Size-Scale | Price Recovery | Profitability
Efficiency Gap Gap Effect Change Gain

2005 2701 0.672 0.839 0.946 1439
2006 1.252 0.879 0.775 0.866 0.738
2007 1.291 1.160 0.916 0.820 1.126
2008 1.026 1717 0.851 0.906 1.357
2009 1.386 1.353 0.739 1.104 1.530
2010 1.297 1.014 0.905 1.092 1.300
2011 1.791 1.083 0.879 0.853 1.455
2012 1.078 0.889 1.141 0.864 0.944
2013 1.158 1.214 0.847 0.792 0.944
2014 1.921 0.466 0.835 0.908 0.679
2015 1372 0.983 0.800 0.847 0.914

m 1.479 1.039 0.866 0.909 1.130

This scenario represents the innovation-related profitability gain of middling
collaborating firms over middling non-collaborating firms. Firstly, we observe that in
scenario 1 the representative average collaborating firm is, in average, 13% more
profitable than the representative average non-collaborating firm for the studied
period. This gain is mainly given by a favourable gap in technical efficiency, as the
representative average collaborating firm is, in average, 48% more technically efficient
than the representative average non-collaborating firm. This gain is also partially
supported by a favourable technology gap of nearly 4%. However, this gain is also
being negatively affected by unfavourable gaps in terms of size-scale effect and price
recovery, indicating that changes in prices, size and the scale of operations do not help
average collaborating firms to gain profitability as much as they do for average non-
collaborating firms. Moving on, Table 5 presents the results for the second scenario,
in which a representative profitable collaborating firm is compared to a representative
profitable non-collaborating firm.
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Table 5 - Benchmarking Scenario 2: Collaborating Profitable vs Non-collaborating Profitable

Technical Technology | Size-Scale | Price Recovery | Profitability
Efficiency Gap Gap Effect Change Gain

2005 1.875 1.193 0.664 0.938 1.393
2006 1.603 1.096 0.661 1.167 1.356
2007 0.992 1.359 0.912 1.010 1.242
2008 1.049 1.950 0.592 0.817 0.990
2009 1.997 1.344 0.531 0.988 1.408
2010 1127 1.022 0.821 1.211 1.146
2011 1.733 1.109 0.717 0.972 1.339
2012 1.217 1.103 0.887 1122 1.336
2013 1.253 1112 1.033 0.770 1.109
2014 1.876 0.606 0.641 1.139 0.831
2015 1.535 0.926 0.911 1.065 1.378

m 1.478 1.166 0.761 1.018 1.230

This scenario represents the innovation-related profitability gain of outperforming
collaborating firms over outperforming non-collaborating firms. Firstly, we observe
that in scenario 2 the representative profitable collaborating firm is, in average,
23% more profitable than the representative profitable non-collaborating firm
for the studied period. This gain is mainly given by a favourable gap in technical
efficiency, as the representative profitable collaborating firm is, in average, 48% more
technically efficient than the representative profitable non-collaborating firm. This gain
is also partially supported by a favourable technology gap of nearly 17% and a
favourable price recovery gap of 2%, indicating that best practices in the sector as well
as changes in prices are more convenient for profitable collaborating firms. However,
this gain is also being negatively affected by an unfavourable gaps in terms of size-
scale effect, indicating that changes in size and the scale of operations do not help
outperforming collaborating firms to gain profitability as much as they do for
outperforming non-collaborating firms. Moving on, Table 6 presents the results for
the third scenario, in which a representative profitable collaborating firm is compared
to a representative average non-collaborating firm.
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Table 6 - Benchmarking Scenario 3: Collaborating Profitable vs Non-collaborating Average

Technical Technology | Size-Scale | Price Recovery | Profitability
Efficiency Gap Gap Effect Change Gain

2005 4.664 1.193 0.730 1.020 4.143
2006 2953 1.096 0.985 1.241 3.961
2007 2442 1.359 0.970 1.081 3.477
2008 2.368 1.950 0.779 0.897 3.228
2009 4.402 1.344 0.688 0.993 4.040
2010 3.071 1.022 0.865 1.369 3.714
2011 4413 1.109 0.818 1.088 4.357
2012 2.935 1.103 0.968 1.197 3.750
2013 3.153 1112 1.001 0.833 2.925
2014 4.246 0.606 0.710 1.054 1.927
2015 3.371 0.926 0.906 0.999 2.826

