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Abstract. This study reviews the literature on the effect of corporate scientists on firms’ innovation
activities. Traditionally, the scientist’s role in a firm is linked to the processes of generation and
absorption of scientific knowledge. However, a growing number of studies over the years show
that the scientist’s role in firm innovation processes is more extensive and that they contribute
to the development of successful new products, processes and services. However, there are no
comprehensive reviews of this literature. This paper fills the gap by providing a systematic review of
the empirical literature on the role of the corporate scientists in the innovation process by investigating:
(1) theoretical approaches used to evaluate the impact of scientists, (2) the importance for the
firm’s innovation activity of scientists’ heterogeneity, (3) those firm innovation activities over which
scientists exhibit more influence, (4) the variables moderating the effect of scientists and (5) research
implications for managers.
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1. Introduction

It is widely accepted that firms’ innovation activities have an important impact on economic development
and growth (Griliches, 1984; Adams, 1990). The contribution of human resources to these activities
has been analysed extensively in the literature because individuals are responsible for some of the
most important discoveries and are essential to initiating the innovation process (Maggitti et al., 2013;
Paruchuri and Awate, 2017). The types of firm employees involved in innovation activities are diverse
and the literature shows that this diversity has different impacts on firms’ innovation performance (Ding,
2011; Carnabuci and Operti, 2013; Subramanian et al., 2016; Mohammadi et al., 2017).

Corporate scientists are a particular group of employees who participate in the firm’s innovation
process. Traditionally, their role in the firm has been linked to the generation and absorption of new
knowledge (Herrera and Nieto, 2015). The seminal work of Allen (1977) portrays them as a specific
group of individuals who differ from other specialist employees (such as engineers) in terms of education
background, behaviour and social ties, particularly, in the context of Research and Development (R&D)
projects. A study by Gruber et al. (2013) examines these differences in more detail and shows that scientific
education provides a more abstract understanding of the technological problem-solving process, a working
knowledge of new technologies and greater capacity to understand, analyse and assimilate disparate pieces
of technological knowledge.
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Nonetheless, the study of scientists is particularly important due to their role in translating science into
new technologies. The links between science and innovation are clear (Cohen et al., 2002). Firms can
exploit scientific knowledge to develop important new products and processes and to improve their ability
to absorb external knowledge (Salter et al., 2015), which, however, can be difficult to access. According
to Bikard (2018, p. 819), the firm’s science-based innovation process ‘is complicated not only by the
tacit and complex nature of scientific knowledge but also by the fact that the scientific commons are vast,
fast-changing, and often unreliable’. Scientific knowledge does not reach the firm as an input that can be
used immediately in the innovation process; it requires the active participation of individuals with specific
knowledge, background and skills to absorb, translate and exploit it (Zucker et al., 1998; Lee et al.,
2010).

Due to their exposure to breakthrough scientific knowledge and market needs, scientists working in firms
are expected to play important roles in the process of transferring scientific knowledge to industry through
the accurate assessment of the implications of current research from a commercial perspective (Zellner,
2003) and taking an active role in the development of successful new products, processes and services
(Salter et al., 2015). Although the association between the firm’s intellectual capital and technological
performance has been acknowledged (Herrera et al., 2010), the finer aspects of how scientists contribute
to firms’ innovation activities need more research. The literature in this field analyses the contribution
made by ‘academic scientists’, in the context of firms’ cooperation with universities (Perkmann et al.,
2013) and academic entrepreneurship (Bercovitz and Feldman, 2008; Grimaldi et al., 2011; Bozeman
et al., 2013). Less attention has been paid to their contribution as firm employees or ‘corporate scientists’.
Distinguishing between academic and corporate scientists is important due to the different knowledge
production regimes in academia and industry (e.g. open versus closed science), the different incentive
structures to which these scientists respond (e.g. academic recognition versus economic incentives) and
the fact that academia is no longer the primary sector of employment for scientists (Herrera and Nieto,
2016).

There is a growing but highly fragmented strand of work analysing the role of corporate scientists,
which needs systematic review. Theoretical approaches differ and measures of firm innovation activities
are diverse, making it difficult to integrate the results of these studies. Consequently, how scientists
working in firms contribute to firm innovation and the factors influencing their contribution are unclear.
In this context, the objective of this analysis is to offer a critical review of the work analysing the
importance of corporate scientists to firms. The research question guiding our analysis is: what are the
effects of corporate scientists on firms’ innovation activities? We address this question by examining five
critical aspects of the research in this area: (1) the theoretical approaches used to evaluate the impact of
scientists on the firm’s innovation activity, (2) the importance of scientists’ heterogeneity in relation to
the firm’s innovation activity, (3) those aspects of firm innovation activity over which scientists have the
most influence, (4) the factors moderating scientists’ effects on the firm’s innovation activity and (5) the
implications for managers.

The review involved extensive searches of the abstracts of published, peer-reviewed articles included
in the ISI Web of Science. The search process adopts the methodology employed in Vivas and Barge-Gil
(2015). Searches were performed combining three categories of keywords. The first included keywords
referring to firms, such as: ‘firm*’, ‘enterprise*’, ‘private sector’, ‘industry*’, ‘SME’ and ‘company*’.
The second included keywords for scientists, such as: ‘scientist*’, ‘PhD’, ‘R&D researchers’ and
‘doctor*’. The third included keywords describing firms’ innovation activities, such as: ‘R&D’, ‘innovat*’,
‘patent®’, ‘new product’ and ‘innovative product’. The timespan chosen was ‘all years’. The search
string returned 6354 potential articles. After filtering by social science category, we obtained a total of
3440 articles for our analysis. We performed four search rounds between January 2017 and October
2018. To maintain the focus on scientists, we consider several criteria for the inclusion or exclusion
of the papers to be reviewed. Work analysing the contribution of human resources to firms’ innovation
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Figure 1. Articles Published by Year. For 2018, the Figure Shows the Number of Publications for January to
October Only. [Colour figure can be viewed at wileyonlinelibrary.com]

processes is extensive and scientists are a particular group of employees who tend to be included in the
R&D workforce category with no differentiation from other employees; hence, their analysis is more
difficult.

Since the present review focuses on ‘scientists’ effects on firms’, the articles reviewed need to provide
empirical evidence and be based on the firm as the unit of analysis, with the dependent variable or potential
outcome a measure of the firm’s innovation activity. The articles should include a measure of the scientific
workforce in the group of explanatory variables used, and test hypotheses or have a research objective
related to the firm’s innovation activity and corporate scientists.

