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Science to tackle global risk: Institutional mediation of avian influenza research
priorities
Matthew Wallace and Ismael Rafols
A central theme in science policy concerns how to direct public research resources for
tackling emerging global challenges, such as climate change, antibiotic resistance or rapidlyspreading disease. Faced with public pressure to produce “quick” and “useful” results, public
research must rapidly develop new programs or reallocate funds, while facing pressure to
ensure that the investments represent “value for money”. But pathways to tackle these
“grand challenges” are associated with high levels of uncertainty and disagreement among
stakeholders (Ely, van Zwanenberg & Stirling, 2014). Avian influenza is an interesting case
study in this respect, having been extensively studied as a public health issue, particularly in
terms of how dominant national and international institutions have had an impact on control
measures (Scoones, 2010). But very little is understood about the associated massive
research undertaking in particular. Yet for science policy scholars and practitioners, there is
value in taking stock of avian influenza research in order to understand how key stakeholders
view the problem itself, the overall research effort to “tackle” it, and the institutions that
dominate how new knowledge is produced and used.
When faced with a perceived serious risk of a global avian influenza pandemic beginning
around 2003, substantial research funding from a variety of different organizations was made
available to mitigate the risk of future global pandemic. Since then, avian influenza research
has flourished, but has become a highly contentious issue in science policy, with extensive
debates surrounding various types of research (the effectiveness of antivirals, the dangers of
“gain-of-function” experiments, etc.). A myriad of national and international institutions –
from scientific journals to public health authorities – have had a significant impact on how
research priorities are set and, more importantly, carried out (Laudel & Gläser, 2014). Based
on stakeholder interviews and scientometric analyses, our study sheds light on the gap
between the health policy expectations and public research on avian influenza and on the
role of different institutions in mediating or accentuating this gap.
First, we explore the divergences in narratives of “global risk” among stakeholders that
determines how they perceive mitigation as expected outcomes of research. In addition, we
reveal that the problem itself can be viewed in a myriad of ways: political, scientific,
technological, etc. These narratives expose inherent ambiguity in how “avian influenza” is
often defined as a single research problem. Second, we look at the often polarized
worldviews of the research enterprise related to avian influenza. We find strong divergences
in how the research enterprise is perceived: areas of influenza research (vaccine
development, epidemiology, etc.) cannot be reduced to a series of agreed-upon options for
possible resource allocation. In addition, stakeholders generally view the research landscape
in narrow terms and distinct areas of research are associated with strong normative views
(e.g., related to “rigor”). Overall, we show how it is problematic for stakeholders to link
research to outcomes and to explicitly assess possible research priorities.
To understand these challenges, we turn our attention to the institutional conditions that
dominate the undertaking of research in the area. In particular, we focus on the pressures
related to scholarly publishing, public funding mechanisms, mandates of public researchbased organizations and private-sector financing. Our findings point to systematic
institutional biases embedded in the avian influenza “research enterprise”. We show how
each of these pressures accentuates the gap between the expected outcomes and research
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(Nightingale & Scott, 2007). For instance, biomedical research seen as “excellent” or
“innovative” is often favored over studies focused on local epidemics that receive less
attention. Our work points to the need to revisit the governance of avian influenza research,
by “unraveling” the problem itself and moving towards a pluralistic approach to risk
mitigation. It also highlights problems related to coordination and dialogue among the most
influential organizations associated with avian influenza.
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Biology, Big Data, and International Security
Margaret Kosal
How do converging sciences and technologies − biology, the wider life sciences, and
information technology, analytics and big data − intersect with current and future geostrategic drivers in traditional security, including limiting proliferation of biological weapons
and preventing bioterrorism? This paper will examine potentially disruptive advances at the
intersection of big data and analytics within the life sciences. These advances are coming
from large universities and major industrial firms, from agriculture to software and small
start-ups - and are increasingly accessible to the public. What are the national and
international security implications of the application of big data analytics in the life sciences
to issues of bio-security and proliferation? What biological security risks, from traditional
state-based programs through non-state actors to lone-wolf terrorists, might be associated
with big data and analytics? What challenges and opportunities exist to prevent harmful uses
of big data in the life sciences? How can the US and international communities respond to
maximize beneficial outcomes and minimize malevolent uses? What national & international
biological security risk prevention and mitigation approaches are needed to address the
security risks posed? What capabilities could big data and analytics offer to national and
international biological security?
For the last decade, the US and other nations have been grappling with limiting the threat of
“Biotechnology in an Age of Terrorism,” (NAS National Research Council of the National
Academy of Sciences, National Academies Press, 2004). Threat anticipation as biotechnology
converges with information and communications technologies and cybersecurity through big
data analytics is needed that differentiates among basic research, applied research, advanced
development, and commercialization; incorporates innovation patterns; differentiates
different types of technologies; balances ‘hope’ and ‘horror’ hype narratives that emerge
from industry, the public sector, and other sources; integrates political, social, psychological,
and economic factors; and is technically robust but not technologically deterministic.
In order to begin to understand the potential threat at the intersection of big data and
biology, notional proliferation scenarios in which the use of big data analytics in combination
with biotechnology or other facet of the life sciences are intended to be used to do harm will
be considered. In order to present a fuller case and illustrate the dual use applications of
helpful and non-harmful purposes, corresponding benefit scenarios will also be included.
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To assess differential risk and threat from a capability like that potentially enabled by the
convergence of biotechnology with big data analytics, the material and non-material
characteristics need to be considered. One such framework is given in Scheme 1 below, in
which risk can be defined as a product of probability and consequence. The magnitude of
effects if a target is attacked is the consequence, whether in lives, economic costs, or other
effects. Probability is a function of the threat and the likelihood of a specific attack being
perpetrated against a target. In turn, threat is a measure of factors effecting actors in a
position to use the technology; it is a function of capability, vulnerability and motivation.
Scheme 1.
Threat = F [capability, vulnerability, motivation]
Probability = F [threat, likelihood]
Risk = Probability x Consequence
The three scenarios will present short vignettes of how the convergence of biology with big
data may enable new means (capabilities) to cause harm. For each, there is requirement for
significant access to materials and infrastructure, as well as a high level of both theoretical
and tacit knowledge required. For each, the United States and allies have significant
vulnerabilities. There certainly may be motivation by adversary states and non-state actors
to use weapons of such nature. Factors to be evaluated will include how likely the each
distinct threat is, which impacts the risk, is the crucial aspect, technical challenges and
operational limitations, whether done using traditional biological means or leveraging the
current capabilities of big data, and how the ability to use big data may decrease the time
and effort required to achieve scenarios. Underlying it all is the important question of
motivation as to why an adversary would choose to pursue such a route and when. Looking
forward into the future, as big data and biological science breakthroughs occur, these limits
on actors will change. Proper threat assessment walks the line between what is
probable/likely now, as well as what is reasonably realistic in the coming 10-15 years.

Contested Inputs for Scientific Research: Why Access to Biological Materials Is
Blocked
Eric Welch and Selim Louafi
Access to biological materials for research is a critical component of scientific research
undertaken in government, universities and industry in the United States and many other
countries. In the science policy literature, access to resources is recognized to be a key
rationale for research collaboration (Katz and Martin, 1997; Melin, 2000; Thorsteinsdottir,
2000; Beaver, 2001; Heinze and Kuhlman 2008; Wagner, 2005). Bozeman and Corley (2004)
show that scientists use collaboration strategies to enhance their ability to obtain resources
and van Rijnsoever et al. (2008) find that scientists strategically offer resources to others in
exchange for access to knowledge, visibility, reputation or other benefits that help them gain
competitive advantage.
Access to biological material is related to bioprospecting activities of seed, pharmaceutical
and cosmetic companies and has been subject to fierce global political debates over equity
and ownership since the early 1980s. These debates led to new regulations on biological
material exchange that affect access to biological material by the research sector. Despite
attempts to negotiate regulatory exemptions based on the need to increase knowledge about
biodiversity, the new regulatory requirements are affecting the ability of biologists,
geneticists and others to access research materials previously considered to be freely
available (Young et al., 2006; Rosegrant and Cline, 2003; Byerlee and Dubin, 2009; Cock et al.,
2010; Chakraborty and Newton, 2011).
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Researchers are increasingly required to negotiate access to material property with national
governments and their representatives, to acquire and use materials. Moreover, the
institutional controls are not uniform; they depend upon the ways in which individual
countries and national institutions interpret and implement the treaties, and the type of
biological organism of interest. For example, countries such as Brazil or the Philippines
enacted restrictive legislation to manage access and use of materials in response to the
Nagoya Protocol (NP) to the CBD. The US has strict national laws that control access and
exchange for biosecurity, ecological and phytosanitary reasons.
While some work has examined the role of material transfer agreements on exchange
(Rodriguez, 2007) and proprietary issues (Shibayama et al. 2012) prior work is either limited
in scope, generally assume that scientists are autonomous actors and have control over the
material resource they exchange and use, fail to recognize the range of potential institutional
constraints on access and use of materials, or have not looked at the effect of resource
constraints on collaboration or collaboration outcomes. In general, the science policy
literature has not effectively addressed the fundamental role that resource constraints play
on science collaboration and outputs.
In response, this paper aims to better understand the extent to which scientists are facing
constraints on access to biological material for research and the factors that predict events
of non-access to biological materials, which we call material exchange blockage or ‘blockage’
for short. We ask: To what extent are scientists experiencing constraints on access to
biological materials? What factors explain the blockage of the flow of biological materials for
scientific research? To what extent can blockage be attributed to regulatory institutions,
characteristics of the biological material, scientists’ attitudes or relationships among
suppliers and providers?
The paper makes use of survey data collected from agricultural scientists in industry,
government and universities in the US on access, exchange and use of non-plant biological
material inputs for research. It first develops a conceptual framework for understanding how
material, regulatory, compensation, relational and individual characteristics predict blockage
of biological material flows for research. Framework derived hypotheses are tested using
survey data on exchange and use of biological material inputs for research collected from a
national sample of scientists in the US. Findings show the value of the biological material is
strongly significant positive predictor of blockage. Monetary compensation is not associated
with blockage; however, non-monetary compensation is negatively related to blockage and
positively related to the value of the material for research. Regulatory constraints do not
directly constrain access. However, national regulatory barriers are indirectly associated with
blockage through the value of the biological material. Overall, the findings demonstrate that
access to biological materials is determined by a complex interaction among institutional,
material and individual behavioral factors. Conclusions discuss implications for policy related
to biological material access, exchange and use, and suggest future directions for research on
this topic.

New Generation Scientist’s View of Contentious Science
Aaron Levine
Scientific advances in diverse fields ranging from stem cell research to nanotechnology
increasingly pose challenging ethical questions. At the same time, efforts to strengthen the
competiveness of the science, technology, engineering and mathematics workforce are
viewed as crucial to maintaining the nation’s economy. Relatively little is known, however,
about how working in contentious fields shapes students’ experiences in graduate school and
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the development of their careers. This paper seeks to contribute to efforts that address this
gap in knowledge and advance our understanding of the frequency, severity and nature of
ethical controversy that doctoral students in the life sciences encounter associated with their
research. More generally, this effort aims to contribute to our understanding of how the
increasingly common contentious nature of modern science and technology may shape the
next generation of scientists.
Substantial research addresses research ethics from the perspective of research
integrity, focusing on issues such as falsification, fabrication, and plagiarism. These important
issues often go by the term “micro-ethics.” In this paper, we focus on a different, broader
set of issues – sometimes termed “macro-ethics” – that address questions about the use of
specific research tools, model organisms or even the appropriateness of entire lines of
scientific inquiry. In our analysis, we analyze novel data from the first wave of a nationally
representative panel survey of more than 2,000 doctoral students – primarily drawn from
fields in the life sciences – in the United States.
In particular, we examine two novel measures of ethical controversy in research –
personal and public ethical controversy – designed to assess whether doctoral students’
research raises ethical concerns for them personally or if they believe their research would
raise ethical concerns for the general public (if the public was aware of the research). For
each measure, we examine both the frequency of such ethical concerns as well as their
severity. In addition to descriptive statistics illustrating the frequency of these sorts of ethical
controversy, we also present regression analyses seeking to identify the predictors of ethical
controversy among life science doctoral students.
Overall, our results suggest that ethical controversy is an important contextual factor
affecting students’ experiences in graduate school. We conclude by discussing the
implications of these findings for STEM education.
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Infrastructure for research: theoretical foundations and national experiences
Patricia Gutti, Yamila Kababe and Florencia Pizzarulli
Several studies agree to point out that scientific and technological (S&amp;T) infrastructure
is a key aspect for the economic development. As part of the recognition of the importance
acquired by S&amp;T infrastructure for innovation systems and in order to obtain updated
information for the management and planning of future investments, since the 2000s, several
countries started a measurement process for public S&amp;T infrastructure. However, a
comprehensive analysis that allows the establishment of consensus on the subject of study
and forms of measurement has not been identified. Apart from that, it is widely recognized
that in Latin America one of the weaknesses of the innovation systems lays in the fragility of
S&amp;T infrastructure. In this context, the general purpose of this work is to analyze the
configuration of the Argentinean innovation system from the study of scientific and
technological infrastructure. The specific objectives are to analyze the conceptualization of
scientific and technological infrastructure, its role in the processes of knowledge
dissemination, the measurement methods and the strategies implemented for its
development.
The work methodology is based on a qualitative analysis of the theoretical contributions and
empirical experiences of Argentina, Brazil, European Union, Australia and India on programs
of policy and planning tools concerning scientific and technological infrastructure in order to
systematize, analyze and compare their general characteristics. The study is conducted
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basing on secondary data and primary sources of information are official documents,
consulting works, articles published in international journals and reports available on the
official sites of the public institutions involved. The work methodology is primarily qualitative
although quantitative data are also used to illustrate the Argentinean case.
Throughout the work, the scientific and technological infrastructure of Argentina is analyzed
in depth, presenting the state of affairs, the policies implemented in terms of investments
and the previous records in the field of measurement. As a result of this analysis, outstanding
progresses regarding investments destined to reverse the chronic deficits in scientific and
technological infrastructure have been observed. Nevertheless, shortcomings associated
with a poor institutionalization and planning of the implemented actions and a lack of
gathering and processing of information on the subject has been detected and, consequently,
its low contribution to the processes of diffusion of innovations of the user community. On
the side of international empirical experiences, the practices that assume specific features
regarding the history and nature of measurement works, types of planning tools and the
evolution of the proposed actions were surveyed, as well as the importance given to the issue
by the political actions and their contribution to knowledge dissemination.
Based on the Argentinean panorama on infrastructure developments for science and
technology and according to the analysis of international experiences of measurement
infrastructure, analytical findings regarding the experience of Argentina are presented, as
well as possible policy lessons oriented to strengthening the infrastructure of the innovation
system. In this line, we highlight the relevance of the retrospective measurement works
through the mapping of infrastructure and inventories of broad geographic and disciplinary
reach as effective tools aimed at the spread of technologies and investment assessment; the
creation of institutional systems with long-term planning practices that guide short-term
actions; as well as the creation of spaces oriented to the discussion and decision-making
through coordinated and participatory practices and under prospective work methods.