m 3.456 1.166 0.856 1.070 3.486

This scenario represents the innovation-related profitability gain of outperforming
collaborating firms over middling non-collaborating firms. Firstly, we observe that in
scenario 3 the representative profitable collaborating firm is, in average, 3.5
times more profitable than the representative average non-collaborating firm for
the studied period. This gain is mainly given by a favourable gap in technical efficiency,
as the representative outperforming collaborating firm is, in average, 3.5 times more
technically efficient than the representative middling non-collaborating firm. This gain
is also partially supported by a favourable technology gap of nearly 17%, as in scenario
2, and a favourable price recovery gap of 7%, indicating that best practices in the sector
as well as changes in prices are more convenient for profitable collaborating firms.
However, this gain is also being negatively affected by an unfavourable gap in terms
of size-scale effect, indicating that changes in size and the scale of operations do not
help outperforming collaborating firms to gain profitability as much as they do for
middling non-collaborating firms. Moving on, Table 7 presents the results for the
fourth scenario, in which a representative average collaborating firm is compared to a
representative profitable non-collaborating firm.
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Table 7 - Benchmarking Scenario 4: Collaborating Average vs Non-collaborating Profitable

Technical Technology | Size-Scale | Price Recovery | Profitability
Efficiency Gap Gap Effect Change Gain

2005 1.086 0.672 0.777 0.854 0.484
2006 0.679 0.879 0.522 0.811 0.253
2007 0.524 1.160 0.868 0.761 0.402
2008 0.454 1.717 0.652 0.818 0.416
2009 0.629 1.353 0.570 1.099 0.533
2010 0.476 1.014 0.859 0.968 0.401
2011 0.703 1.083 0.770 0.763 0.447
2012 0.447 0.889 1.045 0.810 0.336
2013 0.460 1.214 0.874 0.732 0.358
2014 0.849 0.466 0.754 0.980 0.293
2015 0.625 0.983 0.802 0.904 0.446

m 0.630 1.039 0.772 0.864 0.397

This scenario represents the innovation-related profitability gain of middling
collaborating firms over outperforming non-collaborating firms. Firstly, we observe
that in scenario 4 the representative average collaborating firm is, in average,
60% less profitable than the representative profitable non-collaborating firm for
the studied period, so only in this case we actually have a profitability loss or setback
rather than gain. This loss is mainly given by unfavourable gaps in technical efficiency,
size-scale effect and price recovery, for which the representative middling
collaborating firm is 37%, 23% and 14% below the representative outperforming non-
collaborating firm respectively. This loss, however, is also partially mitigated by a
favourable technology gap of nearly 4%, as in scenario 1, indicating that best practices
in the sector are more convenient for average collaborating firms.

6. Discussion and Conclusions

The original and main objective of this research was to assess the impact of
collaboration with university on the economic performance of firms, based on
evidence from firms of the chemicals industry in Spain. Three specific research
questions were formulated in order to understand the impact of UFC on firm financial
performance more broadly. We firstly recognised that conceptually the potential
economic benefits for firms from engaging in UFC should take place via innovation,
considering the motivations, types and impacts reviewed in section 2. Therefore, we
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firstly asked “how can firm innovation-related financial performance be
measured?” and developed a new business economics concept in order to answer it.
The innovation-related profitability of firms is based on the isolation of R&D an
innovation-related labour and capital costs used by firms to produce and sell
incrementally and radically innovative products, computing a revenues-costs ratio
(Grifell-Tatjé & Lovell, 2015) that allows comparison among firms of different size and
characteristics, as explained in section 3. Secondly, we asked “do collaborating and
non-collaborating firms have significant differences in terms of innovation-
related financial performance?” and proceeded to compute the innovation-related
profitability of collaborating and non-collaborating Spanish chemicals firms for the
period between 2005 and 2015. We primarily observed that, in average, the firm
financial innovation performance of collaborating firms was nearly 8% higher than the
one of non-collaborating firms. This behaviour could be observed virtually along the
whole studied period. A statistical parametric test let us confirm that such difference
in profitability was statistically significant.