After sorting the articles according to these criteria and verifying that the authors use the word ‘scientist’
in their hypotheses and research objectives, we obtained a sample of 40 articles. The review covers the
period 1998-2018. Figure 1 depicts annual publication frequency. Most of the articles were published
in the period 2009-2015. Table 1 presents the journals that published the articles which is of interest in
terms of the different research areas.

The Appendix presents the 40 articles considered in the analysis including: number of citations received,
their samples, data structure, data sources, methods, dependent and independent variables and hypotheses
or research objectives. The Appendix shows that 27 articles focus on the biotechnology and pharmaceutical
industries and only nine include firms from several sectors. As a result, knowledge about the role of
scientists in firms comes from the study of science-driven industries. The Appendix also shows that
19 articles analyse US firms with only eight using data from firms in European countries. The most
commonly exploited data are patent data.

The present study makes three important contributions. Firstly, it offers the first systematic review of
the role of corporate scientists in firms and provides a comprehensive picture of the influence of scientists
on firm innovation processes. Secondly, it contributes methodologically by outlining three critical aspects
that need to be accounted for when estimating scientists’ effects: scientists’ heterogeneity, the factors
moderating scientists’ effects and the endogeneity problem. Thirdly, it identifies aspects that are either
less well researched or are contested, providing scope for future research.

Journal of Economic Surveys (2020) Vol. 34, No. 1, pp. 109-153
© 2019 John Wiley & Sons Ltd.



112 HERRERA

Table 1. Number of Papers Published by Journals.
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The remainder of the paper is organized as follows. Section 2 presents the theoretical approaches
used for the literature review. Section 3 discusses the definition of scientist employed in the studies
and the strategies used to identify scientists among the group of human resources engaged in R&D
activities. Section 4 analyses the measures of firms’ innovation activities and some lessons learned.
Section 5 describes the main methodological approaches in the empirical evidence. Section 6 summarizes
the managerial implications and Section 7 offers some conclusions and recommendations for future
research.

2. Theoretical Background

The impact of scientists on firms’ innovation activity has been analysed using various theoretical lenses,
which makes it impossible to analyse all of them exhaustively. However, there are some more frequent
approaches and some that are used in combination with others to justify hypotheses and to highlight the
importance of scientists for firms’ innovation activities. These approaches include the resource-based
view, the knowledge-based view, the learning-by-hiring approach, the social network and social capital
perspectives and the national innovation system vision, among others. These approaches are described
below along with the basic premises of the sample studies.

In studies that adopt the resource-based view or the human capital perspective, scientists are considered
valuable firm resources (Deeds et al., 2000; Subramaniam and Youndt, 2005; Baba et al., 2009; Luo
et al., 2009). Their knowledge and capabilities are tacit, complex and firm-specific and, as a result, are
inimitable by rivals and can be the source of competitive advantage for their firms (Deeds et al., 2000).
Their knowledge and capabilities constitute scientific human capital, which is the product, also, of higher

Journal of Economic Surveys (2020) Vol. 34, No. 1, pp. 109-153
© 2019 John Wiley & Sons Ltd.



EFFECT OF CORPORATE SCIENTISTS 113

education and research training and the research experience acquired by the scientist in the course of his or
her career (Subramaniam and Youndt, 2005; Luo et al., 2009). The literature highlights the heterogeneous
characteristics of this human capital and empirical studies show that it has different components which
affect the firm’s innovation performance differently (Baba et al., 2009; Subramanian et al., 2013). In
general, studies that adopt these theoretical approaches assume that employees with better education and
longer experience will be more productive than comparable employees in the high-tech sectors (Kaiser
etal., 2018).

The hypotheses in the studies in this review also find justification in the ‘knowledge-based view’,
according to which the knowledge and skills of employees are a main determinant of the firm’s innovation
success (Tzabbar, 2009; Al-Laham et al., 2011). Successful innovation requires not only application of
the firm’s existing knowledge stock but also the capabilities to update and renew it by accessing new
knowledge using different mechanisms, which include recruitment of scientists (Tzabbar, 2009; Al-Laham
et al., 2011; Kaiser et al., 2018). In this context, corporate scientists play an important role based on their
in-depth understanding of scientific progress, which makes it more likely that firms will search for and
identify opportunities in academia that can be developed into commercial applications (Tegarden et al.,
2012).

Also, the extant literature relates scientists’ qualitative skills to the concept of ‘absorptive capacity’.
Scientists play an important role in the transfer and integration of knowledge, based on their abilities
to screen, interpret and assimilate external knowledge (Spithoven and Teirlinck, 2010). Several studies
in this vein analyse the role of scientists in the processes of knowledge transfer and the formation of
alliances (Furukawa and Goto, 2006a,b; Stuart et al., 2007; Luo et al., 2009).

Scientists’ contributions to firm innovation activities include their network contacts, as underlined in
studies that adopt social network and social capital perspectives (Luo et al., 2009). Almeida et al. (2011)
point out that firms are able to access external knowledge within the scientific communities to which
they belong. Scientists use these communities to develop links to scientists in other firms, universities
and research centres, and facilitate flows of knowledge between them. Luo et al. (2009) suggest that the
scientist’s human and social capital can be a signal of the firm’s quality in the industry. Thus, the presence
of scientists in the firm can signal to stakeholders that the venture has the technological capabilities needed
to operate in the market (Rao et al., 2008)

Finally, the study by Herrmann and Peine (2011) is notable in being the only work that compares two
groups of theoretical approaches in terms of the importance of different human resources qualifications for
firms’ innovation strategies. They study the literatures on varieties of capitalism and national innovation
systems. While the former argues that radical innovation requires employees with general skills because
they can adapt more easily to changes, the latter argues that advanced qualifications enable firms to pursue
more innovative strategies.