Impact of recent Higher Education Reforms on the Optimal Size of Operations in
German Universities
Torben Schubert and Guoliang Yang
1.Introduction. In this paper we analyze the impacts of the Higher Education Reforms
conducted in the 2000nds on the optimal size of universities in Germany. While the a large
share of the existing literature has provided evidence of increasing returns to scale, i.e. size
advantages, the generalizability of the results are limited because these analysis rely on crosssection analyses that implicitly take the institutional framework as given. In this paper we
argue that the higher education reforms in the 2000nds (in particular the Bologna reforms
and the vast array of NPM reforms) led to a decrease of the optimal size of universities. This
is because universities as loosely coupled systems find it hard to adapt to uniform and global
institutional change in the policy framework. Such change is can be more effectively catered
for through hierarchical and centralized approaches to governance, which are more likely to
exist in smaller universities. In order to derive our hypotheses we extend the concept of loose
coupling by merging it with concepts from the returns to scale literature. Using nonparametric efficiency estimation we test our hypotheses based on a panel data set on all
German universities from 2000-2011.
2.Theory outline. Loose coupling in a system means that different elements of a system have
either few variables in common or that these variables are weak. Such systems are usually
hard to steer by top down approaches because loose interdependence reduces the
effectiveness of control that can be exerted by central decision makers through power,
6

hierarchy, or the distribution of financial resources. Building on loose-coupling theory (Weick
1976, Orton and Weick 1990), we argue that loose coupling is not a dichotomous category
but may differ in its level between universities. While it is recognized that loose coupling can
be effective in supporting adaptation to local changes in the environment, strategic and
global environmental change is usually hampered because of the weakness of central
decision makers. We hypothesize that smaller universities were abler to adapt to the global
change implied by higher education reforms because they are expected to have lower costs
of adopting more management-oriented coordination processes. This effect should have
implied a decline in optimal size of universities.
3.Methods and results. In order to test this hypothesis we use a longitudinal dataset on
university inputs and outputs for German universities between the years 2000-2011. Based
on this dataset we estimate efficiency models that allow us to determine the universities’
Most Productive Scale Size (MPSS), which can be viewed as the measure of an individual
university’s optimal size of operation (Banker 1984, Banker and Thrall 1992, Cooper et al.
2007). We show that in the period between 2000 and 2011 there occurred an immense drop
in the MPSS over the sample period. While in 2000 the optimal average scale of operations
hovered around 30,000 in terms of students, which was more than the average number of
students per university (approximately 17,500) this number declined to only about 3,500 in
2011. When running model variants that focus either on teaching or on publication output
we are furthermore able to pinpoint that the drop almost exclusively related to teaching and
not to research activities and that this drop took place in 2002. Because this is precisely the
year of the implementation of the Bologna reforms, there is strong evidence that the impacts
can be traced to these reforms. Finally, we analyze the transmission mechanisms and show
that this drop has quite likely to do with the fact that larger universities had to increase their
administrative staff much more than smaller universities during the sample period, implying
that smaller universities were able to handle the new demands set by the new higher
education policies at lower organizational costs.
4.Conclusion. We provided evidence that the Bologna reforms have not only changed the
content and structure of teaching in higher education but have also changed optimal
organizational structures. In particular, while the literature on returns to scale in science has
emphasized the role of economies to scale arguing for larger universities, we provide
evidence that there are also liabilities to size that could stem from the decreased ability to
adapt to global change. The superiority of larger universities might therefore be quite
contingent on the specific circumstances, suggesting that extrapolation to the mainly
empirical results in the returns to scale literature to untested contexts might be problematic.
In particular, in times where the institutional settings change fast, large scale universities
might face severe adaptational disadvantages.

Science Policy Goals and the Impact of the German Excellence Initiative on the
German University and Research System
Torger Möller
1. Introduction
The German Excellence Initiative has had an impact on the national university and research
system for nearly ten years. The Institute for Research Information and Quality Assurance
(iFQ) has been conducting research on the German Excellence Initiative since 2007. The
research is based on multi-methodological approaches and contains different online surveys,
guided interviews and document analyses. This paper focuses on the findings of the current
bibliometric analysis.
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2. German Excellence Initiative
The German Excellence Initiative was launched in 2006 as a common funding program of the
German federal government and 16 state governments (total funding 4.6 billion €). The main
objective of the Excellence Initiative is to improve the international standing and
competitiveness of German universities. However, the Excellence Initiative’s focus on
competition concerns not only the global standing of the national university system. It also
pertains to their standing within German, enforcing competition between German
universities. It thus entails a fundamental change in German science policy: the shift from an
egalitarian to a competitive science policy approach, based the assumption that this will have
a positive effect on the German university system overall. Although the Excellence Initiative
is dedicated to the university system the funding program also addresses additional
collaborative aims.
Within the Excellence Initiative there are three funding lines: Graduate Schools, Clusters of
Excellence and Universities’ Future Concepts. In our approach we focus on the Clusters of
Excellence as the core research unit of the initiative which receives 60% of the total funding.
3. Methodology
For measuring the effects of the German Excellence Initiative we compare two time periods:
A pre-funding period (2003-2006) and a funding period (2008-2011). As some funded projects
started at the end of 2006, we assign 2006 to the pre-funding period. Since the last projects
funded in 2007 did not begin their work not until the end of the year, this year is considered
a transitional period and excluded from our analysis.
Funding Acknowledgements represent the most promising approach for evaluating thirdparty funding. First, we explore a sample of Cluster of Excellence publications to find out in
which terms the authors address the excellence cluster funding. Based on these findings an
elaborate search strategy for Cluster-specific funding acknowledgements has been
developed. 215 search variants were used to identify the publications of the 31 Clusters of
Excellence in engineering, natural and life sciences. A total of 6358 publications were found
with this strategy. The search procedure’s precision is 96%, but, as all false-positives
identified in the manual cleaning procedure are removed from the final corpus, we estimate
their actual precision with 100% (6116 publications).
4. Results
- Do Clusters of Excellence produce a high rate of excellent publications?
Following the Initiative’s main premise and label, we operationalize the measurement of its
outcome by using the bibliometric concept of highly cited publications. Citations are analyzed
within a three-year citation window. The question is whether the clusters predominantly
contribute to the top percentiles of the world’s highly cited papers. While in 2008-2011 only
14.3% of the publications from the German universities belong to the top 10% of the highly
cited papers, the Cluster of Excellence produced 25.9% of the highly cited papers.
- Did the Excellence Initiative succeed in strengthening the collaboration between universities
and the non-university sector?
Only 4.3% (2003-2006), respectively 5.2% (2008-2011) of the German university publications
are written in collaboration with the Max-Planck-Society, while 21.0% of the Cluster of
Excellence publications belong to the Max-Planck-Society, followed by the Helmholtz
Association (8.5%). While the collaboration shares of the non-university research
organizations in the Cluster of Excellence are well above the university average, the
conclusion is that the Excellence Initiative has effects on the strength of the collaborations
between both sectors.
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- Does the Excellence Initiative have a positive effects for the German university system
overall?
The starting point of this analysis is a cleaned dataset based on institutional addresses. The
results show that the universities which received the most Excellence funding have the
highest growth rate in degree of excellence and that nearly 75% of this growth can be
attributed to publications of the Clusters of Excellence. Moreover, there is a measurable
effect of the Cluster of Excellence for the whole university sector and the German science
system overall, showing that more than 50% of the increase in highly cited papers can be
attributed to the Clusters of Excellence.

Institutional Context and Growth of New Research Fields. Comparison between
State Universities in Germany and the United States
Thomas Heinze
The paper examines the capabilities of universities to rapidly build up and expand research
capacities in new and emerging scientific fields following major scientific breakthroughs.
Based on the Scanning Tunneling Microscope (STM), developed in 1982 (Nobel Prize in
Physics, 1986), and Buckminsterfullerenes (BUF), discovered in 1985 (Nobel Prize in
Chemistry, 1995), the paper investigates how fast scientists in German and US state
universities built up follow-up research in response to these two breakthroughs. Most
importantly, the paper explores to what extent the institutional framework in which
universities are embedded supported such expansion and renewal.
The methodical basis of the study is the construction of a strictly comparable set of state
universities. The paper analyses longitudinal quantitative data (1980-2010) of 84 German and
155 US state universities that award doctoral degrees. In addition, the paper provides case
study evidence for state universities in Bavaria and California, two states in which both STM
and BUF follow-up research has been strong.
Our bibliometric findings (dependent variable) demonstrate that scientists in US state
universities were several years ahead of their colleagues at German universities in seizing on
STM and BUF. Our institutional findings (explanatory variables) suggest that in the years
following STM and BUF, i.e. the 1980s and 1990s, US universities provided better institutional
conditions for scientific renewal than German universities. Below are our results in detail.
First, a high percentage of professors among scientific staff is conducive to building up and
expanding research capacities in new and emerging fields. Two mechanisms are involved: A
high percentage of professors raises the frequency by which new research opportunities are
both detected and followed up by those who are expected to conduct independent research;
in addition, a high percentage of professors raises the frequency by which new peers are
hired, and new research topics and areas thus are imported in replacement of previous ones.
A low percentage of professors, as in Germany, indicates that many more young scientists
work in the academic system than can be possibly absorbed into professorial ranks. As a
consequence, there is a bottleneck at the transition to professorial status, leading to
prolonged periods of dependency and job insecurity in academic biographies. In the US, the
transition to assistant professor, and thus scientific independence, takes place earlier in the
biography, thus providing favorable conditions for seizing upon new and promising scientific
opportunities.
Second, growth in the number of professors, growth in basic funding, and a high percentage
of grant funding among all funding streams are key factors positively associated with building
up and expanding research capacities in new and emerging fields. In fact, a declining or
stagnating number of professors severely constrains the capability of universities and their
9

departments to respond swiftly to new and emerging research fields by recruiting
outstanding scientists, as demonstrated in our German case studies. Furthermore, as our US
case studies show, if growth of basic funding is channeled into facilities and laboratories that
are shared by professors both inside and across departments, supportive conditions for
effective collaborations in new and emerging fields are created. Yet, as our US cases illustrate,
too strong dependency of professors on grant funding and too high competitive pressure for
external research resources may inadvertently end successful scientific collaborations before
all fruits are harvested.
Third, our findings point to significant and increasing differences in the state university
systems of Germany and the US with major implications for renewal in science. Although the
percentage of professors decreased in both countries since the 1980s, this decrease took
place at different scales. Furthermore, inflation adjusted basic funding for US state
universities has grown by factor 2.0 since the 1980s with tuition fees providing the lion’s
share in growth; in contrast, basic funding for state universities in Germany has grown by
factor 1.5 only. Tuition fees, which had been introduced in the mid 2000s in some German
Länder states, were abolished recently, thus reducing the level of basic funding. Based on our
empirical findings, the conditions for renewal in science in German universities are worse
today than they were in the 1980s and 1990s, in contrast to the US.
The paper closes with conclusions for research policy in Germany and the US. For Germany,
the paper identifies as major policy problem the scientific staff structure which appears to
severely impede intellectual renewal and growth of new research fields. For the US, the paper
discusses the “contingent faculty” phenomenon which might compromise the strong position
of US state universities in the future.
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What is an emerging technology?
Daniele Rotolo, Diana Hicks and Ben Martin
Emerging technologies are perceived as new technologies with the potential to change the
economy and society. For this reason, these technologies have been the subject of much
debate in academic research and also a central topic in policy discussions. Evidence of the
increasing attention being paid to the phenomenon of emerging technologies can be found
in the growing number of publications dealing with the topic as well as in ad hoc
governmental actions such as the “Foresight and Understanding from Scientific Exposition”
research program funded by the US IARPA in 2011.
Nonetheless, no consensus has emerged as to what qualifies a technology to be emergent.
Definitions proposed by a number of studies overlap, but also point to different
characteristics. Certain definitions emphasise the potential impact emerging technologies are
capable of exerting on society (e.g. Porter et al., 2002), while others give great importance to
the uncertainty associated with emergence (e.g. Boon & Moors, 2008). This also extends to
the wide variety of methodological approaches that have been developed, especially by the
scientometric community, for the detection and analysis of technological emergence (e.g.
Glänzel & Thijs, 2012; Small et al., 2014). These methods build on relatively loose definitions
of emerging technologies or often no definition at all is provided. Approaches to the
detection and analysis of emergence tend to greatly differ even with the use of the same or
similar methods. The present paper aims to address these shortcomings. To do so, we
attempt first to integrate different conceptual contributions on the topic in a coherent
definition of emerging technology. Second, we develop a framework for the
operationalisation of emerging technologies. The development of our definition of ‘emerging
10

technology’ started from the definition of ‘emergence’ or ‘emergent’ that is “the process of
coming into being, or of becoming important and prominent” (New Oxford American
Dictionary). Emergent is a label for a process, the endpoint of which is variously described as
visible, evident, important or prominent. We then enriched and contextualised the basic
understanding of ‘emergence’ with a review of major contributions to innovation studies on
the topic. Within an initial sample of 501 publications concerned to a different extent with
emerging technologies, a core set of twelve studies elaborating definitions of emerging
technologies was identified.
The analysis of these definitions revealed a number of features of emerging technologies. We
summarised these in terms of five attributes of emergence: (i) radical novelty, (ii) relatively
fast growth, (iii) coherence, (iv) prominent impact, and (v) uncertainty and ambiguity. These
attributes and the reviewed studies were then used to construct a coherent definition of
emerging technologies. Specifically, we define an emerging technology as a radically novel
and relatively fast growing technology characterised by a certain degree of coherence
persisting over time and with the potential to exert a considerable impact on the socioeconomic domain(s) which is observed in terms of the composition of actors, institutions and
patterns of interactions among those, along with the associated knowledge production
processes. Its most prominent impact, however, lies in the future and so in the emergence
phase is still somewhat uncertain and ambiguous.
The identified attributes were used as guidelines to develop a framework for the
operationalisation of emerging technologies. To do so, we reviewed key scientometric
studies (55 studies) on the detection and analysis of emerging technologies. We then
discussed on the extent to which the proposed techniques can operationalise the attributes
of emergence.
This analysis revealed that the scientometric contribution to the operationalisation of the
attributes of emergence is strongly dependent on time (techniques are intrinsically more
effective for retrospective analyses), on the nature of the attribute (the uncertainty and
ambiguity attribute is, for example, not easy to evaluate from a scientometric perspective),
and on used data (publications and patents). The risk that the detected technological
emergence is an artefact of the used models and choices (e.g. algorithms and parameters)
adds to these limitations. To reduce the likelihood of detecting false positives or missing
patterns, a combined scientometric-STS (Science and Technology Studies) approach is
suggested.
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Putting Emerging Technologies in Context: Interdisciplinarity and the Dynamics of
Emergence
Jeffrey Alexander and Lucien Randazzese
The term “emerging technology” is used extensively to describe innovations that seem to
appear suddenly in a community, and offer significant promise in the form of new capabilities
or insight. A substantial number of researchers have addressed the challenge of identifying
emerging technologies, focusing on understanding the criteria and unique features of such
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technologies. It seems natural to ask a more fundamental question: why do we care about
emerging technologies? Assuming that one can distinguish between emerging and “nonemerging” technologies, what are the compelling reasons for paying special attention to
emerging technologies? And, within that class of technologies, are there particular types of
emerging technologies that merit additional scrutiny by governments, firms and academia?
In a previous paper (Alexander et al., 2012), we propose that at least two classes of emerging
technology exist: those displaying “radical emergence” and those that undergo “incremental
emergence.” We posit that those in the former class will manifest very clearly the attributes
identified by Rotolo, Hicks and Martin (2015): radical novelty, rapid growth (or rapid
evolution), coherence, prominent impact, and uncertainty. Importantly, we note that these
attributes are seen in relation to the context of an emerging technology; i.e., these attributes
must be measured in relation to other existing technologies and circumstances already
present in the environment.
Policy organizations in particular are concerned with emerging technologies due to the
special challenges that such technologies often present. Some of the challenges posed by an
emerging technology may include:
• Challenging or undermining existing regulatory, legal and economic institutions
• Requiring new competences and skills to understand the technology
• Enabling capabilities that open up substantial new opportunities for exploitation
• Creating new infrastructures and platforms for additional emerging technologies
Thus, it is the combination of the attributes cited by Rotolo and colleagues that contribute to
the expectation that a particular emerging technology will have significant impact that will
be especially difficult to forecast and manage. The difficulty stems from the fact that the
emerging technology defies existing concepts about the nature and trajectory of the
technology landscape—in other words, it breaks the context in which it exists.
An interesting implication of this observation is the strong similarity between the challenges
posed by emerging technologies and the challenges posed by interdisciplinary research. In
another paper (Alexander et al., 2013), we discuss the “special nature” of interdisciplinary
research, and why there is a common expectation that interdisciplinarity is highly correlated
with “breakthrough” innovations.
This suggests some relationship between
interdisciplinarity, emergence, and uncertainty in the provenance and implications of such
innovations.
In this paper, we explore the conceptual foundations of interdisciplinary and emerging
technologies in how they interact with their existing contexts. We examine a few cases of
notable emerging technologies, such as synthetic biology, nanotechnology, and additive
manufacturing (popularly called “3-D printing”). We show the importance in understanding
the cognitive, technical, and social context of such technologies in assigning them particular
importance among emerging technologies. This will produce a set of propositions intended
to suggest further empirical work to characterize different categories of emerging
technologies, and to improve approaches for prioritizing emerging technologies as topics of
study for policymakers and researchers.