The performance gap was estimated and decomposed using Empirical Index Numbers
and distance functions computed through Data Envelopment Analysis techniques,
using a set of inputs and outputs constructed with data from the Spanish community
innovation survey. We did so in order to answer our third and final research question
in which we asked “how does UFC help to create economic value at firms? does it
improve technology and managerial efficiency? and what is the profitability gain
associated to such improvements?”, decomposing the innovation related
profitability in four terms: 1) technical efficiency gap and technology gap, accounting
for changes in productivity between collaborating and non-collaborating firms, 2) size-
scale effect, reflecting on the changes in size and scale of operations between the two
groups, and 4) price recovery gap, reflecting on the changes in the prices of inputs and
outputs from the two groups. A set of representative observations were simulated. On
one side, middling representative firms were estimated for each group in each year
using the average of quantities and prices of inputs and outputs of all firms. On the
other hand, outperforming representative firms were estimated for each group in each
year using the average of quantities and prices of inputs and outputs of the firms from
the most profitable quartile. A benchmarking exercise was developed in order to
estimate and analyse the profitability gap and perform comparisons among these
representative firms from the collaborating and non-collaborating groups. A summary
of the benchmarking results is presented in Table 8.
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Table 8 - Summary of Benchmarking Results

Average Most Profitable
Collaborating Firms Collaborating Firms

Scenario 1 Scenario 3
+ Technical Efficiency + Technical Efficiency
Average + Technology (Best Practices) + Technology (Best Practices)
Non-Collaborating — Size-Scale Effect — Size-Scale Effect
Firms — Price Recovery + Price Recovery

+ Innovation-related Profitability + Innovation-related Profitability

Scenario 4 Scenario 2
— Technical Efficiency + Technical Efficiency
Most Profltab!e + Technology (Best Practices) + Technology (Best Practices)
Non-Co!Iaboratlng — Size-Scale Effect — Size-Scale Effect
Firms — Price Recovery + Price Recovery

- Innovation-related Profitability =+ Innovation-related Profitability

Our findings let us understand how these different components contribute either to
support or weaken the performance gain of collaborating over non-collaborating
firms. In 3 out of 4 scenarios we observed clear gains in innovation-related profitability
for collaborating firms with respect to non-collaborating. Only in the case of
comparing middling collaborating firms and outperforming non-collaborating firm we
observed a profitability setback, potentially indicating that wealthy firms that do not
collaborate with university might not be willing to start collaborating if they cannot
ensure a privileged position in terms of financial performance in the collaborating
group. We also found that there is a technology gain ranging between 4% and 17%
for collaborating firms over those that do not collaborate with university. This
technology, based on the best practices of each group, seems to be more advanced
for firms that collaborate with university. Furthermore, we observed that the
innovation-related profitability gain is mainly driven, and in a major extent, by
advantages in efficiency of collaborating over non-collaborating firms. On the other
hand, the size-scale effect play against collaborating firms in all scenarios. As
collaborating firms seem to be way larger in average for our sample, this could indicate
non-collaborating firms are in a growing phase in which they can take more advantage
of economies of scale, while larger collaborating firms find it more challenging.

In conclusion, provisional results show that firms that collaborate with university are in
average more profitable, performing higher sales of both incrementally and radically
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innovative products. However, collaborating firms also show significantly higher
innovation capital investments as well as higher R&D personnel unit costs. These
findings may indicate that firms that collaborate with university perform higher
innovative sales as the result of significantly higher efforts in terms of innovation-
related capital and personnel investments. Especially when compared to a
representative outperforming collaborating firm, a positive gain is clearly observed
with respect to non-collaborating firms. This gain from collaborating is given mainly
by advantages in technical efficiency and secondly by a more advanced technology.
The size-scale effect and the price recovery gap do not contribute positively to the
profitability gain. In brief, it is possible to say that collaborating firms are more
profitable given to their better performance in terms of productivity, and in general,
our evidence show that UFC is more likely to help to create economic value at firms.

6.1. Policy Implications

Industrial policy should bear in mind the potential gain from collaboration with
university in firms’ financial performance via technical efficiency and technology, which
could generate a positive effect in the sectorial industrial productivity. We dare to
suggest that regional innovation productivity could somehow be indirectly impacted
by UFC through the cumulative profitability gains generated by collaboration for
innovation with university at firm-level, and this hypothesis should motivate further
research on this issue. Consequently, regional innovation policies which currently
provide a key role to universities, could complement this approach with a wider focus
on the potential economic benefits of UFC on industry.

Furthermore, higher education policy could promote more incisively a boost in UFC
based on evidence like the one provided in this work. There is a great unexplored
potential for win-win relationships between firms and universities, in which
engagement in UFC from firms' perspective can be justified in economic terms
according to Friedman’'s and BRT's neoclassical view. Academia cannot fail in
communicating and sensitising managers and practitioners on the potential economic
benefits via innovation from collaboration with university, and through this article, we
contribute to broadening the understanding of the impact of UFC on firm performance
in economic terms and with empirical evidence.
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