3. Scientists

This section presents the different types of scientists. Most studies fail to define scientists in terms of
educational background, research orientation and productivity.! However, they note that scientists, unlike
other firm employees, participate in the processes of generation and absorption of scientific knowledge.
This work also indicates that the scientific workforce is composed of individuals who participate actively in
the firm’s research activities, generate publications and patents and have higher education qualifications
such as doctoral degrees. To estimate the impact of scientists on firms’ innovation activities, several
studies consider different measures or dimensions of the scientific workforce. For example, the more
basic measures range from number of PhDs as a percentage of total employees (Luo et al., 2009) or
number of inventors listed on patents (Sapsalis et al., 2006), to more refined measures that focus on
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scientists’ characteristics (Tzabbar, 2009; Tzabbar et al., 2013). The large number of methods employed
by these studies to identify scientists is revealing of the numerous sources of heterogeneity among
scientists who need to be considered when analysing their role in firms. In what follows, we discuss the
sources of heterogeneity identified in the course of the review, which are related to the type of relations
the scientists maintain with their firms, their productivity levels and research orientations, their roles in
management activities and the types of knowledge they embody.

3.1 Scientist’s Links to the Firm

One of the most challenging sources of heterogeneity is the scientist’s links to the firm. A significant
number of studies use the affiliation information on publications or patents to identify corporate scientists
(Zucker et al., 1998; Gittelman and Kogut, 2003; Sapsalis et al., 2006; Subramanian, 2012). In the science-
based sectors, such as biotechnology (the most frequently analysed sector), this is problematic because
it is not always possible to establish the degree of a scientist’s participation in the firm’s activities.
Zucker et al. (1998), based on the responses to a telephone survey, find that scientists can be linked
to the firm in several different ways: through exclusive direct employment, full or part-ownership,
exclusive and non-exclusive consulting contracts and chairing roles. The authors found that most scientists
‘choose to retain their university positions, even when employed full-time by a firm’ (Zucker et al. 1998,
p. 69). Exclusive high-level involvement in firms’ research activities could lead to different innovation
performance compared to with low level or partial involvement. Zucker et al. (1998, 2002) classify
scientists as affiliated, linked or not tied to firms, in order to analyse the impact of their involvement in
the firm’s research efforts. These studies show that linked scientists (those who are unaffiliated to the
firm, but have co-authors who are firm employees) and affiliated scientists might have different impacts
depending on the type of innovation activity considered. For example, the presence of an affiliated star
scientist increases the number of product innovations, while unaffiliated scientists reduce it (Zucker et al.,
1998).

3.2 Scientist’s Position in the Firm

Studies also show that the scientist’s position in the firm is another source of heterogeneity. They include
analyses of scientists occupying positions such as chief executive officer (McMillan and Thomas, 2005),
founding team member (Ding, 2011) and board member (Rao et al., 2008; Swift, 2018). According to
Ding (2011), scientists in top management positions may develop more favourable perceptions of research
activities; he notes that, during their doctoral training, scientists acquire or develop a science-oriented
cognitive structure that can affect how a scientific manager processes information when making decisions.
This finding, combined with the fact that scientists have been exposed to the norms of science and may
have better access to and understanding of new disclosures, has important repercussions for a wide range
of firm activities (Rao er al., 2008; Almeida ef al., 2011). In addition, some studies show that the research
activities of firms with scientists in top management positions are awarded scientific legitimacy. Rao et al.
(2008) show that a high ratio of scientists on the firm’s board conveys to stakeholders that the firm has
the capabilities to produce successful innovation.

3.3 Scientists’ Entry and Exit Positions in Firms

The impact of scientists has also been analysed from the perspective of their entry and exit positions in the
firm. Because most of the knowledge underlying breakthroughs is embedded in individuals, scientists’
mobility is important. Scientists are seen as effective mechanisms for knowledge transfer and drivers
of changes to organizational capabilities (Lacetera et al., 2004). Kaiser et al. (2015) present empirical
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evidence supporting the idea that scientists’ mobility is related to a significant increase in the total
inventions of both the previous and the new employer. From the point of view of new hirings, the
evidence shows that new recruits have potential effects on the firm’s innovation activities. However,
these effects differ depending on the scientist’s provenance (Rosenkopf and Almeida, 2003; Lacetera
et al., 2004; Al-Laham et al., 2011) or type of their embedded knowledge (Tzabbar, 2009; Tzabbar
et al., 2013). In the case of scientists’ exits from firms, it has been argued that departures represent the
migration of critical knowledge that can affect both exploitation and exploration activities (Tzabbar
and Kehoe, 2014) and also the inputs and outputs of the innovation process (Kim and Marschke,
2005).

3.4 Scientific Productivity

Studies show that scientific productivity is another source of differentiation among scientists. It has been
argued that star scientists, that is, those with both more productive and more influential behaviours,
produce more innovative outputs (Cockburn and Henderson, 1998; Rothaermel and Hess, 2007; Hess
and Rothaermel, 2011). Star scientists not only make important scientific contributions but also occupy
strategic positions in their social and academic networks (Almeida et al., 2011; Subramanian et al., 2013).
Such scientists are identified using several strategies, which introduce other scientist types (for a review,
see Subramanian et al., 2013; Han and Niosi, 2016). However, stars, generally, are defined as researchers
who publish widely and whose articles are cited frequently. A small group of studies use other criteria,
such as scientists’ publications reporting gene-sequence discovery (Zucker et al., 1998, 2002) or patents
(Baba et al., 2009), to identify stars. As a result of these different identification strategies, some studies
analyse the impact of both star and non-star scientists and find that their roles in firms’ innovation activities
are different (Rothaermel and Hess, 2007; Hess and Rothaermel, 2011). Star scientists are visionaries in
discovery tasks, while non-star scientists are more active in the development of products (Rothaermel and
Hess, 2007).

3.5 Scientists’ Ties

The study by Grigoriou and Rothaermel (2014) goes beyond individual productivity and offers a
more societal vision of human capital engaged in knowledge-generating activities. They propose the
concept of ‘relational stars’, who are individuals who are both strong knowledge producers and form,
maintain and manage intra-firm networks (in other words, collaborative outliers). The study identifies
two types of relational stars: integrators (individuals with extensive network collaborative ties) and
connectors (individual whose collaborative ties span firms’ knowledge networks and link the firm to
distant knowledge clusters). They find that relational stars show patterns of collaborative behaviour that
increase organizational capabilities and generate more high-quality inventions.