Is emergence a novelty, or is it simply migration?
Richard Klavans and Kevin W. Boyack
The notion of emergence has received an increasing amount of attention in recent years. This
is not surprising in that agencies, companies, and researchers alike are all involved in looking
for the next breakthrough or hot topic. Emergence involves features such as radical novelty,
relatively fast growth, coherence, prominent impact, and uncertainty/ambiguity.
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In this paper we build upon a life cycle model of the social structure of science. Indeed, most
studies, whether conceptual or empirical, rely inherently on life cycle and/or S-curve
characteristics which naturally reflect high rates of growth in a topic or technology as it
progresses from ‘small’ (assumed to imply newness or novelty) to ‘large’ (assumed to imply
importance or impact). We also note the important distinction between ‘little science’ and
‘big science’. An examination of the migration of authors into communities involved in
graphene research suggests that the primary sources of researchers were big science areas
that were underperforming.
The ability to more fully characterize the evolutionary structure of science is a recent
development. This work benefits from recent advances in data availability, algorithms, and
computing power to enable the identification of research communities within the context of
the whole. A global model of science was created using a smart local moving algorithm,
partitioning over 48M documents from Scopus into 91,726 communities using direct citation.
The use of a global model to characterize the evolutionary structure of science has three
significant benefits when compared to small-scale studies. First, the distinction between
small and large communities becomes clear within the context of the whole. Research
communities follow the same power-law function as cities and towns. In this model, roughly
4k research communities are considered ‘big science’. The remaining 88k research
communities are small. Second, one can detect and examine evolutionary patterns. Little
science communities rarely become big, and the factors that predict growth (and
corresponding instances of emergence) can be isolated. Third, a global model facilitates the
exploration of the migration patterns that facilitate emergence. If one hundred scientists join
a research community, where do they come from? The following example suggests that, for
the case of recent graphene research, migration is coming from underperforming big science
communities.
We focused on the migration patterns into four communities involved in graphene research.
All four communities were considered ‘little science’ in 2006, while all four were considered
‘big science’ by 2012. We were most interested in the movement of elite authors. Thus, we
identified 4,964 elite authors as those who published each year from 2000-2005, and who
then subsequently (2007-2012) published in one of the graphene communities. Further, we
identified the communities in which they published during the 2000-2005 time period. These
are the communities from which the elite graphene authors migrated.
The four graphene communities and 10 research communities supplying the largest number
of elite researchers to graphene research were characterized. The largest number of elite
authors (summed fractional counts) migrating from any one community to the four graphene
communities was only 31, or less than 1% of the total. Thus, migration is coming from a very
large number of communities. Most of the donating communities lost authors from 2006 to
2012, while 6 of 10 had fewer hot papers (top 1% highly cited, age and field normalized) than
expected. In addition, the four graphene communities were much more vital than the 10
donating communities. Vitality is defined as a mean reference age; the graphene
communities are building on much more recent work (by two years on average) than the
donor communities. These results correlate with the perception that authors will migrate to
communities where breakthroughs are occurring due to their higher potential for future
funding and impact.
Overall, we don’t question the fact that there are publication bursts in topics that qualify as
examples of emergence. We do suggest, however, that emergence occurs primarily within an
existing community structure (rather than being new communities) and is fueled by the
migration patterns of full-time scientists. We note that the four graphene communities
13

shown here did not appear suddenly, but had been in existence for many years before
experiencing rapid growth. All four were existing ‘little science’ communities working on
graphite, which is a close cousin to graphene. Additional details on the history of these
research communities and migration network will be given in the presentation. We also note
that this is a single example of migration into emerging areas of science, and note the need
for further research to establish if the pattern shown here is unique to graphene or is
pervasive in the sciences.

Design, Understanding and Operationalization of Responsible Research and
Innovation in an Emerging Technology: Synthetic Biology
Philip Shapira, Sally Randles, Andrew Balmer and Sarah Chan
Recently, attention has been given to issues of responsible research and innovation in an
array of emerging technologies. An underlying principle is that societal, ethical, economic and
environmental effects and implications should be considered by the actors, stakeholders and
institutions engaged in research and innovation processes. Stilgoe and colleagues (2013)
suggest that the practice of science and technology raises a series of questions about impacts
and risks (including ones related to distribution), decision making, responsibility, beneficiaries
and the public interest, and alternative pathways. They argue that processes of responsible
innovation should reflect dimensions of anticipation, reflectivity, inclusions, and
responsiveness. Responsible research and innovation builds upon, and has connections to
earlier concepts which continue to be relevant in science and technology policy, including
technology assessment, technology foresight, road mapping, and real-time technology
assessment. However, there is a sense in which responsible research and innovation is both
broader and deeper. It is broad in that consideration should be given to the full-range of
current and anticipated implications of scientific and technological development and also
because deliberation should be undertaken not only by experts, government, and directlyconnected interests but also more widely with broader publics and less powerful but still
affected groups. It is deeper in that there is the expectation, at least among some
proponents, that processes of responsible research and innovation should not only seek to
mitigate potential risks but could lead to the pursuit of different scientific pathways and to
technology redesign to better address societal and global challenges.
A series of projects in Europe, the US, and elsewhere are now exploring, in varied ways,
responsible research and innovation. Some research sponsors require attention to
responsible research and innovation in proposal development and review. Yet, there are
significant challenges of implementation. There is ongoing debate about what exactly
responsible research and innovation is and what it means. While this presents a series of
important scholarly issues, we are particularly interested to explore the design,
understanding and operationalization of the concept of responsibility in research and
innovation within a community of researchers charged with reflecting and acting upon the
concept. Our focus is within the research domain of synthetic biology. Proponents expect
synthetic biology to radically restructure many existing industries and create significant new
ones. At the same time, synthetic biology’s ground-breaking prospects are accompanied by
concerns about societal implications. These include the ethics of engineering nature,
potential environmental, health and safety risks associated with synthetically-engineered
organisms, concerns about ownership and control, and effects on existing sectors and
workforces. After considering this context, the paper explores responsible research and
innovation within a major UK research center in synthetic biology. This center is designing
and engineering biological parts, devices and systems for sustainable fine and speciality
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chemicals production, including new products and intermediates for drug development,
agricultural chemicals and new materials for sustainable manufacturing. We are part of the
center, comprising a responsible research and innovation group that is undertaking research
and anticipatory analysis, and supporting collaboration and deliberation to prepare the
centre as it addresses the implications of this emerging new technology in society. As an early
component, we are undertaking a benchmark study that is exploring a series of key topics
including: (1) Current research and perception/anticipation of applications of center projects
within synthetic biology; (2) Perceived challenges, risks and benefits of synthetic biology; (3)
Awareness and understandings of responsible research and innovation; (4) Practice and
activities related to responsible research and innovation; and (5) Perspectives on how
responsible research and innovation should evolve and what the center should do. The
benchmark study draws primarily on interviews with center researchers, but also uses
secondary data sources, group discussions, and engagement with external stakeholders. We
draw comparisons with other relevant studies. Based on our analysis, we consider
implications for the design and operationalization of responsible innovation at both center
and larger levels, including reflecting on how our own research program. The paper will draw
out broader implications for the practice of responsible research and innovation that will be
relevant not only for synthetic biology but also for other emerging technologies.

Session 5.d: China’s Trajectory
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China’s Science and Technology Policy – Can It Succeed?
Richard Appelbaum
This paper provides an historical perspective on China’s changing science and technology
landscape, culminating with a discussion of the effects of Xi Jinping’s anti-corruption
campaign and increasing emphasis on nationalist themes, including proposals for education
reform along Chinese (as opposed to Western) lines. It draws on a decade of research in
China, including a survey of Chinese academics and follow-up interviews at leading Chinese
universities conducted during the spring of 2015.
In 2006, the Chinese government launched its National Medium- and Long-Term Plan for the
Development of Science and Technology 2006-2020 (hereafter MLP), making “indigenous
innovation” the top developmental priority. The broad goal of the MLP is to transform China
into a technology-focused economy by 2020, and a global leader in R&D, science, and product
innovation by 2050. Key thrusts of the MLP include significantly increased public investment
in basic research as well as applied R&D, building science parks and research centers, funding
focused venture capital funds, and recruiting prominent expatriate scientists and
entrepreneurs from universities and businesses abroad through such initiatives as the
Thousand Talents Program and the Thousand Young Talents Program. The MLP’s effort to
foster indigenous innovation has been reinforced by China’s 11th and 12th Five Year Plans,
which – in an effort to transition from “made in China” to “designed in China” – identify a
number of “strategic emerging enterprises” such as biotech and new materials, and
increasing the percentage of GDP that is invested in research. The intention is to wean China
from its dependence on foreign technologies, enabling domestic advances in science and
technology to drive product innovation - to move China from imitation to innovation.
Can such state-driven efforts succeed? At first glance, the results of China’s efforts are
impressive. The MLP has resulted in the construction of numerous high-tech science parks, a
dramatic increase in scientific publications by Chinese authors, and a substantial increase in
the number of patents obtained by Chinese scientists and engineers. Yet China’s investment
in research and development has yet to pay off in product innovation; as a study conducted
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by the present author concludes, paraphrasing an old Chinese saying, “research is high and
the market is far away” (Cao, Appelbaum, and Parker, 2013). Moreover, reforms being
initiated by the Xi government may prove to have a major effect on China’s high-tech
ambitions.
In a much commented 2012 speech at the National Museum’s “Road to Rejuvenation”
exhibition, soon-to-be President Xi set forth the path that is defining his decade as China’s
leader: “I believe that realizing the great revival of the Chinese nation is the greatest dream
of the Chinese nation in modern times.” One step in realizing this dream has been the
weeding out of corruption, a widely popular move by the Xi government that, at least in the
short run, may adversely impact China’s efforts to become a world technology leader. The
“Eight Points” anti-corruption campaign has disciplined well over 100,000 party officials,
ranging from local bureaucrats to top figures in the Chinese Communist Party. While this is
intended to improve economic efficiency, it has also greatly amplified uncertainty in an
economic system that historically has run on bribery and guanxi relations. As a result, many
government officials are reportedly refusing to approve investment projects, either because
in the absence of a bribe they lack the incentive to do so, or out of fear that they will be
accused of corruption. One survey of local officials by Caixin, a Beijing-based media group,
found that two-thirds of those surveyed “were reluctant to take decisions for fear of ‘doing
something wrong’…. Whatever can be delayed will be delayed” (as reported in Fitzgerald,
2014). Moreover, the Xi government has recently sought to reign in “western thinking” in
China’s universities, calling on the CCP to strengthen ideological control over what goes on in
the classroom. In January 2015 the Party issued a document titled “Suggestions on further
strengthening and improving ideological propaganda among tertiary institutions under new
circumstances,” which called for “Turn[ing] our universities into a stronghold for learning
Marxism” through “management of the use of western teaching materials” (Wang, 2015).
While it is clearly too soon to tell what effect these changes will have on indigenous
innovation, it does not seem likely to encourage the kind of critical thinking, experimentation,
and risk-taking that are necessary for indigenous innovation to succeed.
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Patterns of Science and Technology Policymaking in China: Policy Entrepreneurs
and Policy Windows
Ning Li
Despite its impressive achievements in science and technology (S&amp;T), China’s S&amp;T
system has been criticized for its inefficiency in macro coordination, funding distribution, and
performance evaluation. To fix the problems, numerous scholarly studies have been focused
on the effectiveness of existing policies, yet much less effort has been devoted to the analysis
of China’s S&amp;T policymaking process.
This paper posits that, in searching for good policies, a thorough investigation of policy
formulation and enactment is as important as studies of policy implementation and
evaluation. Although studies of the western liberal democratic systems in policy process in
general and S&amp;T policymaking in specific have offered insights, they are not sufficient in
mapping policymaking in China as China possesses a much different political system.
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This study aims to contribute to the literature by exploring patterns of S&amp;T policymaking
in China, with a focus on behaviors of major actors in the policy process. Under the Chinese
system, the National People’s Congress is supposed to establish laws; its power, however, is
stronger on paper than in practice. Rather, the State Council is the highest level of executive
and has legislative power; it enacts most S&amp;T policies. Ministry-level public agencies
such as the Ministry of Science and Technology (MOST), Ministry of Education (MOE), and
the Chinese Academy of Sciences (CAS) are often responsible for policy designs and
implementations. Elite scientists such as the members of CAS occasionally propose policy
ideas directly to the top leaders of the central government. Overall, the Communist Party
dominates the state and society in every aspect with its power resting on all government
institutional settings.
Among various policy process models, Kindong’s policy window model seems to be the bestfit for this paper. The model encompasses three separate streams: (1) the problem stream
resulting from assessment of relevant indicators or from focusing events; (2) the policy
stream providing possible solutions to the problems; and (3) the political stream when key
politicians are willing make policy changes. A window of opportunity is open when the three
streams converge, possibly leading to formulation of new policies. Policy entrepreneurs may
emerge from any of the three streams and act as advocates for policy proposals. They seize
the policy window opportunity and push policy solutions onto the list of government decision
agenda.
This paper uses the case study method and employs the macro-meso-micro conceptual
framework. At the macro level, policies are contextual in essence, and serve as guidelines or
roadmaps. Macro policies include guiding principles, medium and long term plans, and
institutional settings. At the meso level are those transactional policies allocating resources
through budgeting and research funding systems to implement macro policies, such as
national research programs and master grants. The micro level policies deal with operational
issues, such as personal assessment and research project evaluation.
Multiple policy cases are selected and analyzed with the emphasis on the dynamics of
decision making and the role of policy entrepreneurs. Cases at the macro level include the
development of the medium and long term science development plans and the formulation
of the national guiding principles; at the meso level, the 211 project, the 985 project, and the
Knowledge Innovation Project are used as cases of master grants, and the 973 Program, the
863 Program, and the new design of national research programs are to be analyzed as cases
of research grants; at the micro level, two cases, the determination of social status of science
workers and the One Thousand Talent Program are examined.
As a result, several patterns are revealed. First, the Chinese policymaking process clearly
follows the elite model, where participation from ground scientists, the public, and the media
is very limited. Second, decisions are made largely by the central government core leaders
and decision making relies heavily on the leaders’ personal vision and judgment. Third, these
core leaders sometimes act as policy entrepreneurs. Fourth, elite scientists and Ministry-level
governments are also active as policy entrepreneurs. Fifth, as a late comer China draws
heavily from international experience in seeking policy solutions to form the policy streams.
Sixth, availability of political streams is often the key to the successful policy making. Finally,
problem streams result more from indicators than from focusing events.