3.6 Scientists’ Research Orientations

There is a literature stream that analyses the impact of scientists, building on Stokes’s (1997) research,
and classifies scientists into different categories based on whether they are involved in fundamental or
applied knowledge (see Baba et al., 2009; Subramanian et al., 2013). These scientist typologies include
star scientists (engaged in fundamental research), Edison scientists (engaged in applied research) and
Pasteur scientists (involved in numerous patent applications and high-quality scientific papers). The
studies by Gittelman and Kogut (2003) and Subramanian et al. (2013) focus on the corporate scientists’
heterogeneity and propose the concept of ‘bridging scientist’ to capture the effect of scientists who engage
in both publishing and patenting and contribute to transforming scientific knowledge into inventions within
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organizations. Subramanian et al. (2013) build on Stokes’s research and classify bridging scientists as
Pasteur bridging scientists (those with above average patenting and publication records), Edison bridging
scientists (those with good patenting records, but below average publications records) and other bridging
scientists (those with lower-than-average patenting activity). The results of this study show different
effects on firms’ innovation activities. For example, Pasteur bridging scientists help to reduce the firm’s
dependence on external knowledge, while Edison bridging scientists, compared to other scientists within
the firm, have a positive and significant impact on the firm’s innovation performance.

3.7 Scientists’ Knowledge

The type of embedded knowledge is another source of heterogeneity that affects the firm’s innovation
output. Studies show that scientists differ in their knowledge diversity (Herrmann and Peine, 2011), their
different knowledge from the firm’s existing knowledge base (Tzabbar, 2009; Tzabbar et al., 2013) and
their knowledge-related experience (Kaiser et al., 2018).

Herrmann and Peine (2011) distinguish between heterogeneous and homogeneous scientific knowledge
to show that scientists’ knowledge diversity is a determinant of changes to the direction of the firm’s
innovation strategy. Based on the scientists’ different universities, disciplines and countries as indicators
of their knowledge diversity, the authors conclude that heterogeneous scientific knowledge facilitates
radical product innovation strategies, while homogeneous scientific knowledge is required for incremental
innovations.

Tzabbar (2009) and Tzabbar er al. (2013) add another knowledge dimension and argue that the
knowledge of newly hired scientists can be close to or more distant from the firm’s existing knowledge.
Using patents, the authors examine the technical positions of hiring firm and hired scientists. A
technologically distant scientist is an individual who possesses knowledge that is outside the firm’s
existing technological boundaries. These studies show that recruiting distant scientists increases the rate
of knowledge integration (Tzabbar et al., 2013) and the firm’s potential to explore new opportunities
(Tzabbar, 2009).

There is a body of work that focuses on the knowledge-related experience of scientists and its impact on
firms’ innovation output. Kaiser et al. (2018) analyse scientists’ previous university research experience
and scientists’ experience of working in technology active firms. This study shows that hiring scientists
with university experience has a greater effect on the firm’s innovation output than hiring scientists with
other types of experience. However, to obtain the maximum benefits from these scientists, the hiring firm
must have a university research-friendly culture.

4. Scientists’ Effects on firms’ Innovation Activities

It is clear that scientists play an important role in firms’ innovation activities. This can be concluded
from an analysis of scientists’ effects on certain dimensions of innovation activity, especially the
outputs of the innovation process. The use of outputs is frequent in the literature because indicators,
such as patents, allow researchers to follow the scientist’s experience in industry and identify certain
characteristics. In general, the innovation management literature considers scientists as belonging to
the firms” R&D personnel and does not distinguish between the scientific and non-scientific workforce.
One reason for this is that it is difficult to obtain relevant data. Scientists are human resources that
are not useful to all firms. Their specialized scientific backgrounds and skills make them suited to
working in science-based sectors and, in these sectors, access to detailed information on firm strategies is
limited.

To analyse the effect of scientists, the empirical evidence is grouped according to the variables used
to measure firm innovation activities. Other methods used to group the studies were discarded due to
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the broad range of objectives pursued by the researchers in the field. The following subsections present
the main results starting with the most frequent indicators of firms’ innovation activity. Most studies use
patents and new products to analyse scientists’ effects and, in a few cases, indicators of firm innovation
strategies.

4.1 Lessons Learned from Use of Patent Measures

Sixty per cent of the studies analysed use of patents to measure firm innovation performance (see
the Appendix). Patenting is oriented towards the generation of practical and appropriate applications
of technologies in the high-tech sectors and allows researchers to follow the paper trails of other
scientists (Almeida et al., 2011). Patents provide information on the number of scientists involved in
the innovation activity, the scientific knowledge used by the firm, the firm’s alliances, its decisions related
to its technological positioning, etc. Studies show that scientists not only affect the firm’s probability of
applying for a patent but also the number and importance of the patents.

4.1.1 Number of Patents

Focusing on the group of studies analysing the impact of scientists on the number of patents, the evidence
is inconclusive and most of this work primarily analyses the role of star scientists (those with high levels
of productivity). The importance of stars in this research field derives from two facts: (1) they have tacit
knowledge which is important for successful innovation and (2) they receive a large proportion of the
organizational resources to support their research. As a result, they exert disproportionate influence over
a firm’s research direction (Kehoe and Tzabbar, 2015). Despite the prominent role of star scientists, in
general, the idea prevails that their presence in firms does not increase the number of the firm’s patents
(Furukawa and Goto, 2006a; Rothaermel and Hess, 2007; Baba et al., 2009). Furukawa and Goto (2006a,b)
find that firms employing scientists who publish numerous academic papers and whose papers are cited
frequently do not apply for a larger number of patents. However, some studies identify a marginal effect
of star scientists. Zucker et al. (2002) find that firms whose scientists collaborate with stars apply for
more patents and have more highly cited patents, and Furukawa and Goto (2006a) find that stars promote
patenting by their co-authors in the firm. These results suggest that the presence of a star scientist in
the firm is not a sufficient guarantee of successful innovation and firms that want to take advantage of
star scientists should implement mechanisms that promote collaboration and interaction among scientists
with different types of knowledge and skills (Baba et al., 2009). The study by Almeida ez al. (2011) sheds
more light on the importance of connectivity among scientists and shows that individual (often informal)
collaborations contribute to enhancing the firm’s innovative capabilities. Along similar lines, Guler and
Nerkar (2012) show that local cohesion among scientists in closely co-located firms enhances creativity
and innovative outcomes.