“The Icing on the Cake”? Assessing China’s Efforts to Achieve Academic Brain Gain
at the High End
Yutao Sun and Cong Cao
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With the implementation of the strategies of building an innovation-oriented country, the
government has successively launched a series of talent-attracting programs, in particular the
Thousand Youth Talents Program (TYTP) launched in 2011. Such effort has yet to get the very
best of the Chinese academics to return from overseas fulltime (Cao, 2008; Zweig and Wang,
2013).
Several reasons explain this phenomenon. Besides low salaries, education for children, and
jobs for spouses, more important are the institutional factors, including political liberalization
and freedom in doing research (Cao, 2008), research culture (Cao, 2008; Shi and Rao, 2010),
non-transparent decision making and a relatively stifling bureaucracy (Zweig and Wang,
2013).
However, Zeithammer and Kellogg (2013) report that the reason that Chinese doctoral
graduates chose to remain in the U.S. is the large salary disparity between the two countries
rather than other factors. And Wang et al. (2014) find that the role of economic incentives
cannot be underestimated in the successful recruitment of overseas top talents, while the
role of networking is more subtle.
Our study contributes to the existing debate by looking into whether there is a fit between
overseas talent and the organization that attempts to recruit them and particularly analyzing
the role of government’s talent-attracting programs in the fit process, which is critical to
understand academics migration.
We use young returnees through TYTP to illustrate this. Young scholars have to apply to the
program through domestic academic organizations, which indicates that they could adopt
the domestic political, economic and academic environment and have a firm plan to return.
Then, through a strict selection process, scholars are selected into TYTP, which means their
performance meets the program’s requirement. Thirdly, most of the TYTP scholars do return
on the fulltime basis. Therefore, the group of TYTP scholars shows not only “who” wanted to
return but also “who” China has gained.
We base our analysis on the demographic information of the TYTP scholars and their
academic achievement. Using survival analysis where returning of young academics is treated
as a “survival” event, we attempt to examine the factors that could account for and impacts
of the factors on the probability of their return. Specifically, we focus on two factors –
returnees’ academic ability and personal relations. Academic ability includes a returnee’s
academic ability proxied by his/her position before returning and his/her last employer’s
academic reputation proxied by their academic ranking; personal relations include the
returnee’s academic relationship proxied by whether he/she works for his/her alma mater,
family relationship proxied whether he/she returns to his/her hometown. Control variables
include age, gender, the country of Ph.D., the number of years between receiving their Ph.D.
and selected into TYTP and so on.
Based on a small sample of 183 life scientists (the first four cohorts of TYTP returnees
between 2001 and 2002), we have reached some preliminary conclusions. Scholars with
stronger academic ability tended to stay overseas, and domestic academic organizations’
reputation has less influence on attracting returnees. Scholars’ academic relations and family
relations are not significantly associated with their return. Age and gender are significantly,
older scholars tended to stay overseas while male tended to return. Therefore, we tentatively
conclude that the motivation for returnees is the pressure of overseas academic job market
rather than the incentives offered by government’s programs. As scholars who lack
competitive advantage tended to return and China has gained those scholars who have to
return, TYTP and similar programs may function as “the icing on the cake.”
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An Explorative Study of Scientific Misconduct in China
Li Tang
In the emerging knowledge economy, science and technology has become the key factor of
national competitiveness. Studies consistently report that as an unintended consequence of
the accelerating R&D investment and expansion of scientific research activities, scientific
misconduct fraud is becoming a pervasive global phenomenon. [1],[2] Given its deleterious
consequences such as providing misinformation, endangering scientific integrity, and wasting
public resources, scientific misconduct has become a rising concern of policymakers and
drawn growing public attention. [3],[4] Indeed, there is a pressing need to inform public
discussion and policy-making, both within the research communities and the society at large
about the patterns, dynamics, identification and deterrence of scientific misconducts.
Notwithstanding the greater emphasis placed by governments our current understanding of
scientific misconducts is limited. [5]There are few empirical studies that provide evidencebased policy advice on research integrity. [6] And this is particularly true for China, a fast
rising scientific power, and a major country with an increasing number of paper retractions
due to scientific misconduct. [7],[8],[9] To fill up some research gap this paper adopts a mixed
research design approach, combining information obtained through bibliometric analyses, a
large-scale survey, and in-depth interviews, to develop a comprehensive and nuanced
understanding of the scientific misconduct phenomena. Specifically, the paper focuses on the
following aspects.
The study begins with constructing a global dataset of fraudulent publications to explore the
features, status quo, and dynamics of retractions due to scientific misconducts. Based on
citation indicators and keywords turnover the study examines the impact of retraction on
research visibility and research trajectory of primary authors of the retracted articles.
Secondly, utilizing CV data of misconductors and their matching peers, this study profiles the
characteristics of about 110 Chinese recidivists. Thirdly, using a large-scale survey and faceto-face interviews of scholars, research managers and journal editorials, the study attempts
to understand the intertwined triggers of scientific fraud from individual, institutional, and
cultural contexts such as the unawareness of research fraud, university promotion
mechanism, the ignorance of intellectual property so on. . Policy implications on constructing
research integrity practices in contemporary China will be proposed.
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Towards a State-led Innovation? China’s Evolving National High-tech Industrial
Development Zones and Their Implications for China’s Innovation Trajectory
Jialing Lu
In the 1980s, the Chinese government started to invest heavily on infrastructure to facilitate
transfer and dissemination of research and technological achievements. One of the most
important measures was to establish National High-tech Industrial Development Zone
(NHIZs) within given geographic boundaries. Since the early 1990s, the State Council has
approved a total of 110 NHIZs nationwide. NHIZs are centrally governed by the Ministry of
Science and Technology while also regulated by local governments and other ministries,
manifesting the features of state-led innovation.
Changing development strategies and roles of STI in economic growth have made NHIZs
science park, industrial zone, industrial cluster or smart city in different times. They have
fostered high-tech industrial improvement and economic growth, strengthened the sharing
and dissemination of knowledge within a local innovation system and formed a more
coherent innovation infrastructure. However, the most important reason why NHIZs could
survive is their taking advantages of policies in land usage, investment, taxes, finance, S&T,
innovation, and talent, whose combined effects have made NHIZs superior to ordinary
regions and districts. Each NHIZ operates under an administrative committee affiliated with
local government, which gives the NHIZ strong implementation power.
Recently there is a shifting in the spatial geography of innovation worldwide. The domination
of Silicon Valley-type suburban corridors with spatially isolated corporate campuses are being
replaced by a new emerging urban model. In these geographic clusters, or “innovation
districts,” leading-edge anchor institutions and companies connect with start-ups, business
incubators, and accelerators, while offering mixed-use housing, offices, and retail outlets.
Such innovation districts appeal to high-qualified talent to generate excellent science and to
carry out entrepreneurial activities. China’s NHIZs could also be conceptualized as
“innovation district” given their similarities to their counterparts in the US and Europe.
Against such global and domestic backgrounds, this paper will explore the evolution path and
mechanism of NHIZs as well as their contributions to China’s high-tech industrialization,
national S&T and innovation system as well as economic growth. Zhongguancun NHIZ in
Beijing, Shenzhen NHIZ and Hangzhou NHIZ will be selected as sites for case studies taking
into account not only their respective geographic locations but also their distinctive
administrative regimes. A novel framework will be formulated to take into consideration of
their development stages, bureaucratic level and structure of administrative committee,
constituting enterprises, development of the dominant industry, main sources of STI
capability and finance and innovation performance. Based on document analysis and indepth interviews, the paper will provide a more comprehensive understanding of China’s
innovation trajectory and dynamics through the angle of NHIZs.
Firstly, there is an urgent need to revisit the dominant innovation modes in the world, to
which China’s innovation practice may have something new to offer.
Secondly, NHIZs once were overall regulated by a strong state. Now, some of them have
become more autonomous with less administrative interventions. This paper will interpret
the way and practices through which innovation agents produce novel interspaces under the
given structural conditions.
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Thirdly, the formulation of innovation policy needs to integrate the innovation chain from
R&D, industrialization to marketing. NHIZs could provide evidence of how to integrate the
collaborations among often contradicted stakeholders.

Session 5.e: Bringing Innovation Ecosystem Frameworks to Legacy Economic
Sectors and Humanitarian Relief
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Exploring the Humanitarian Innovation Ecosystem
Howard Rush
In 2013, the most recent year in which we have accurate data, nearly 150 million people
around the world were affected by natural disasters, wars and conflicts. This is nearly double
the number of people requiring assistance since the turn of the century. The cost of meeting
merely the basic needs of affected communities has risen by over 600% over this time. Both
financial costs and human misery are likely to continue to rise as displaced people are now
spending long periods in ‘temporary’ refugee camps, many of which have now been in
existence for over fifteen years.
The humanitarian system simply cannot cope in its present form. Without radical
transformation the world is more than likely to witness the type of failures in coping with the
scale of the disasters such as recently experienced in Rwanda, the Indian tsunami, and Haiti.
As a consequence of the inadequacies in response to these crisis, a growing number of those
involved in humanitarian response acknowledge the need for change and have begun to
recognise and embrace the role of innovation within the sector.
It is, however, only six years since the first studies of innovation within the humanitarian
sector began to appear. These include Ramalingam et al (2009). Innovations in International
Humanitarian Response; ALNAP (2012) The State of the Humanitarian System; UNOCHA
(2013) Humanitarianism in the Networked Age, New York; Betts, A and Bloom, L (2014)
Humanitarian Innovation: The State of the Art, UNOCHA Policy and Studies Series. While such
contributions have categorised the actors located within such a system, provides data on the
scale of the system and offered important insights into the coverage, relevance, effectiveness
and efficiency of the provision of humanitarian assistance, they did not fully address the role
of innovation within the system or the way in which the ‘ecosystem’ either facilitates or
inhibited innovation.
This presentation summaries work conducted over the past year by CENTRIM, the Centre for
Research in Innovation Management (University of Brighton), sponsored by the UK
Department of International Development. The aim of the research was to provide an indepth analysis of the strengths and weaknesses of the ‘Humanitarian Innovation Ecosystem’.
In order to explore the complexities underpinning the Humanitarian Innovation Ecosystem,
we established a project team that comprised of both innovation management scholars and
humanitarian aid researchers and practitioners. The work programme was built on three
components, starting with an extensive review of the relevant literature in both innovation
management and humanitarian innovation. This component drew upon the wealth of
empirical studies on successes and failures in innovation management and identified the
major opportunities and challenges from this literature which have relevance for the
humanitarian sector. These include the development of ‘capacities’ for innovation, the need
for ‘ambidexterity’ to enable both radical and incremental innovation, the role of
‘entrepreneurship’, the potential for ‘user-led’ and ‘open innovation’, and the need to
balance risk, reward and reliability across humanitarian innovation efforts.
In a second report, the project team generated insights from an informed sample of fifty
individuals who had expert knowledge of the role and nature of innovation and its
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management within the sector. The interviews explored key themes derived from the
literature review and offered insight into why the humanitarian innovation ecosystem
currently operates as it does. Through an analysis of the ‘six Rs’ – resources, roles,
relationships, routines, rules, and results - it also led to the development of a dynamic
systems approach to understand the important enablers and inhibitors influencing the
humanitarian innovation ecosystem.
Having reviewed the literature and gathered expert perspectives, the Humanitarian
Innovation Ecosystem was explored further in a series of in-depth case studies. Four case
studies were conducted in the major humanitarian sub-sectors (i.e., Water, Sanitation, and
Hygiene (WASH), Food, Health, and Shelter), while a fifth investigated the availability and
models of humanitarian innovation financing. In conducting the case studies, over 150
interviews were held and numerous documents reviewed. Each of the five case studies was
subject to multiple extensive coding exercises related to the six ‘Rs’ innovation ecosystems
drivers, in order to systematically identify common themes and issues.
This presentation presents the main findings from the research outlined above. It describes
how there are a number of structural issues and systemic problems facing the sector that
serve to limit the effectiveness of the innovation ecosystem.
 These issues include:
o Short-term and reactive financing for assistance
o Delivery focus of aid, with few investments between crises responses
o Organisational culture and mind-sets which give prominence to existing
operating procedures ad widespread resistance to change
o Insular, individualistic and competitive nature of humanitarian responders
o Lack of engagement with actors seen to be outside of response, including a
longstanding and unjustifiable lack of engagement with recipients of aid
 The presentations concludes with a series of recommendations as to how to
strengthen and facilitate the pathways of innovation into the humanitarian sector.
The project final report (as well as the literature review, interview survey and case
studies) are available for downloading via the project website (see outputs) at:
https://www.brighton.ac.uk/centrim/research-projects/humanitarian-innovationecosystem.aspx
 1] Bessant J., Ramalingan, B., Rush, H., Marhsall, N., Hoffman, K., and Gray, B. (2014)
Innovation Management, Innovation Ecoystems and Humanitarian Innovation.
Literature Review for the Humanitarian Innovation Ecosystem Research Project,
CENTRIM, University of Brighton. (http://r4d.dfid.gov.uk/Output/196762/)

Technological Innovation in Legacy Sectors
Charles Weiss and William B. Bonvillian
Technological Innovation in Legacy Sectors
Charles Weiss and William B. Bonvillian
New approaches are needed to broaden the historic focus of science and technology policy
on innovations leading to new industries like information technology and biotechnology. We
have developed a new, unifying conceptual framework to address the problem of resistance
to disruptive innovation in entrenched Legacy sectors of the U.S. economy, and have
extended it to similar patterns of resistance in five other countries. A case study of the Legacy
sector of U.S. manufacturing raises the problems of “jobless innovation” because of the shift
abroad of manufacturing capability.
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These Legacy problems inhibit innovation in more than half the U.S. economy. Both arise
from an economic, political, legal and cultural innovation context in which incentives for
innovators and producers in Legacy sectors run counter to job creation, technical efficiency,
security, public health and safety, and environmental sustainability. This context is as
important to the rate and direction of innovation as the better studied innovation system;
the two together constitute the innovation environment. In Russia, China, India, France and
Germany, the innovation environment poses obstacles to radical innovation throughout the
economy; in China and Germany, it favors process innovation in manufacturing.
In our new book, Technological Innovation in Legacy Sectors (Oxford University Press, 2015),
we apply our framework to identify obstacles to innovation that are common to energy, the
electric grid, buildings, air and auto transport, manufacturing, higher education, health care
delivery, and the military in the U.S., over and above the “valley of death” between research
and late-stage development that is a traditional focus of U.S. innovation policy.
Manufacturing is particularly important because it generates both high-productivity, highwage jobs and important process innovations.
Innovations in these Legacy sectors must penetrate a well-established, well-defended
technological, economic, political and social paradigm that favors existing technology,
whereas “sustaining” innovations consistent with prevailing paradigms face no special
problems beyond those confronting all innovations.
Legacy sectors share common features, including: perverse subsidies, prices and price
structures that neglect externalities; institutions that favor existing technology and
discourage new entrants; well-established, politically powerful vested interests that resist
new technologies; financing support whose time horizon is unsuited to many new
technologies; public expectations attuned to existing technology; aversion to innovation and
consequent limited support to research and development; an established knowledge and
human resources structure oriented to existing technology; and market imperfections like
network economies, non-appropriability, and the need for collective action. To overcome
these barriers, we set forth a new strategic systems “innovation organization” approach for
developing strategy and policy.
Presenters:
Charles Weiss is retired Distinguished Professor and Chair of Science, Technology and
International Affairs at the School of Foreign Service at Georgetown University. He was the
first Science and Technology Adviser to the World Bank and has published papers on many
topics of domestic and international science and technology policy. He holds a B.A., summa
cum laude in chemistry and physics, and a Ph.D. in chemical physics and biochemistry, both
from Harvard University.
William B. Bonvillian is Director of MIT’s Washington Office and is on the adjunct faculty at
Georgetown and Johns Hopkins SAIS. He teaches and writes on innovation policy. He was
previously a senior legislative advisor in the U.S. Senate. He has a B.A. from Columbia
University with honors, an M.A.R. from Yale Divinity School, and a J.D. from Columbia Law
School, where he was an Editor of the Law Review. Further bio information is available at
http://bonvillian.wix.com/bonvillianwebsite.
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The field of evaluative bibliometrics as academic sector of professional research
evaluation?
Arlette Jappe and Sabrina Petersohn
This paper investigates the development of evaluative bibliometrics (EB) from 1972 to 2013
using a sociology of professions framework. According to Abbott (1988), a defining feature of
modern professions is the application of abstract knowledge to practical cases through
processes of diagnosis, inference and treatment. Each profession requires an abstract
knowledge system as a precondition for claims to professional jurisdiction in a socially
contested domain. Consequently, professions have close relations to academic fields which
produce abstract knowledge, introduce neophytes, and legitimize claims to professional
authority.
The past two decades have witnessed a strong increase in the demand for and production of
quantitative research assessment. Yet does this signal the formation of a new profession in
the domain of research evaluation? The paper analyses the development of the academic
specialty of EB as a precondition for the professionalization of research assessment practice.
Since Abbott does not analyse science and engineering, we use Whitley's (2000) definition of
reputational work control in academic fields as a complementary concept; he argues that the
establishment of a scientific specialty implies a certain closure towards contributions from
outside. Thus, requirements of specialized expertise and perspective constitute thresholds
for field access.
The specialty of EB is delineated using research breakthroughs and follow-up research on
these breakthroughs as a dynamic field definition (Heinze et al. 2013). Garfield's journal
impact factor (1972) and the Hirsch-index (2005) are two most influential citation indicators
("breakthroughs"). In addition, we found 61 citation indicators that were introduced as
follow-up inventions between 1972 and 2013. All publications in Web of Science that cite any
of these 63 indicators (“flag articles”) are included in our definition (3153 publications).
The paper argues that the establishment of reputational work control is a strong indication
for the institutionalization of an academic specialty. Reputational work control is
operationalized, first as the “number of new entrants to the field”, and second as the “origin
of invention”, which distinguishes whether follow-up inventions originate from the core or
the periphery of EB’s longitudinal citation network. We define the following variables:
number of institutions in core, periphery and outside of EB (V1), number of stable field
members (V2) and new field entrants (V3), and contributions of core versus peripheral
institutions to follow-up invention (V4).
Existing approaches for the analysis of core-periphery structures in social networks cannot
be used for longitudinal analysis of small fields. Therefore, we use Characteristic Scores and
Scales (CSS), an approach developed to define groups of ranked observations in highly
skewed distributions (Glänzel &amp; Schubert, 1988). We apply CSS to network indegree of
institutions per year resulting in simple group definitions of core, periphery and outside that
are consistent over time. Using five-year citation windows, we analyse the development of
field structure over four decades (1972-2013).
We find two distinct periods in terms of the number of new entrants: a period of moderate
field growth from 1972 to 2004 and a period of rapid expansion from 2005 to 2013. The
percentage of new entrants is persistently high. During the first three decades, more
inventions originate from the periphery and outside than from the core of the academic field,
a clear indication of low thresholds for field access and weak reputational work control.
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During the expansion period since 2005, there is still a substantial inflow of inventions from
periphery or outside, but two thirds of follow-up inventions originate from the network core.
This indicates an intensified methodological discourse among an enlarged set of core
institutions in the latter period.
We conclude that the academic specialty of EB has permeable boundaries which limit its
ability to underpin professional jurisdiction in quantitative research evaluation. The most
significant invention from outside was the introduction of the Hirsch-index which contributed
to field expansion and an intensified methodological discourse. The paper introduces a new
approach to bibliometric mapping of EB and connects bibliometric methods with sociological
analysis.
References
Abbott, A. (1988). The system of professions: An essay on the division of labor. Univ. of
Chicago Press.
Glänzel, W., Schubert, A. (1988). Characteristic scores and scales in assessing citation impact.
Journal of Information Science, 14(2), 123–127.
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Science, Technology and Innovation Policy Research in the context of LatinAmerican Countries
Carlos Mauricio Nupia and Diana Lucio-Arias
Science, technology and innovation (STI) policy research and policy analysis are two relative
new specialties in the field of public policy. The first one originated based on discussions
among natural scientists, philosophers and social scientists about the social relations of S&T.
Simultaneously, growing demands for evidence based policy generated governmental
requirements for data to make informed decisions, particularly for the design of research
instruments and policies(Morlacchi & Martin, 2009). The second one, policy analysis, seems
to be related to the problem-solving methodologies and approaches needed to create,
critically asses and communicate useful information for understanding and improving policies
(Dunn, 2004). Both of them are “intellectual technologies” which facilitate the framing of STI
policy problems.
The literature on innovation systems recognizes that designing new policies and instruments
on STI has been influenced from the supply-side (Borrás & Edquist, 2013; Velho, 2011).
Particularly in Latin America and south countries, this type of STI policies lack legitimacy and
are seen as an endless re-negotiation of the limited public resources for R&D. It is necessary
to widen the approach and the scope of innovation policies and conceiving them as social
policies (Arocena & Sutz, 2010).
Increasingly, the social process behind designing and implementing policies has become an
issue of academic interest (Borzel, 1998). In the case of STI policy, the consolidation of
academic communities had an important role in shaping the objects of interests, the
reachable and assessable goals and the incentives articulated through the regional
policy(Serafim & Dias, 2010). The creation of STIPA, (STI Policy Research Network of the
Americas) demanded the identification of scholars whose research trajectories would
provide valuable insights. We are interested in how STI policy research could provide a
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theoretical foundation for policy planning and how policy analysis could strengthen the links
between policy-makers, policy scholars and knowledge users.
A bibliometric analysis to identify how Latin-American scholars are approaching policy
research and analysis and what type of theories and methodologies are they using would
provide a point of departure for this exploration. Relying on bibliometric methods, we
searched for this community of interest in two steps. First, following a top-down approach
we identified relevant scientific journals in research and scientific policy. We searched issues
of the last five years (2008-2013) for contributions whose authors were affiliated to Latin
America and Caribbean (LAC) countries in the moment of publication. Next, we followed a
bottom-up strategy and searched for the networks were the identified authors play a role.
We collected all the contributions of the identified corpus of LAC authors in order to provide
inputs to the following questions:
Is there an academic community, or invisible college with cohesive ties contributing
to our understanding of STI policy?
What are the institutions behind these authors? Are the identified authors from
universities? Or do they belong to institutions in the interface between science and policy?
(Newman, 2011).
From a deeper content analysis, what topics are highlighted in the identified
contributions? What are the problems articulated? Are solutions proposed? What kind of
theoretical approaches and methodological instruments are they using in their analysis? Is
there evidence of a dialogue between the academia and the policy makers? Tensions?
Do the study of references and citations articulated in the identified contributions
useful to provide insights into the conceptual frameworks schools of thought, or geographic
influences of the LAC authors in these topics?
References
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Analysing the impacts of a high-level research and innovation policy council –
Conceptual framework and a case study
Antti Pelkonen, Mika Nieminen and Janne Lehenkari
Effective coordination of research and innovation policies has recently become an
increasingly important challenge for governments across the globe (e.g. Magro et al. 2014).
This call for coordination stems from several sources such as internationalisation, the growing
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importance of innovation for economic growth, the increasingly horizontal nature of policy
problems as well as the simultaneous widening and deepening of innovation policies.
High-level research and innovation policy councils have traditionally been an important
institutional mechanism to promote policy coordination in particular in Europe but also
globally (OECD 2012; 2009). Although the councils’ composition, tasks, position and role
differ in different countries, they often assume several important functions such as strategic
advice to the government on S&T issues, planning and allocation of the R&D budget and
providing strategic intelligence to the research and innovation system (OECD 2012). In the
2000s, due to the quest for coordination, the role of these councils has become increasingly
salient (e.g. Pelkonen & Teräväinen-Litardo 2013). In many countries, high-level councils have
become key mechanisms through which governments have tried to develop a more strategic
approach and to provide leadership and common visions for research and innovation
development.
Although the councils’ importance has increased, there is practically no research-based
evidence on the effects and impacts of their activities. This paper tackles this gap in the
literature by examining the impacts of the Research and Innovation Council of Finland.
Headed by the Prime Minister and assuming a broad composition of political decision-makers
and key stakeholders, the Council is charged with – among other things – coordinating and
consolidating research and innovation policies. In terms of impact analysis, the Council is
particularly interesting object of study as it has often been considered as a key element
behind the success of Finnish research and innovation policy (e.g. Benner 2003). It has
become an international benchmark and attempts have been made to transfer the model to
several countries (e.g. Sweden, the Netherlands). Yet, prior to this study there is lack of
evidence of the effects of the council’s work.
The paper will develop a conceptual framework for analysing the impacts of high-level
research and innovation councils. The framework will take into account the nature of the
councils’ activities and their impact logic. In particular, as such councils normally do not have
decision-making power nor executive power, their impacts are primarily indirect and “soft”
effects that become manifested in other actors’ activities and strategies. Hence the
framework will combine perspectives from traditional logic-linear evaluation models (e.g.
Lähteenmäki-Smith et al. 2006) and systemic evaluation models that take into account the
broader operational environment and interaction therein (Dyehouse 2009). The paper will
also draw attention to challenges in impact assessment of high-level policy councils that rely
on indirect impact mechanisms in their activities.
In empirical terms, the paper will focus on analysing the impacts of the Research and
Innovation Council of Finland during the period of 2005-2012 from three interrelated
perspectives: influence on the macro-level development of the national research and
innovation system, impact on governmental decision-making and impacts on the
development of national R&D funding. In addition, the results will be compared to
observations on a few similar European councils.
The paper is based on multiple data sets which comprises 32 personal interviews with key
Council members, policy-makers and stakeholders, an extensive survey targeted at Council’s
stakeholders (n=473) and document material including e.g. the Council’s reports, minutes of
meetings and other policy documents.
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Building bridges between Science and Innovation Policy and International Relations
Francisco Del Canto Viterale, Danielle Wood and Takeru Igusa
This research studies the intersection between Science and Innovation Policy and
International Relations; specifically to analyze the use of a new framework to study how
actors at the international level are using science and innovation to develop and improve
their technological capabilities, pursue national strategic objectives, and improve their
geopolitical positions. The main objective of this research is to apply a new theoretical and
methodological framework that provides a comprehensive map of the current reality of
science, technology and innovation policy within the international system. As an example, in
this presentation the new model will be applied in the strategic sector of space technology,
and a case study from Vietnam will be used to illustrate the analysis methods and key
findings. The analysis uses an interdisciplinary, systems approach and applies systems models
to study the main characteristics of science, technology and innovation in international
relations. The result is the creation of a new framework to analyze science and innovation
policy within the international system that describes and explains the actors, interactions
among actors, internal processes, and emergent realities within the process. This research is
part of broader collaboration between the Johns Hopkins, and the Massachusetts Institute of
Technology.
The world order after the Cold War exhibits a new transitional scenario in which science,
technology and innovation have become key factors. At the beginning of 21st Century, these
variables are key drivers of economic growth and societal progress. Major actors in the global
arena are investing in science, technology and innovation activities, and are using science and
innovation policy as an instrument through which seek to build technological capability in
order to improve their economic development and geopolitical power. As a consequence,
the intersection between Science and Innovation Policy and International Relations is
becoming in a new and very significant issue within the international relations agenda.
The use of an interdisciplinary, systems approach to study the characteristics of science,
technology and innovation within the international systems is a new and powerful tool. This
presentation presents preliminary results of this ongoing research effort, including the
following three findings: 1) The creation of a new tool in order to analyze how actors are
using science and innovation policy within the global system; 2) A description and explanation
of the relevance of the Emergent Properties within the Model to understand the main
characteristics of a science and innovation policy at the international level; 3) An application
of the new Model to a specific technological sector, namely space technology in a case study
of Vietnam.
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The Systems Architecture Model is a new methodological tool to analyze the mutual impact
between Science and Innovation Policy and International Relations. The new framework
considers each science and innovation policy by defining the International Context, Actors,
Interactions, and Internal Processes. The context forms the environment of science and
innovation policy (i.e. the global international systems). The actors include States,
Companies, IGOs, etc.; these actors tend to interact in modes such as Cooperation and
Competition. This interaction leads to processes or mechanisms that generate policy via
Production, Transmission, and Governance.
The use of the new framework as a new methodological tool also reveals the emergent
properties that come up in each of case study. These emerging realities related to science
and innovation policy appear in the international system as a result of the relationships
among global actors, and these new phenomena are becoming key issues in international
agenda. For example, the increasing use of Science Diplomacy as a tool for foreign policy, the
relevance of Diaspora in the design and performance of science and innovation policy, the
growing gaps in scientific knowledge at international and regional levels, or the ongoing
competition among international actors to recruit and hire highly skilled personnel around
the world, all are evidence of the intersecting concerns across science, innovation and
international relations.
Also, the paper shows how the new model can be applied in a particular case study of science
and innovation policy in the Vietnam space program. The main findings show the
development of a new science and innovation policy in Vietnam has had a strong
international component. This research has found many emergent realities that come up
from the Vietnamese science and innovation project which are related to international
relations, for example, increasing participation in multilateral intergovernmental fora,
developing international training programs for Vietnamese researchers, or the participating
in satellite projects in partnership with France, Japan or Belgium
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Entrepreneurial Exposure to University Research: Evidence from Europe
Yannis Caloghirou, Aimilia Protogerou and Nicholas Vonortas
This paper studies the structure and behavior of young companies established by
entrepreneurs holding advanced post-graduate degrees (Ph.D.). In this respect, the paper
explores the formation of new entrepreneurial ventures created by persons who have been
previously exposed to academic research for a considerable amount of time, at a bare
minimum of three years during the preparation of their Ph.D. thesis. This is a form of
academic-related entrepreneurship- defined rather broadly- implemented by graduates of
an advanced knowledge background. The paper focuses on the direct or indirect relationship
of the founders with university education and research. In this framework, the paper
contributes to the study and further understanding of the emergence and growth of
Knowledge-Intensive Entrepreneurship (KIE). KIE can be considered as an important
transformative mechanism which converts knowledge (tacit or codified) to economic activity.
The paper uses empirical data from a large-scale survey in ten country members of the
European Union including the big four (France, Germany, Italy, United Kingdom), small
advanced economies in the north (Denmark, Sweden), smaller catching-up country members
(Czech Republic, Greece, Portugal), and a candidate member country (Croatia). We look at
traditionally classified high-tech and low-tech manufacturing sectors as well as knowledge
intensive business service sectors.
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New companies can trace their origins to Universities in a variety of direct or indirect ways
falling under the term of Academic Entrepreneurship:
•
“Spin offs that are new ventures dependent upon licensing or assignment of an
institution’s IP for initiation (Strict definition used by AUTM in the US).
•
Companies established by University graduates after the completion of their studies.
In this case it is not clear whether the company is based on specific knowledge created and
transferred in the University setting or whether the founder(s) accumulated the knowledge
they use outside the University in their career trajectory as professionals.
The founding team is considered a very important factor in the creation of new
entrepreneurial ventures. In particular, the cognitive base and the educational background
of the founders is an important variable for the study of KIE in general and academic
entrepreneurship in particular.
In this paper we adopt the broader definition of Academic Entrepreneurship and investigate
whether new ventures founded by Ph.D. holders exhibit different characteristics and/or
different behavior patterns compared to the rest of the knowledge-intensive entrepreneurial
firms established in the same period in Europe. The paper explores the extent to which this
form of academic-related entrepreneurship possesses different properties in relation to
knowledge sourcing, funding, attraction of postgraduate holders, etc.
Our basic premise is that exposure of company founders to university research affects
entrepreneurial incentives and behavior in ways that reflect higher levels of creation and use
of scientific and technological knowledge and market niche specialization. In particular we
look at the educational levels of employees, factors affecting firm formation, funding sources,
factors to create and sustain competitive advantage, overall strategic direction, sources of
knowledge, and innovativeness by two groups of new companies: those founded by at least
one person holding a Ph.D. degree and the rest.
The empirical findings suggest that young European companies whose founders have been
exposed to academic research, in the aggregate, indicate a fair degree of similarity in
behavior to those whose founders have not had the same exposure. Important similarities
between the two groups of companies include:
•
market focus and offering of novel products or services are the critical factors for
creating and sustaining competitive advantage;
•
main company strategy is to offer unique products and services followed at some
distance by exploiting new market niches;
•
clients are the most important source of knowledge.
However, more careful cross examination reveals for the former group of firms (PhD
founders) a picture of:
•
higher knowledge intensity and innovativeness;
•
increased awareness of intellectual property protection;
•
higher dependence on internal R&D and external networks as sources of knowledge;
and
•
more reliance on venture capital funding
The paper subsequently performs the analysis and reports results for three separate groups
of sectors:
(a)
high and medium-high technology manufacturing;
(b)
low technology manufacturing;
(c)
knowledge-intensive services.
Important policy implications follow.
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Universities as Research Partners: Exploring the Influence of Universities on
Research Joint Venture Performance
Albert Link
THIS PAPER IS SUBMITTED AS PART OF THE SESSION PROPOSED BY NICK VONORTAS TITLED
"ACADEMIC ENTREPRENEURSHIP"
The National Cooperative Research Act (NCRA) of 1984 (Public Law 98-462) provided
incentives for firms to form research joint ventures (RJVs). Those firms that did and that also
filed their research intensions with the U.S. Department of Justice (DoJ) received certain
antitrust indemnification. The DoJ published those filings in the Federal Register. The filings
in the Federal Register have been viewed as the population of U.S. RJVs.
Over time, the number of new RJVs followed an up and down trend. The expansion in the
number of new RJV continued from the mid-1980s until late-1990s. This upward trend might
have been influenced by the cyclical upturn in the business cycle in the United States that
began in 1991. RJV activity waned beginning in the mid-2000s. Perhaps this downward
pattern reflects an overall industrial trend toward open innovation.
I have interacted with and interviewed over time a number of individuals in the firms that
formed the RJVs published in the Federal Register. This identification/contact/discussion
process began in the late-1980s. My motivation for identifying and nurturing these contacts
was to build a database relevant to the formation of an RJV and to track its progress over
time in an effort to understand its life cycle and related dimensions of its success and/or
failure
Of the 1,331 Federal Register filings through 2012, I have collected longitudinal project
information on 117 RJVs. This decades-long data collection process was not designed to be
random. Rather, I made an effort to identify the founder for all RJVs, but contact information
was not always available and even once an individual was identified in the founding firm,
his/her willingness to participate in the data collection process often diminished over time.
Still, and simply by chance, the resulting sample of 117 RJVs, which I call the National
Research Joint Venture Database (NRJVD), is balanced across years and by RJV membership
size.
I am proposing to investigate empirically covariates with the performance of each RJV. To
the best of my knowledge, this paper is unique in its ability to quantify such dimensions:
publications, patents, revenues to date and expected for the founding firm, employment
growth in the founding firm, and formation of subsequent joint ventures.
The covariate of particular interest is whether the RJV has a university as a research
partner and the role that the university played in the venture (e.g., faculty member as a
researcher, use of university equipment, etc.). A preliminary examination of the data
suggests that university faculty involvement is correlated with RJV performance, holding
constant characteristics of the RJV and of the founding firm.
Assuming that through more detailed analyses this preliminary finding is robust, the paper
will conclude with organizational as well as policy recommendations.