4.1.2 Patent Citations

The impact of scientists on the number of forward patent citations has also been analysed. Forward
citations refer to the number of times a patent is cited in subsequent patents (Gittelman and Kogut,
2003) and they are seen as correlated to the technological importance and economic value of the patent
(Subramanian et al., 2013). Several authors use forward patent citations to measure the firm’s innovative
productivity and to track inter-firm knowledge flows and inter-firm scientist mobility. Also, studies using
citations as a measure of productivity show a positive effect of scientists (Zucker et al., 2002; Gittelman
and Kogut, 2003; Sapsalis et al., 2006; Subramanian et al., 2013). Kehoe and Tzabbar (2015) find that,
on average, the innovation productivity of firms employing star scientists is 71% higher compared to
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firms with no star scientist employees. Sapsalis et al. (2006), based on a comparison among the values
of corporate and academic patents, conclude that the value of the firm’s patents increases with a higher
number of inventors and when they rely on their own scientific publications. Gittelman and Kogut (2003)
find a positive effect on patent value of scientists who bridge discovery and innovation? and suggest
that they may perform the important function of identifying and applying scientific research useful for
business purposes.

Some studies use citations to track firms’ decisions and produce some interesting results. Hess and
Rothaermel (2011) analyse recruitment of scientists and R&D alliances as mechanisms to obtain upstream
knowledge and find that they are substitutes when predicting citation-weighted patents. Rosenkopf and
Almeida (2003) provide a table of citations to the patents of other firms, where each citation is treated as
one instance of the focal firm drawing on the knowledge of the cited firm. Their results show that inventor
mobility facilitates inter-firm knowledge flows and that the effectiveness of inventor mobility increases
with technological distance.

4.1.3 General Information from Patents

Patents have also been used to show the impact of scientists on firms’ strategic decisions related to the type
of innovation pursued, firms’ technological positions and the exploration versus exploitation knowledge
dilemma. There are four important implications of use of patent information. Firstly, the heterogeneity
of scientists has significant effects on the kinds of exploratory innovative outcomes pursued by the firm.
Subramanian (2012) analyses the impact of scientists on recombinatory innovation (i.e. the extent to
which patents issued to focal firms recombine ideas from patents from diverse classes) versus pioneering
innovation (i.e. the proportion of patents issued to focal firms with no citations to prior patents). Her
study reveals that both bridging scientists and pure inventors have a positive effect on recombinatory and
pioneering innovation. Despite the fact that a strong background in applied knowledge is a key competence
for non-pioneering innovation, her results reveal that scientific competence plays an important role when
firms undertake the process of technological recombination.

Secondly, the recruitment of scientists increases the firm’s likelihood of combining knowledge from
outside its existing technological boundaries, that is, technological repositioning. Tzabbar (2009) estimates
the degree of technological repositioning by comparing the firm’s technological position before the patent
application, to its position after application. His study reveals that recruitment of distant scientists results
in significant technological repositioning of the hiring firm. However, the firm’s potential to explore
further is limited to the extent that its productivity depends on the number of incumbent star scientists.
Also, the results in Hohberger et al. (2015) support the idea that the collaborations of individual scientists
across organizations provide firms with knowledge that can help to redirect their decisions and reorient
their innovation activity towards emerging areas.

Thirdly, scientists contribute to the firm’s knowledge integration process. Tzabbar et al. (2013) use
patent citations data to show that knowledge integration occurs when the hiring firm’s patent cites both
its own patents and those of its hired scientists. The results show that the recruitment of scientists with
distant knowledge speeds up knowledge integration.

Fourthly, the turnover of star scientists disrupts innovation routines in firms and increases their
propensity to undertake exploration activities. Tzabbar and Kehoe (2014) operationalize exploration
as the ratio of the number of patent applications in unfamiliar technological classes to the number of total
patent class applications in a period, and exploitation as the ratio of the firm’s citations to its own patents
over all citations made by the firm in a specific period. Their results show that the departure of a star
scientist who was responsible for maintaining collaborations with colleagues in the firm has a negative
effect on exploitation activities and a positive effect on exploration, compared to the departure of other
star scientists.
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4.2 Lessons Obtained from Product Measures

Other innovative outputs used in studies estimating the effect of scientists include firm products, which,
unlike patents, capture the economic impact of inventive activity (Zucker et al., 1998). Because the
effect of scientists is analysed mainly in the context of science-based sectors, such as pharmaceuticals
or biotechnology, these studies use the number of products in development (e.g. the number of products
that a firm has in regulatory trials) and the number of products on the market. In general, these works
show a positive relationship between the firm’s new product development and the scientific workforce
(Deeds et al., 2000). However, some studies note that the rate of new products increases with the quality
of the firm’s scientific team (Deeds et al., 2000) and the collaborations that the firm’s scientists maintain
with academic star scientists via co-authoring of academic papers (Zucker et al., 1998, 2002). There
are two studies that go further and explore the effect of scientists on the firm’s decisions about the
technology employed to obtain new products and the product-market strategy. For instance, Tegarden
et al. (2012) analyse the impact of scientists on the firm’s ability to offer an extensive range of products
embodying the same technology (exploitation via greater product scope) and the number of times
that a firm offers pioneering products which embody emerging technologies (exploration via product
pioneering). The results reveal a positive relationship between the publishing activity of scientists, and
the firms’ commercial exploitation and exploration of an emerging technology. The study concludes that
firms whose products rely on emerging technologies need to develop the ability to search and identify new
opportunities, and scientists provide a means to connect with the communities where these opportunities
are likely to be found. Also, Herrmann and Peine (2011) show that radical product innovation strategies
are facilitated by scientists with heterogeneous knowledge backgrounds, whereas incremental product
innovation strategies benefit from scientists with homogeneous knowledge. Their results reveal that firms
that combine adequate levels of scientific knowledge and skills are exponentially more successful at
achieving radical innovation.

4.3 Lessons Obtained from Organizational Strategic Measures

There are numerous studies examining how scientists shape the organizational strategies of firms. The
evidence focuses mainly on strategic alliances and the adoption of science-driven strategies. In the first
case, the presence of scientists in the firm increases the number of alliances (Stuart et al., 2007; Luo et al.,
2009; Spithoven and Teirlinck, 2010; Teirlinck and Spithoven, 2013). This is because scientists are critical
for integrating different and diffuse knowledge sources (Hess and Rothaermel, 2011); they connect firms
to the producers of scientific knowledge (Subramaniam and Youndt, 2005) and attract research partners
by signalling organizational legitimacy (expert personnel managing R&D), which reduces the potential
partner’s evaluative uncertainties (Luo et al., 2009). There is also evidence that scientists are especially
useful in alliances aimed at the creation of new knowledge or the exchange of knowledge. Spithoven and
Teirlinck (2010) show that a high level of education (such as a PhD) among R&D personnel is important
for promoting alliances. In the science-based industries, such as biotechnology, this role is crucial for
attracting partners, especially if firms are located outside of the main industry network or are not well
connected (Luo et al., 2009). In addition, scientists play an important role for firms that need access to
knowledge located outside national borders.