A Trajectory of Spinoff Success:
Entrepreneurial University Ecosystem
Christopher Hayter

Conceptualizing ‘Optimality’ within an

(NOTE: please consider this paper for the session organized by Nicholas Vonortas entitled
"Academic Entrepreneurship"). If you do not approve his session proposal, please consider
my paper for other sessions. Thank you.)

32

The recent financial crisis and an increasingly competitive global marketplace have
heightened interest among policymakers and scholars alike regarding the economic impact
of university entrepreneurship (Rothaermel et al. 2007). While universities play a wellunderstood role in the production of new knowledge and human capital (Utterback 1994;
Romer 1986), policymakers promote academic entrepreneurship, typically defined as the
establishment of new university spinoffs based on faculty research, believing that these new
companies will generate new innovations, accelerate productivity, and generate prosperity
for regional economies (van Praag and Versloot, 2007; 2006; Shane, 2004).
University spinoffs can be conceptualized as a window through which both the innovation
and entrepreneurship contributions of universities are examined (Guerrero and Urbano
2013; Svensson et al. 2011). Technology commercialization among university spinoffs offers
an intermediate outcome-based measure of economic development—and innovation—
success but its realization by academic entrepreneurs is anything but guaranteed (Druilhe
and Garnsey 2004; Franklin et al. 2001; Hayter 2013a; Hayter forthcoming; Mosey and Wright
2007).
Specifically, the entrepreneurial decision and spinoff establishment—a proxy of
entrepreneurial propensity—are often tied to factors internal to the university, including
faculty motivations (Hayter 2011), internal culture (Feldman and Desrochers 2004), and
entrepreneurship education programs (Pittaway and Cope 2007). Contextual factors,
especially institutional and regional policies and programs, including science parks,
incubators, proof of concept centers, and venture funds, also matter (Blair and Hitchens
1998; Bradley et al. 2013a; Bradley et al. 2013b; Siegel et al. 2003). Finally, the impact of
provincial (or state) and national level policies and programs on spinoff success has emerged
as an important topic of examination (Shane 2004; Lerner, 1999). What is missing within the
literature is a conceptualization of ‘structural optimality’: how do we concurrently maximize
both the entrepreneurial and innovative contributions of universities to accelerate regional
economic and social development?
In an effort to bridge this auspicious gap within the literature, the proposed paper will
compare the evolution of social networks among academic entrepreneurs to the
developmental trajectory of their university spinoffs. The paper will focus specifically on the
role of institutional and regional context, especially the role of policies and programs
intended to encourage the formation of university spinoff and support their success. By
empirically examining the growth trajectory of university spinoffs within these disparate
contexts, we seek to conceptualize the various components of an optimal entrepreneurial
university ecosystem.
An analysis of social networks is performed under the assumption that what Wright et al.
(2007) deem as social resources are, in addition to technical, human, and financial resources,
a critical complement to spinoff success. Research shows that social networks enable
entrepreneurial development, from enterprise founding and growth to turnover (Jack, 2010).
Surprisingly, resource-based approaches often fail to acknowledge the antecedent role of
social networks for spinoff development (Jack, 2010; Zimmer and Aldrich, 1987).
Data that would be used for the proposed paper were collected during a nation-wide study
of spinoff success (see Hayter 2013) and a more recent study of entrepreneurship networks
within New York State (see Hayter forthcoming). Davidsson (2004) recommends that
researchers obtain data from a sample of cases that are theoretically relevant, reflect the
critical unit of analysis, reflect relevant variances in phenomenon characteristics, and are
“workable” from a practical point of view. Thus, the proposed paper will include six to ten
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case studies of university spinoffs located in the Northeast United States, emphasizing a
substantial degree of variance including different stages of development.
Initial results show that composition, contributions, and evolution of social networks among
academic entrepreneurs are critical to the entrepreneurial development of their respective
spinoffs. Further, a sizable proportion of spinoffs within the aforementioned studies
benefited from institutional, region, state, and federal policies intended to spur
entrepreneurship and technology commercialization. We will explore the contributions of
these contextual elements in detail through the lens of social network evolution in order to
more fully conceptualize the optimal ecosystems of an entrepreneurial university.

On the Geographic Distribution of Knowledge-Intensive Entrepreneurship: An
Evaluation of the State of São Paulo, Brazil
Bruno Brandão Fischer and Sérgio Queiroz
This abstract is part of the session proposal "Academic Entrepreneurship", organized by
Professor Nicholas Vonortas.
INTRODUCTORY ARGUMENT
Expectations behind knowledge-intensive entrepreneurship (KIE) are that these ventures can
enhance levels of innovative potential and generate a wide array of socioeconomic gains at
the system level. Nonetheless, history has shown that the distribution of these activities is
concentrated in space, a function of agglomeration economies and the existence of a
multidimensional structure that fosters the location of entrepreneurial activity (such as
market size, human capital pool, presence of research-oriented universities, support systems,
among others).
Understanding the determinants and dynamics of emergence of these entrepreneurial
ecosystems represents a fundamental aspect in defining public policies that aim at: i)
reinforcing existing structures; ii) coordinating and facilitating the rise of latent systems.
Although this seems like a straightforward conclusion, the economic environment that
underlies these agglomerations is often poorly assessed by KIE-enhancing initiatives,
generating inefficient allocation of public resources.
We propose an in-depth evaluation of the geography of KIEs in the State of São Paulo, Brazil.
We depart from the basic hypothesis that the generation of KIE in São Paulo (and in
developing regions in general) is overestimated by public authorities. More than that, its
existence is likely to be spatially concentrated around regional centers of excellence that
already present main characteristics of entrepreneurial ecosystems.
Our primary goal is to explore and identify the main conditions that characterize these hubs
of entrepreneurship, assessing their role as determinants of KIE location. In order to so, we
aim at building a thorough picture of entrepreneurial activity throughout the unit under
scrutiny. Our interest is to generate empirical knowledge on the geography of innovationoriented entrepreneurship concerning its potential public policy implications. Further aspects
in the scientific realm, particularly connected to the dynamics of KIE in developing countries,
are also in our agenda.
METHODOLOGICAL PROPOSAL
Our empirical exercise is based on data from the PIPE/FAPESP program (Innovative Research
in Small Enterprises, managed by the São Paulo Research Foundation), an initiative that
grants subsidies for entrepreneurial projects that present high levels of knowledge-intensity
and innovative potential. Though we recognize this dataset represents a small fraction of the
KIE scenario in the State of São Paulo, it also offers an interesting source of "certified"
knowledge-intensive entrepreneurs for 1196 ventures. This poses the possibility of working
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with high-quality microeconomic data, instead of resorting to the analysis of knowledgeintensive sectors (and all of its internal heterogeneities).
Data is mainly oriented towards the geographic location of ventures, their broad area of
expertise, and the profile of entrepreneurs (formal education, prior work experience and
professional relationship with HEIs). We have also gathered complementary data on
economic conditions of firms' locations (skilled labor indicators, HDI, patents and
technological specialization, jobs in STI) as indicators of the socioeconomic environment in
which these new ventures are embedded. These variables function as proxies for the
evaluation of the entrepreneurial ecosystems' rationale within the scope of our sample.
From this we attempt to build a descriptive analysis of the KIE geographical structure within
São Paulo, through standard procedures, such as locational Gini and explanatory explorations
of socioeconomic data. More robust analyses consider the density of KIE according to local
population and economic weight of regions within the State of São Paulo.
PRELIMINARY RESULTS
Preliminary results indicate a lack of critical mass of KIEs in peripheral regions of the State of
São Paulo, particularly those that are apart from the São Paulo metropolitan area.
Nonetheless, the "distance dimension" is by no means deterministic, as regions such as São
Carlos represent core locations for knowledge-intensive entrepreneurship (provided it has
major research-oriented universities and a highly skilled workforce).
Our sample also provides suggestive information on the inadequacy of transactional
approaches to entrepreneurship that cover relatively large areas. Such linear forms of
assessing innovation policy are likely to be economically inefficient, whereas relational,
systemic, forms of connecting agents within areas of a denser entrepreneurial activity can
provide more satisfactory outcomes. In this regard, governmental strategies towards regional
development must take into account that peripheral locations often lack the fundamental
"critical masses" to become high-tech poles, a feature that can hardly be tackled by funding
isolated KIEs.

Session 7.b: Innovation Policy Theory
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Time Perception, Time Horizons, and S&T Policy
Richard Barke
Investments in research and development, especially in basic research, have been justified
since Vannevar Bush’s 1945 report by arguments in favor of long-term patience and a faith
in nonspecific but likely eventual benefits, both tangible and systemic (Arnold 2012). A 1992
NAE report the relationship between risk and time horizons for technology investments is
affected by many factors, and recommended several steps to increase companies’ long-term
perspectives. The role of time in shaping S&T practices and policies is crucial, but in recent
years cognitive scientists, psychologists, organization theorists, and decision theorists have
increased our understanding how people and institutions make decisions that involve varying
time spans, and it appears that time, as a factor in individual and institutional behavior, is
more complex than traditionally assumed. It is not linear or constant across individuals or
institutions.
For example, some evidence suggests that we tend to think of time somewhat
logarithmically, with compression of our perception of future events occurring over rather
short time scales, perhaps with typical time horizons of days, weeks, or months, rather than
years or decades. It appears that humans possess a dual temporal capacity that allows them
to function in both near time and deep time thought (e.g., Koritzky 2013; Daly, Harmon, &
Delaney 2009; Rubia & Smith 2004). Similarly, scholars have noted that many successful
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technology companies employ diversified temporal portfolios, with some activities aimed at
satisfying short-term earnings per share and others aimed at long-term research investments.
Superior financial performance in firms often is associated with “a diverse portfolio of time
horizons,” requiring complex cognitive structures and strong managerial control (Judge &
Speitzfaden 1995). Many other factors have been found to determine or shape an
institutional time horizon: “coincidence, informal networks, intellectual capacities and
creativity, … opinion leaders, individuals with strategic capabilities and powerful actors from
business, policy, science or society and culture” (Loorbach, 2007, p. 105).
Advocates of long-term policies such as investments in research and development must
consider the justifications – economic, ethical, and political -- for incurring current costs to
achieve uncertain long-term benefits. Analysts of such policies must consider the effect of
nonconstant time perceptions on questions such as the characteristics and predictability of
time preferences and discounting of future costs and benefits (Arnold 2012; Loewenstein,
Read and Baumeister 2002; Mowery, Nelson & Martin 2010; Council for Science and Society
1989). For S&T policy in particular, this paper will consider the implications of emerging
understanding of time perception and time horizons on questions such as political processes
for justifying long-term R&D investments, the appropriate discounting of economic and noneconomic phenomena, and temporal aspects of public perceptions of the benefits and risks
of scientific research and technological development.
Arnold, Erik. 2012. Understanding long-term impacts of R&D funding: The EU framework
programme, Research Evaluation (2012) 21 (5): 332-343
Council for Science and Society (1989). The Value of 'Useless' Research: Supporting Science
and Scholarship for the Long Run, (London: The Council for Science and Society).
Daly, Michael, Colm P. Harmon, and Liam Delaney. "Psychological and biological foundations
of time preference." Journal of the European Economic Association 7.2-3 (2009): 659-669.
Judge, William Q., and Mark Speitzfaden. 1995. "The Management of Strategic Time Horizons
within Biotechnology Firms The Impact of Cognitive Complexity on Time Horizon Diversity."
Journal of Management Inquiry 4.2: 179-196.
Koritzky, Gilly, et al. 2013. "Processing of time within the prefrontal cortex: Recent time
engages posterior areas whereas distant time engages anterior areas." Neuroimage 72: 280286.
Loewenstein, George, Daniel Read, and Roy E. Baumeister. 2002. Time and Decision:
Economic and Psychological Perspectives on Intertemporal Choice. New York: Russell Sage.
Loorbach (2007), Transition Management. New Mode of Governance for Sustainable
Development, Utrecht: International Books, PhD thesis, June 7. 2007
Mowery, David C., Richard R. Nelson, and Ben R. Martin. "Technology policy and global
warming: Why new policy models are needed (or why putting new wine in old bottles won’t
work)." Research Policy 39.8 (2010): 1011-1023.
Rubia, Katya, and Anna Smith. 2004. "The neural correlates of cognitive time management: a
review." Acta neurobiologiae experimentalis 64.3: 329-340.

Innovation Policy Learning: Three types of lessons from existing evidence
Jakob Edler, Paul Cunningham, Abdullah Gök and Philip Shapira
The notion of innovation policy is relatively new, coming into currency in the early 1970s.
However, there has been a massive expansion of use in scholarly, management and policy
spheres in the 1990s (Fagerberg, 2014) and today. Considerable policy hopes are placed in
the promise of innovation policy and a broad range of innovation policy instruments have
been designed and implemented.
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While there is a recognition that many policy efforts to foster innovation fail to meet
aspirations, there seems to be a broadly shared view – growing and broadening over the last
20 years or so (Stewart 2012) – that with well-defined intervention rationales, intelligent
policy design, appropriate instrumentation and effective implementation, public intervention
can make a difference, and deliver on the ever broader list of innovation policy goals. At the
same time, it is suggested, notwithstanding much conceptualization about policy design and
implementation, that we continue to lack a consistent underpinning theory that can guide
design and analysis (Fagerberg, 2014, Martin, 2014), and thus policy intervention and the
analysis of its effects are based, at best – on partial economic, systemic (Dodgson et al., 2011,
Klein Woolthuis et al., 2005) and societal intervention rationales .
Against the background of high and growing expectations vis-à-vis innovation policy and lack
of a sound theoretical base for innovation policy, this paper (1) contributes to a better
understanding of the functionality and impact of innovation policy instruments and, more
importantly (2) critically reflects on broader insights related to impact analysis and its limits.
The main aim of this paper is to better understand the conditions for sand limits of learning
in innovation policy, and to suggest ways forward for innovation policy analysis and
conceptualisation.
The paper starts off with a discussion of the existing literature on rationales for and
theoretical reflections on innovation policy and existing typologies. It then introduces its own
typology of instruments which is conceptually based on the idea of multi layered instrumental
goals. On the basis of this typology, the paper synthesis the findings of a meta-evaluation of
18 innovation policy instruments based on the Manchester COMPENDIUM
(http://innovation-policy.org.uk/)) in terms of their effectiveness and the underlying
conditions for effectiveness.
With the existing evidence we have we will then demonstrate the limitations inherent in the
question: “what works in innovation policy”, the answer to which must be: it depends. We
will show how “what works” in innovation policy depends on a raft of factors, including the
meaning of context conditions, the application of different analytical lenses and methods
used to analyse effects, and insufficient means to capture spill over, interaction and long term
effects of innovation policy instruments. Only if we understand these learning limitations
more thoroughly can we make best use of existing evidence for future policy design.
On that basis we reflect on the shortcomings both in policy practice and policy analysis that
can be identified as a result of the meta-evaluation. The paper will suggest ways forward and
a set of concrete principles as for instrument design, implementation and analysis in
innovation policy. This will not deliver an instrumental or analytical “tool box” for innovation
policy. If anything, it seeks to make a contribution to more reflexivity. The set of basic
principles for instrument design and analysis will have to be applied flexibly, taking into
account systemic contexts and evolution over time and allowing for informed policy
experimentation.
While this paper makes a contribution to the understanding of innovation policy and policy
learning in the STI policy community, it builds bridges to political science approaches to policy
learning more generally.
References
DODGSON, M., HUGHES, A., FOSTER, J. & METCALFE, S. 2011. Systems thinking, market
failure, and the development of innovation policy: The case of Australia. Research Policy, 40,
1145-1156.
FAGERBERG, J. 2014. Innovation policy. In search for a useful theory. Lundvall Symposium:
Innovation Policy - can it work. Aalborg.
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Policy coordination mechanisms in centralized and decentralized countries
Edurne Magro and Jon Mikel Zabala-Iturriagagoitia
This paper sheds light into the policy coordination concept and explores its implications for
science, technology and innovation (STI) policies. We develop a framework that brings
together insights from institutional and public policy theories with concepts from STI policy
and innovation systems. This model is evidenced in two regions, the Basque Country (Spain)
and Skåne (Sweden). As a result, the paper discusses different types of STI policy coordination
according to the institutional settings (i.e. centralized vs. decentralized, agency-based vs.
multi-organizational forms) in which they are embedded.
Policy coordination is an important and often neglected issue in STI policy that has been
traditionally studied in the literature of institutional theory and public policy itself. However,
little attention has been paid to it in other streams such as STI policy, innovation systems, or
the recent developments in territorial strategy approaches.
Both theoretical contributions and case studies recognize the role played by public bodies
and new governance models in facing policy and institutional failures. This is particularly the
case in the regional context, where a huge range of complex and multi-level institutional
settings coexist and conflicts among interdependent actors take place.
Two dimensions of complexity can be distinguished in STI policy: the policy- mix and multilevel governance. The policy-mix concept denotes the diversity of innovation instruments
from different domains that can be applied, while multi-level governance focuses on the
levels in which policies are designed and administered. In this sense, we can find STI policies
administered at supranational, national, regional or even local levels and instruments
belonging to STI domains but also to health, industrial or energy domains, influencing the
orientation of regions towards innovation. In this sense, regions can be regarded as policy
spaces in which different policies and instruments administered at various levels interact, and
as also as the geographical area where their outcomes will be felt.
STI policy and the instruments available for its implementation as well as regions have
evolved, forming increasingly complex contexts where policy coordination mechanisms have
not coevolved. In other words, STI policies are conceived as systemic policies by institutional
settings that lack systemic policy-making processes. In fact, it is very common to find (in
national or regional domains) policies designed and implemented by an isolated
governmental department without any mode of coordination with other (related) policies
implemented by other departments or at different levels. In this sense, the literature has
provided some possible coordination mechanisms such as the creation of centralized
agencies, coordination councils, creation of superministries, etc.
In this paper we aim at making a step forward and explore which are the coordination modes
and mechanisms that might best fit into different STI policy-mixes and contexts. We compare
two regions which despite being different in many aspects, have many things in common
when it comes to STI policy. The two territories count with economies focused on the
international scene, register income per capita levels above the EU average and show intense
collective organization concerning social cohesion. As to their research orientation, both
38

regions show a similar pattern in the diversity of research areas covered and have a
sophisticated innovation system in which STI activities play an important role.
The paper contributes to the literature by analyzing the benefits and limitations of the
coordination modes signaled by scholars in the STI stream and point out which coordination
modes and mechanisms might best fit into diverging institutional settings.

Innovation policy, technological dynamics and economic performance: In search of
a useful theoretical framework
Jan Fagerberg
The popularity of the term “innovation policy” is of relatively recent origin. To the best of
our knowledge it comes – as so much within the field of innovation studies - from the
intellectual environment that developed around the Science Policy Research Unit (SPRU) at
the University of Sussex from the late 1960s onwards. However, the real surge of interest had
to wait until the1990s, when international organisations such as the OECD (alongside various
national governments) started to pay attention to the phenomenon.
By now we have several decades of experience with innovation policy (if not more) and it is
time to take stock of what has been learnt and consider what the challenges for the theory
and practice may be. This paper contributes to this process by focusing on the extent to which
we have developed a theoretical framework that is sufficiently helpful.The discussion
concentrates on innovation policies aiming at improving a nation’s economic performance.
The “innovation policy” term may be used in different ways. For example, it may be defined
broadly as all policies that have an impact on innovation, or more narrowly as policies (or
policy instruments) created with the intent to affect innovation. Nevertheless, if we are
interested in the impacts of policy on innovation and economic performance, the former,
broader definition appears more appropriate (although it arguably complicates life for the
analyst). Different usages of the term may also reflect different understandings of innovation:
Does it refer to the entire process from the emergence of new ideas to their economic
exploitation (broad definition), or is it limited to the first occurrence of a new product,
process or way do things (narrow definition)? However, while innovation may be a
fascinating topic in its own right, this is not the reason why most policymakers are interested
in it. Rather what they are interested in is the beneficial economic effects that innovation is
assumed to have, not only for the innovator, but for a country or region as whole. From this
perspective the broader definition makes most sense, since what mainly matters for the
economy is not the first occurrence of an innovation but its subsequent diffusion and use
including the effects that this gives rise to.
An important conclusion from the discussion is that a distinction needs to be made between
the characteristics – or “structure” – of a national innovation system and its dynamics.
National innovation systems have evolved through interaction between the economic and
political system of a country. Since countries differ industrially, industries (or sectors) have
different innovation dynamics (and requirements) and political systems differ in their origins
and characteristics, national innovation systems may end up as looking rather different. Such
differences are not necessarily a problem, however, as much policy-advice based on so-called
“benchmarking” seems to take for granted. Arguably, an unsatisfactory state or “problem”
cannot be revealed by studying a single component of a system. What is required is an
analysis of the technological dynamics of the national innovation system as whole.
While the characteristics – or structures – of national innovation system may differ a lot,
there may still be common features related to the technological dynamics occurring within
these systems. This has to do with the fact that innovation and diffusion follow certain
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regularities, which have been extensively analyzed and documented by innovation research.
Guided by recent advances in innovation systems research the paper outlines a synthetic
framework for analyzing the technological dynamics of a country. It is shown that the
technological dynamics of a country is the result of interaction between a number of different
processes that are influenced by a range of policies, many of which do not carry the
“innovation” label and primarily have other goals. An effective innovation policy, therefore,
requires close coordination of policies across a number of different domains, and the
development of new forms of governance and supporting knowledge bases that makes this
possible. It is argued that greater attention should be paid to the policy experiments that
have emerged in various countries to achieve some of these aims.
In recent years a lot of attention has been devoted to the evaluation of single innovation
policy instruments in various countries. However, such evaluations risk missing their point if
interactions between different policies, as well as system-wide effects and feedbacks, are not
properly taken into account. What is needed are system-level evaluations . There has been
little discussion, though, about the methodologies for carrying out such analyses, a topic on
which the research community in this area should be well placed to contribute.
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Solar Photovoltaic Innovation in China
Xiaojing Sun
The solar photovoltaic (PV) industry in China has experienced rapid growth in the past
decade, expanding from almost non-existent at the turn of the 21st century to an industry
that is worth multi-billion dollars in 2014. Chinese solar PV installed capacity has doubled
every year since 2007, reaching 7 GW in 2012, 11 GW in 2013 and 12 GW in 2014. Besides
the fast deployment of solar PV, China also has the world’s largest PV manufacturing capacity.
PV made in China accounted for 56% of global PV sales in 2013, and seven out of the world
top ten PV manufacturers are Chinese.
Despite its strong manufacturing and deployment capacity, China is a latecomer to PV
technology innovation. The U.S. National Renewable Energy Laboratory (NREL) tracks the
world record lab efficiency of 23 types of PV technologies between 1975 and 2014 and none
of them was set by Chinese entities. Even in the commercial production realm, Chinese
companies traditionally are known as the producer of low- to medium-efficiency solar PV.
In this study, we examined a few areas related to solar PV innovation and discovered that the
gap between China and the world leading PV innovators is indeed narrowing. For example,
we tracked the record efficiencies of four types of popular PV technologies among Chinese
players in the past 10 years and compared them to the world record efficiencies complied by
NREL. The results indicate that three out of the four technologies have shown narrowing gaps
over time between the Chinese records and the world records, indicating that the efficiencies
of solar cells made in China are increasing at a higher rate than the rest of the world. Using a
different metric, we analyzed the number of patents granted in China and found that the
number of patents granted to Chinese entities has grown significantly in all the 16 types of
PV technologies examined. For three quarters of the technologies, foreign entities used to
hold the majority of the patents in Chinese market, but the trend started to reverse since
2009. In certain technology space such as dye-sensitized and organic solar PV, Chinese
entities were even the major patent holders to begin with. These evidences suggest that
players in the Chinese solar PV industry have become more innovative over time.
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Given the evidences that the innovation capacity in the solar PV section in China is
strengthening, we were curious about the drivers behind the change. Further analysis
suggests that two factors have strong influence on China’s growing PV innovation strength.
First, China has a national strategy for solar energy, which was formulated since the 10th Five
Year Plan (FYP) in 2001 and has since evolved in the subsequent two FYPs. The strategy has
been carried out by the National Science Foundation of China (NSFC) and various programs
under the Chinese Ministry of Science and Technology (MOST). Through NSFC and MOST,
China has funded the research of a portfolio of PV technologies throughout the RD&D cycle.
In particular, China has allocated a disproportionally large amount of financial resource to the
research of emerging PV technologies and high-efficiency commercializable technologies
because the historical innovation gap between China the world leading innovators are
relatively small in these areas and therefore, the likelihood for China to leapfrog in innovation
is higher.
Second, technology innovation has become a globalized enterprise and China is a likely
beneficiary of such trend. In this paper, we mapped the global innovation network of five
types of popular PV technologies. Three models of globalization of innovation emerged. For
HIT technology, Chinese companies have been collaborating with domestic and foreign
research institutes through official institutional channel. For technologies like CdTe,
pervoskite and organic solar PV, oversea-trained Chinese researchers who returned to China
to work in either academia or private companies have become the major driver of innovation
improvement in these technology areas. The third model is represented by Hanergy, the
largest Chinese thin film solar PV manufacture, who has made news headlines by purchasing
4 innovative CIGS companies in the U.S. and Europe. The merger and acquisition strategy has
allowed Hanergy to become an industry leader for controlling high-efficiency technologies,
although no argument can be made regarding the originality of its innovation capacity.
In summary, China has long been seen as the laggard in PV technology innovation albeit its
strong record in PV manufacturing and deployment. This paper presents a suite of evidences
suggesting that China had made strides to close the innovation gap between itself and the
world leading PV innovators. The mechanisms behind the trends investigated. It is found that
a national PV innovation strategy coupled with strong public finance support as well as a
globalized innovation network have facilitated the growth of China’s PV innovation capacity.

Can citation patterns be used to identify new technologies at very early stage?
Jos Winnink, Robert Tijssen and Ton van Raan
Transformations and applications of scientific knowledge into new technologies are usually
complex interactive processes. In several situations, e.g. the optimal allocation of resources
for R&amp;D, it is desirable to be able to identify at early stage scientific discoveries that have
the potency to lead to major changes in existing technologies or even to new technologies.
Scientific discoveries come in several flavours based on the impact of a discovery on the
evolution of science. Some discoveries have a major impact on the evolution of science and
are called a ‘major discovery’ or a ‘breakthrough’. Subject experts are able, especially in
hindsight, to value the impact of a particular discovery on the evolution of a particular field
of science. The fact that ‘breakthrough’ is not a well-defined term complicates the
identification of such phenomena. This lack of consensus applies to ‘breakthrough’ scientific
discoveries, ‘breakthrough’ inventions, ‘radical’ technological innovations and other related
concepts. In general the term ‘breakthrough’ refers to a major change that opens up new
possibilities.
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In the past few years we conducted four case studies in order to develop bibliometric
heuristics and algorithms based on citation patterns in bibliographic data. These heuristics
and algorithms should answer the question:
‘Is it possible to detect at early stage from bibliographic information structural alterations
and significant events that indicate potential breakthrough discoveries in science that could
evolve into new technologies?’
The objective of our research is to come up with analytical methods that are able to identify
within 2-3 years after the publication of a research article if is to be considered a
‘breakthrough’ paper. To select the case studies we relied on expert opinions as to which
discovery is to be seen as ‘major discovery’ or ‘breakthrough’. All discoveries studied in the
four case studies led to new technologies.
Several indicators pointing to structural changes in citation patterns for publications were
uncovered in the analyses of the case studies. On the basis of the results of these case studies
we developed and implemented five analytical methods that deviate from a ‘simple’ highlycited criterion, and focus on structural changes in citation patterns. Each of the methods
focuses on a different aspect of the process that we consider to be characteristic for a
breakthrough. The developed algorithms are designed to differentiate between three
different types of breakthrough discoveries. The three types are 1) discoveries not leading to
a new theoretical framework, 2) discoveries resulting in a new or changing theoretical
framework, and 3) discoveries that bridge basic research and applied research.
As our approach is based on case studies the general validity and applicability of the
indicators has to be ascertained. To do so we applied our heuristics and algorithms to the
entire Thomson Reuters Web of Science database. This validation study focuses on
publications containing original research from the period 1990-1994. The base data set in this
comparative study consists of all 2,715,651 publications with document type ‘article’ or
‘letter’ in the Thomson Reuters Web of Science database published for that period. These
publications are considered to contain the results of original scientific research. From this
base data set we extracted, by using different algorithms, two document sets that contain
214,898, and respectively 253,689 publications. The period 1990-1994 was chosen to be able
to verify and validate if the publications that were selected at early stage by the algorithms
are currently – in retrospect – still regarded as ‘genuine’ breakthroughs, and are at the basis
of new technological developments.
As there is no objective measure for a document to test if it is a ‘breakthrough’ the usual
concepts like ‘accuracy’, and ‘recall’ to test an algorithm cannot be used. We therefore relied
on an alternative approach to check if the publication that was identified by the algorithms
was indeed an outstanding publication. To do so we applied our algorithms to two sets with
original research papers from 1990-1994 that we have constructed. The test results show
that we could identify 1) all publications that are in Nature’s Top-100 list of most cited
publications ever; 2) for 60% of the Nobel Prizes in Physics, Chemistry, or Physiology or
Medicine, that are based on publications from 1990-1994, at least one of the founding
publications was identified. For all algorithms applied to the two datasets we included in an
additional test set the Top-10 publications based on the total number of citations they
received. For these publications we found that 1) they are among the publications most cited
by review papers; 2) a number of these publications is cited in ‘altmetrics’ publications from
2012-2014; and 3) a considerable number of the identified papers is cited in patent
publications, and a number are even highly cited.
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We conclude that our findings strongly suggest that our suite of algorithms present a superior
tool to trace ‘hot’ papers or even ‘breakthrough’ discoveries in science that evolve into new
technologies.