Some studies analyse scientists’ effects on firms’ adoption of strategies for using science in the
innovation process (Lacetera et al., 2004; Ding, 2011). Scientific exploratory activities are important for
firms since science establishes the principles that guide the discovery process in research, enables the
generation of novel elements to be used in the solutions to technological problems and enhances the ability
of firms to absorb external knowledge by creating awareness of external discoveries (Lowe and Veloso,
2015). Ding (2011) points to the several benefits associated with use of science by firms, which include
increased capability to absorb public sector research and attraction of high-quality human resources.
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In this context, Lacetera et al.’s (2004) study shows that the recruitment of scientists had a significant
relationship to the adoption of science-driven research in the pharmaceutical industry during the 1980s
and early 1990s, and to the changes experienced by firms in relation to their internal organizational
capabilities. In the biotechnology context, Ding (2011) shows that these changes can lead firms to adopt
an open-science strategy. In his study, the presence of doctoral graduate founders increases the firm’s
count of research paper publications in ISI-indexed scientific journals.

5. Methodological Issues

5.1 Data

Most empirical work on the effect of scientists on firms’ innovation activity focuses on science-driven
sectors. The biotechnology industry seems to be the most frequently analysed industry, followed by
pharmaceuticals, advanced materials and semiconductors.

Biotechnology firms are chosen specifically for their genesis in university labs and, unsurprisingly, many
of them employ scientists (McMillan and Tomas, 2005). At the end of the 1990s and the beginning of 2000,
the biotechnology industry became of interest because its knowledge base was emerging and represented
a confluence of diverse disciplines (Deeds et al., 2000). In addition, this industry has been identified as
having a high propensity to patent and publish and to build alliances (Tzabbar, 2009; Subramanian et al.,
2013). The wide use of patents and publications in this industry has provided researchers with systematic
records of innovation activities (Rosenkopf and Almeida, 2003).

According to Luo et al. (2009), the recruitment of a relatively high percentage of individuals with
advanced education and training has become a hallmark of the science-based industries and, as a result,
they are suitable subjects for an analysis of the role of the scientific workforce. It has been noted
that firms in these industries present characteristics that demand highly qualified human resources. For
example, technology-based firms need to demonstrate their scientific competence to generate high-quality
innovations and also need to rely on networking due to the highly differentiated and specialized knowledge
on which they rely. Other reasons to focus on the science-driven industries rely on the fact that, often, the
most important innovations in these industries come from R&D collaborations between universities and
firms (Baba et al., 2009). Gittelman and Kogut (2003) suggest that biotechnology firms act as vehicles
for the private appropriation of knowledge produced in universities and its transfer to the market. For
these reasons, few studies analyse the effect of scientists in different industries (Kim and Marschke,
2005; Criscuolo et al., 2014; Kaiser et al., 2015; Salter et al., 2015) or include firms in the service sector
(Spithoven and Teirlinck, 2010; Teirlinck and Spithoven, 2013).

The Appendix provides detailed information on the sources of data, the sample and the data structure
of the studies analysed. In general, work on the science-driven industries is based on small samples of
firms which makes it difficult to generalize about the effects of scientists. Consequently, the results should
be interpreted in terms of the context in which the firms operate. In the case of data sources and data
structure, the review shows that studies in this field use more than one data source. Information on patents
and scientific publications are the most frequent sources, with a few studies based on private surveys.
Panel and cross-sectional data are used equally, with a few studies using event history data.

5.2 Empirical Models

In general, the functional forms of the empirical models include a dependent variable to measure the firm’s
innovation activity or R&D strategy, an independent variable for the presence of scientists or scientific
workforce activity, and a vector of the explanatory variables which includes firms’ characteristics,
scientists’ characteristics and the interaction terms. Studies in this area present important differences
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regarding data structure and analytical methodologies, which makes it impossible to undertake an
exhaustive analysis of all of them. However, controls for endogeneity and analysis of the interaction
terms are found in many studies.

5.2.1 Endogeneity

One of several difficulties related to empirical analysis in this area is identification of causal effects.
Although many studies include robustness tests, the results remain subject to some endogeneity concerns
which do not allow authors to make strong causal claims. Therefore, many studies establish only statistical
associations between scientists and firms’ innovation activity (see the Appendix). However, there is an
important strand of work which does tackle the endogeneity problem. The basic premise is that a positive
correlation between the presence of scientists in the firm and a change in the firm’s innovation activities
does not necessarily imply that the former causes the latter. Lacetera et al. (2004, p. 135) properly explain
the endogeneity problem in this research field:

It may be the case, for example, that the adoption of a new strategy leads simultaneously both to a
deliberate investment in new organisational processes and routines and to the decision to hire new
people with new skills. Firms which have adopted such a strategy will ‘select into’ hiring new people,
with the result that both hiring rates and organizational capabilities may change, without hiring having
caused the change in organisational capabilities.

Some studies also point out that the employment of scientists might be endogenous if correlated
to unobservable effects which influence change, such as unobserved firm quality or firm competence
(Tzabbar, 2009) and unobserved characteristics of R&D projects (Tzabbar et al., 2013). These studies use
different strategies to address potential endogeneity, including instrumental variables (IVs) (Lacetera e al.,
2004; Kim and Marschke, 2005; Kaiser et al., 2015), two-stage Heckman selection process (Rao et al.,
2008; Tzabbar, 2009; Tzabbar and Kehoe, 2014; Kehoe and Tzabbar, 2015), lagged variables (Rothaermel
and Hess, 2007; Almeida et al., 2011) and additional sensitivity analyses (Kim and Marschke, 2005). The
Appendix describes the different identification strategies used to separate causal effects from statistical
association in each of the studies analysed.

Addressing endogeneity problems raises two issues for future research in this area. Firstly, identifying
the variables influencing the presence of corporate scientists in the firm. To our knowledge, there are no
theoretical approaches to guide the selection of these variables (Herrera and Nieto, 2015). In general,
most papers use indicators of the firm’s technological behaviour to explain the recruitment of scientists
(Tzabbar, 2009; Kehoe and Tzabbar, 2015). The reason for this choice of variables is that firms with high
levels of innovation performance attract more scientists. Other potential factors related to firm strategies,
leadership, management of human resources or public policies are ignored. As a result, future research
should increase our knowledge about the factors that influence firms’ decisions related to recruiting
scientists. The second issue is linked to the selection of appropriate IVs. Valid instruments must be
correlated to the endogenous variable (scientific workforce), but not related to the dependent variable (an
indicator of the firm’s innovation activity) in the model. Achieving this is not easy because, in many cases,
the presence of scientists in firms is linked closely to the firm’s innovation behaviour. To address this,
several papers employ variables for the quality or quantity of PhD programmes in science or the features
of the scientist job market (Lacetera et al., 2004; Kim and Marschke, 2005; Swift, 2018). Some authors
argue that these variables could influence demand for or supply of scientific workforce, but not the firm’s
innovation strategy (Lacetera et al., 2004). Future studies should extent some more recent studies which
analyse the mobility on or the labour market for highly trained employees, in order to select appropriate
instruments.
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5.2.2 Contingent Factors

The interaction terms are included to explore whether the impact of scientists on firms’ innovation activities
is direct or is moderated by factors related to the scientists’ individual characteristics and positions in the
firm, or firm characteristics. A summary of these factors is presented below.

1. Orientation of scientists’ human capital: Interactions with individual characteristics highlight the
heterogeneous characteristics of the scientific workforce and their importance. Several studies
analyse the effect that produces the interactions among different types of scientists, classified
according to their research orientation (Subramanian, 2012) or productivity (Rothaermel and Hess,
2007).

2. Scientists’ positions in firms and the social interdependence associated with these positions: Kehoe
and Tzabbar (2015) point out that scientists with high levels of power in firms (such as star scientists)
may influence other scientists’ opportunities for innovative production and leadership. Their analysis
demonstrates that the breadth of stars’ expertise and their collaboration with colleagues are
determinants of their effects on the firms’ innovative outcomes.

3. Firms’ involvement in alliances: Some studies analyse whether the interaction between recruitment
of scientists and firms’ alliances influences innovation activity. In general, the interest in this
interaction is emphasized by the fact that firms use both recruitment and alliances to access new
knowledge, and these mechanisms can be substitutes or complements. Rothaermel and Hess (2007)
and Hess and Rothaermel (2011) found that the simultaneous pursuit of these mechanisms results in
a marginal decrease in the firm’s innovative performance. From another perspective, Subramanian
et al. (2013) show that the firm’s innovation activity depends on the composition of its human capital
and how that human capital interacts with external R&D alliances.

4. The level of connectivity of firms or their network position: Luo et al. (2009) present arguments
to show that the impact of scientists on alliance formation depends on whether the scientists work
for less-connected or well-connected firms. Considering that scientists play both productive and
legitimating roles, which can be useful for attracting partners, we expect a stronger effect of scientists
in less-connected firms. However, in industries, such as biotechnology and other science-based
fields, where collaboration becomes institutionalized over time, the value of the signal provided by
scientists declines. In this context, Luo et al. (2009) analyse the interaction between the presence
of scientists in firms and the low-centrality measure of firms and industry partnership norms.

5. The organizational environment: The basic premise for including interactions between scientists’
presence and the organizational environment is that the environment constrains the choice of
organizational strategies, especially if they are linked to innovation. Ding (2011) analyses how
the interaction between scientists in the firm’s founder group and the technological and institutional
environments influences the firm’s choice of organizational strategy (e.g. implementing an open-
science policy). The study demonstrates that scientists may counterbalance the effect of the
organizational environment because firms with scientist founders are less deterred by a high-
risk technological environment in the pursuit of an open-science strategy. The organizational
environment is also important in situations where scientists attempt to achieve greater autonomy to
pursue their ideas. Criscuolo et al. (2014) show that these individual efforts tend to be successful in
high-performance work settings and in the presence of other individuals involved in similar efforts.

6. The motivation and ability of the firm to use the knowledge of newly hired scientists: Tzabbar (2009)
analyses the conditions in which the recruitment of scientists results in significant technological
repositioning of the hiring firms. The author presents arguments to show that the final impact of
scientists depends on the interaction between the number of distant scientists and two internal
contingencies associated with the firm’s ability to use the knowledge of newly hired scientists.
These contingencies are related to the power of the asymmetries that emerge from the distribution of
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innovative productivity among scientists and the breadth of the organization’s existing technological
knowledge. According to Tzabbar (2009, p. 874), the premises behind these interactions are twofold:

[1)] The more a firm’s existing technological knowledge is driven by one or a few ‘star’ scientists,
the less likely the firm is to significantly shift its technological position... [and 2)] ...recruiting
technologically distant scientists may have greater effects at moderate levels of technological breadth
than at very high or very low technological breadth.

Following the focus on internal contingencies, Tzabbar et al. (2013) analyse the moderating role of
the firm’s experience of recruiting scientists. The authors test the hypothesis that the rate of integration
of knowledge (dependent variable) from distant scientists is faster if firms have previous experience of
recruiting scientists. The results show that firms with more experience are able to exploit new sources of
information, more efficiently and more quickly, than firms with more limited experience.

6. Managerial Implications

Although the empirical analysis of the studies provides important information on the role of scientists
in firms’ innovation activities, only a few studies offer explicit managerial implications. Some of these
implications are summarized below.

Some studies recommend that managers put in place appropriate scientist-selection processes to ensure
that the knowledge and experience of the scientists matches the firm’s requirements (Baba et al., 2009;
Spithoven and Teirlinck, 2010). This match is important since it has been shown that scientists draw on
their educational background and experience to inform their business visions and that these visions affect
the firm’s strategies (Ding, 2011). In addition, the importance of the match between the specialized human
capital and the firm’s tasks has been highlighted (Deeds et al., 2000; Baba et al., 2009). For example,
Deeds et al. (2000, p. 225) note that firms with research scientists in their top management teams ‘are
wasting the time of these scientists on day to day management activities, rather than allowing them to
focus on their research’.

Several studies allude to the need to promote interactions among the scientists employed in the firm.
Furukawa and Goto (2006a) suggest that core scientists who represent innovation resources should not
be isolated from other researchers and employees because the interactions among them facilitate the
cross-fertilization of ideas, which increases the firm’s capability to be more innovative (Herrmann and
Peine, 2011; Guler and Nerkar, 2012).

Studies also offer recommendations about scientists’ involvement in scientific activities such as the
publication of papers and participation in academic meetings. According to Furukawa and Goto (2006a),
these activities should not be viewed as a means to fulfil these scientists. Rather, the scientists who publish
academic papers and are members of the academic research communities have an edge in the technology-
driven markets and facilitate the firm’s ability to commercialize emerging technologies (Tegarden et al.,
2012). The study by Criscuolo et al. (2014) also note that it is necessary for scientists to have a certain
level of autonomy to work on their own ideas without any formal organizational support. According
to them, undertaking non-programmed R&D activities helps scientists to develop innovations based
on exploration of unconventional directions and gives them time to develop embryonic ideas before
organizational assessment.

It has also been suggested that scientists’ knowledge search behaviours affect innovation outcomes.
Individuals with greater external search breadth (or openness) may be more innovative than those with
narrower contacts with external sources (Dahlander et al., 2016). However, as Salter et al. (2015) found,
there is a threshold to openness after which individual-level returns become negative due to the increasing
costs of managing diverse sets of external knowledge.
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Scientists also provide strategic benefits. Luo et al. (2009) emphasize the importance of scientists for
attracting partners. Their scientific activities can make the firm more attractive for alliances, and their
credentials can enhance the firm’s organizational legitimacy. Ding (2011) considers that the recruitment
of scientists is particularly important in the early stages of an industry and for less-connected firms.
However, some studies warn that firms that invest simultaneously in scientific human capital and R&D
alliances with universities may experience redundancy in their knowledge assets (Hess and Rothaermel,
2011; Subramanian et al., 2013).

Finally, the recruitment of scientists is recommended for firms with limited capabilities for generating
novel knowledge re-combinations and for young firms with insufficient resources to develop sophisticated
RD alliances. In the first case, Al-Laham et al. (2011) indicate that new scientists can shed light on
existing problems and increase the firm’s pool of knowledge and capabilities to explore beyond its
existing knowledge boundaries. In the second case, Tzabbar et al. (2013) note that the recruitment of
scientists is particularly useful in the case of young firms with neither the time nor the opportunities to
develop alliances or internal capabilities to integrate external knowledge. Recruitment of scientists allows
a faster impact on innovation than use of the R&D alliances.

7. Conclusions

This study presented a systematic review of the empirical literature analysing the effects of corporate
scientists on firms’ innovation activity. Although this review confirms that scientists are crucial for firms’
innovation activity and they play a critical role in the process of transfer scientific knowledge to industry,
we observe that the literature in this field has advanced little in the last years and faces some major
challenges. One of these issues is formulating the research questions in line with the new dynamics
driving use of science in the private sector. A strong focus on manufacturing firms and patenting seems
now to be outdated when considered against the advances in the use of science in the service industries or
non-traditional science-driven industries. In this context, this review has some important implications and
recommendations for future research. Firstly, the studies use different theoretical approaches to highlight
the importance of highly qualified human resources for firms’ innovation activity; however, they do not
result in useful assumptions to guide the evaluation of scientists’ effects. In general, the hypotheses
are supported by the empirical evidence and future research should focus on refining the theoretical
background supporting the relations being analysed.

Secondly, empirical evidence relating to the heterogeneity of scientists shows that different types
of scientists have different effects on firms’ innovation activities. The main sources of heterogeneity
analysed are scientific productivity and scientists’ preferences for publishing or patenting. Other sources
of heterogeneity are equally important, but remain rather unexplored. These sources are related to the link
between scientist’s background and the firm or the scientist’s position in the firm, which can be decisive
for understanding the role of scientists in firm decision-making. Future work could try to clarify the real
relationship between scientists and firms.

Thirdly, the effect of scientists is analysed in terms of innovative outcomes such as patents. This
limits our understanding of the role of scientists in the broader innovation process. Because patents are
an intermediate outcome, future research could adopt an upstream—downstream approach to identify
the critical roles played by scientists during the whole innovation process. Several innovation activities
emerge as interesting topics for research knowledge procurement, R&D investment, project orientation,
new methods to protect innovations (trademarks, designs, etc.) and the commercialization of scientific
knowledge. In addition, using the management innovation literature framework, future research could
analyse scientists’ effects on organizational performance. The studies reviewed highlight the importance
of aligning human capital to organizational resources and the social and technological structures of the
firm.
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Fourthly, the empirical evidence shows that there are several factors that moderate scientists’ effects on
firms’ innovation activity. This suggests that hiring scientists is a necessary, but not sufficient condition for
improved firm innovative performance. Future studies could deepen analysis of the factors that enhance
or limit scientists’ effects. In addition, because recruitment of scientists is seen as a mechanism to obtain
knowledge, it would be interesting to analyse whether recruitment complements or substitutes other
mechanisms employed by the firm. The studies reviewed analyse the interaction with alliances; however,
there are several other knowledge procurement mechanisms that could be investigated.

Fifthly, these studies emphasize the role of scientists in the biotechnology industry; consequently, the
results may be biased towards technological areas where knowledge is more easily patentable or where
there is a long tradition of publishing or patenting. Thus, studies of other sectors are needed to validate
the arguments related to the role played by scientists in firms’ innovation activity.

Finally, although some works offer some managerial implications, among the 40 studies analysed,
only one offers some implications for policymakers (Furukawa and Goto, 2006a). A strong academic
career orientation becomes problematic if academia is unable to absorb all the doctoral graduates;
industry is becoming a major source of employment for scientists (Herrera and Nieto, 2016). This
suggests the need for comprehensive policies to tackle the issues of scientists’ mobility to firms, scientific
knowledge transfer, adaptation of academic programmes to firms’ needs and networking between firms
and universities.
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Notes

1. Because thisis a first review of this literature, it does not focus on a definition of scientist. Allen’s (1977)
seminal work describes scientists as individuals whose education focused on the natural sciences and
distinguishes them from other employees such as engineers. However, as Gruber et al. (2013 p. 837)
point out, the differences highlighted by Allen ‘have not been considered in contemporary theorizing
about technological knowledge recombination processes and outcomes, nor they have been subject of
a large-scale empirical test’. In addition, these authors highlight that, nowadays, engineering curricula
have a major science content.

2. These are individuals named on a patent and at least 1 publication.
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