Text Analytics for Retrospective Technology Tracing: The Helios Project on
Photovoltaics Innovation
Jeffrey Alexander, John Byrnes, John Chase and Christina Freyman
A common objective in studying history is reconstruct patterns in events and behaviors, and
to see if they provide insight into current situations. In the study of innovation, the case
history method is used to reveal possible dynamics underlying the technology development
process. This method is exemplified by the NSF-funded TRACES study (Technology in
Retrospect and Critical Events in Science), conducted in 1968 by the Illinois Institute of
Technology Research Institute. The TRACES study was among the first to reveal the important
contribute of non-mission, fundamental research to downstream development. The methods
used in technology tracing are largely unchanged today, consisting of bibliographical research
supplemented by interviews with the principals involved in developing the technology under
study. A later version of the TRACES study by SRI International, also for the NSF, relied on a
very similar methodology.
Limitations of the case study method for innovation research include the expense and time
required to compile a case study (especially when trying to interview key researchers and
innovators), the inherent challenges in relying on the memory of key actors (including
information missed if key actors are deceased or unreachable), and the potential pitfalls of
generalizing insights from a relatively small number of case histories. Given current advances
in scientometrics and text analytics, to what extent is it possibly to “automate” the
production of a TRACES-type study? Would it be possible to conduct relatively large numbers
of tracing studies around particular innovations in a short period of time? What new insights
could this method generate, and would they enable us to improve how we organize and
undertake technology innovation?
These questions motivated the Helios project, an effort funded by the U.S. Department of
Energy’s SunShot Initiative to use text analytics in studying the evolution of photovoltaics
innovation. The SunShot Initiative seeks to accelerate the development of photovoltaic
systems and technologies to make solar-generated electricity cost-competitive with coalgenerated power. Helios is an attempt to use retrospective analysis to provide possible
approaches to accelerating breakthrough innovation in photovoltaics. This paper captures
some of the key findings of the first year of this project.
The Helios project leverages a number of recent developments in the use of machine learning
for technology analysis, including network science, topic modeling, and entity extraction. We
take as our guiding framework the photovoltaic efficiency chart, updated regularly by the
National Renewable Energy Laboratory. We have selected three alternate PV cell
technologies for investigation: multijunction cells (MJ), thin-film (CdTe) cells, and dye
sensitized solar cells (DSSC). These technologies were selected because they have attributes
of interest to both academic and industrial researchers, and they have diverse characteristics
in terms of their stage of maturity, performance-to-cost parameters, and the timeframe of
technology development.
The Helios project applies a number of advanced analytical techniques to the study of
relevant technical documents. The current Helios system includes five data sources:
• Bibliographic records of scholarly journal articles from the Thomson Web of Science
database service
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• Granted patents from the U.S. Patent and Trademark Office
• Full-text technical reports generated by the U.S. Department of Energy
• Records of awarded research grants from the U.S. National Science Foundation
• Selected full-text versions of scholarly journal articles from various sources
We conducted an experiment in which human technology analysts compiled case histories
for each of the three technologies of interest: MJ, CdTe, and DSSCs. We then used different
analytical techniques to generate findings comparable to elements of technology case
histories. For example, we tested the use of various network science algorithms to identify
the key researchers involved in the development of a technology. We also examined how
topic models can be used to determine and characterize shifts in the nature and focus of
research over time within a community of practice. One promising outcome is a set of
techniques that may reveal how the emergence of a new method or technique within a
community is related to later breakthroughs in technology development.
This paper provides a review of technology tracing, an overview of the Helios system
development, descriptions of the analytical techniques used in Helios, and our initial findings.
We then extend these findings to suggest new uses of text analytics and other advanced data
analysis to create next-generation scientometric tools for innovation researchers. We also
discuss how Helios may provide guidance on ways to make these analytical tools more
accessible to and useful for the research community.

Validating Emerging Technology Forecasts: Revisiting Earlier Analyses on DyeSensitized Solar Cells
Ying Huang, Alan Porter, Ying Guo and Donghua Zhu
Newly Emerging Science and Technologies (NESTs) bring numerous innovation opportunities
and challenges. At the same time, the highly uncertain dynamics of NESTs pose special
challenges to traditional technology forecasting tools. Dye Sensitized solar cells (DSSCs), a
promising third-generation photovoltaic technology, could add functionality and lower costs,
enhancing the value proposition of solar power generation in the early years of the 21st
century. DSSCs have witnessed increasing R&D activity since 1991 (Baxter 2012). We have
analyzed DSSC R&D activity patterns and trends through a series of studies -- research
profiling (Guo et al., 2010), innovation risk path estimation (Guo et al., 2012a), technology
delivery system (Guo et al., 2012b), technology roadmapping (Zhang et al., 2013), technology
opportunities analysis (Ma et al., 2014), technology evolutionary pathways (Zhou et al., 2014)
and collaboration network analysis (Wang et al., 2014a; 2014b). This paper updates DSSC
data collection to revies our earlier assessments and projections.
Our team has been building a framework of 4 stages, containing 10 steps, to analyze NESTs
to help Forecast Innovation Pathways (FIP) (Robinson et al., 2013). This method integrates (a)
heavily empirical "Tech Mining" with (b) expert-based inputs and interpretations. We draw
heavily on "Tech Mining" (Porter and Cunningham, 2005) to ascertain developmental
patterns, key participants, and potential application targets by analyzing large datasets drawn
from ST&I publication and patent databases, as well as contextual information resources
(e.g., ABI Inform). The FIP process incorporates to various degrees-- trend analyses, actor
analyses, and forecasting workshops (Guo et al. 2012c).
Future-oriented technology analyses (FTA) purport to inform Management of Technology
(MOT) and Science, Technology & Innovation (ST&I) policy processes. Yet, rarely do we revisit
forecasts or projections to ascertain how well they fared. One aim is to check accuracy, to
gain some sense of how valid those studies were and whether they proved useful to others
in some ways. Additionally, we want to assess the degree to which such future-oriented
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analyses did or did not make good use of available information. Moreover, we seek
indications of what information is key, and how FTA processes can better utilize such
information.
Pointing toward ways to improve the FIP methodology, we address several research
questions:
1)What information most importantly characterizes the NEST’s developmental progression?
How do particular trend projections fare when revisited 3-8 years later?
2)What are key elements of the Technology Delivery System (TDS) and the emerging value
chain developments? How stable are those elements over moderate time periods?
3)Which analyses of R&D activities contribute vital information on developmental trends and
leading players? How well do those analyses stand the test of time (for 3-8 years, at least)?
4)Which facets of our earlier studies have identified important factors affecting innovation
pathway progressions? How can these be better treated?
We update DSSC searches in four databases: Web of Science (WOS), EI Compendex, Derwent
Innovations Index (DII), and Factiva. Retrievals of abstract records range from about 7,000 to
12,000 from each.
This paper updates a series of Future-oriented Technology Analyses of DSSCs. It identifies
strengths and weaknesses of those analyses in terms of data characteristics, projection
accuracy, stability of actors and networks. Results suggest ways to improve the FTA
methodology. They also offer a model to consider for validation of other FTA analyses.

Session 7.d: Leiden Manifesto: Metrics in Research Evaluation
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The Leiden Manifesto: Towards guiding principles for metrics informed research
evaluation
Diana Hicks
We have been witnessing an important transition in the evaluation of research as assessment
shifts from the custom designed and peer based to the routine and metric-based. The data
for those metrics come primarily from publication, citation, other project outcomes, and may
in the future be joined by web data. This creates the risk that evaluation is now led by the
data rather than by the expert. In this environment, indicators proliferate: usually wellintentioned, not always well-informed, often ill-applied. Evaluation is implemented by
organisations without knowledge of or advice on good practice and interpretation. Everyone
struggles with the indicators and wonders how to interpret and use them. We thus risk
damaging the system with the very tools with which we seek to improve it.
Scientometricians, watch the pervasive application of indicators to the evaluation of scientific
performance with an increasing sense of alarm, aware that too many instances fall far short
of good evaluation practice. This challenge was the focus of the most recent conference of
indicator experts at the Leiden University – STI2014. Discussion at the conference and follow
on has produced a consensus statement on best practice in metrics based research
evaluation, known as the Leiden manifesto. This talk will present the Leiden manifesto.

The 2015 Hefce review on review of the role of metrics in research assessment
James Wilsdon
In the UK, the funding council HEFCE has been asked to organize an independent review of
the role of metrics in the future Research Excellence Framework exercises as well as in
research evaluation more generally by the former minister of science, David Willett. It
installed a steering group chaired by prof. James Wilsdon, professor of science and
democracy at SPRU, University of Sussex. As part of this assignment, the steering group issued
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a call for evidence on 1 May 2014. A total of no less than 152 submissions were sent in in
response to this call.
The review report will be published in the Summer of 2015, and will address, among others,
the following issues:
•
The relative metrics of bibliometrics, scientometrics and altmetrics in assessing the
academic qualities and broader societal impacts of research
•
The positive and negative effects of metrics in creating an environment that enables
and encourages excellent research and broader impact, including fostering inter- and multidisciplinary research
•
The appropriate balance between peer review and metrics in research assessment
and the consequences for administrative burden and research cultures across different
disciplines
•
The extent to which metrics could be used by higher education institutions in their
internal processes and by research funders in the assessment of research
•
Ethical considerations and guidance on how to reduce the unintended effects and
inappropriate use of metrics
•
The potential contribution of metrics to other aspects of research assessment, such
as the matching of reviewers to proposals, or research portfolio analysis.
In this paper, I will discuss, as member of the HEFCE steering group, the main topics addressed
in the report, discuss the implications for the future of large-scale national research
evaluations, and explore the future role of scientometrics, altmetrics and other forms of
quantitative information. I will discuss the concept of "informed peer review" and related
approaches to research assessment. I will also analyze the responses to the call for evidence,
as well as the discussion that the report will have generated since its publication.

Researcher meets Indicator: Effects of evaluative metrics on research groups
Sarah de Rijcke and Alex Rushforth
The range and types of performance indicators has recently proliferated in academic settings,
with evaluative metrics as one of the most visible examples. Metrics are increasingly
positioned as the basis for rationalising complex decision-making processes in assessment
situations. They are used to redistribute resources, decrease costs, regulate access to public
services, promote collaboration, etc. This raises questions about the appeal of metrics and
their ability to enact value, excellence, reputation and impact; the consequences of metricsbased evaluation, how it works; what counts as quality, excellence or impact, and to whom.
However, at present we know surprisingly little about how research evaluation actually
shapes the production of knowledge. Despite a voluminous amount of literature having been
written on research evaluation, explanatory knowledge about the varying effects metrics are
having is far from satisfactory.
In this talk I will draw upon three qualitative research projects in biomedicine, social sciences
and law to consider the ways in which evaluative metrics are increasingly shaping how
research is carried out and communicated. The projects are part of a budding research
program on the growing influence of metric-based evaluation on the organisation and
content of research (https://evaluationpracticesincontext.wordpress.com/). The core
methods of the studies are qualitative semi-structured interviews with researchers in
different career stages and with research managers, as well as ethnographic observations of
a number of settings in which research is assessed (lab or team meetings, supervision
sessions, yearly appraisal talks, management and board meetings). This adds a level of
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empirical detail hitherto lacking in efforts to understand mechanisms through which
performance evaluation shapes academic knowledge.
The first project (with Alex Rushforth) is based on fieldwork at six research groups in two
Dutch academic medical centres, and focuses on interactions between evaluation and
knowledge production in biomedical research. In this project we also benefit from
collaborations with Roland Bal (Erasmus University Rotterdam) and Ruth Müller (Technical
University Munich). The second project (with Thomas Franssen) is based on fieldwork at an
internationally acclaimed Dutch social scientific research group. Here, we zoom in on how
junior researchers relate to and use performance measures in academic identity formation
and in the process of positioning themselves in the academic labor market. The third project
(with Wolfgang Kaltenbrunner) draws on a comparison of ongoing debates about research
evaluation in three Dutch Law faculties. The project aims to analyse the implications of the
need to create new alignments between research and science policy on the one hand
(including the requirement of (‘societal relevance’), and the everyday articulation work legal
scholars engage in to bring research to closure on the other.
For the present talk I will mainly consider how indicators are becoming a central aspect of
research activities themselves, by analysing three important dimensions of knowledge
production: 1. Planning of research; 2. Navigating collaborations during research; 3.
Concluding the research. Our material shows how research activities become increasingly
assessed and defined by their potential for translation into quantitative measures of quality.
Other criteria of scientific quality, e.g. epistemic originality, societal relevance and social
responsibility become redefined through their relations to quantitative indicators. We
understand this to be in tension with policy goals to encourage innovative, societally relevant
and responsible research.

Complementary indicators of research performance and impact
Jonathan Adams, Daniel Hook, Tamar Loach and Martin Szomszor
Publication and citation (bibliometric) data remain the predominant source of information
used to construct indicators of relative research performance. Despite their utility and
versatility, they also remain problematic because they inform us of only one part of the
research ecosphere in terms of either activity (academic output) or achievement (academic
usage). A growing range of accessible, structured data sources now provide alternative
pathways into information about research. This is building a richer picture of the research
process, which may provide better management information as well as creating perspectives
to complement the bibliometric approach.
The use of bibliometric data in research evaluation has become almost universal, driven in
part by the accessibility of such data, their geographic and disciplinary versatility, and the
evolving sophistication of analytical methods. Methodology can always be abused: like any
simple yet powerful tool, bibliometric analyses and their interpretation can lead to damaging
errors (reference to Hicks, Wouters in this session). Bibliometric indicators also have obvious
limitations: they refer only to the immediate output from research; they are focused on just
academic knowledge rather than other modalities; and they index only the extent to which
this knowledge influences other academics.
It would be valuable if the dominant – because powerfully informative - perspective given by
bibliometrics could be broadened and balanced by other indicators. It would enable some
sense-checking of bibliometric information and thus provide routes to mitigate inappropriate
use. But, more widely, bibliometrics fail to capture the full diversity and richness of what
research delivers. We would benefit from a much broader perspective on the research
47

process. The evaluation of outputs has much value as a retrospective performance check for
research funding agencies, and therefore for their paymasters, and it also provides an
historical context for research policy development. Nonetheless, it lacks the immediacy
desired by research managers and the focus on journal output alone is monotonic.
In this paper we review additional forms of research-relevant data, now becoming accessible
in a collated and normalised form that makes them potentially suitable for the creation of
novel indicators. Recent projects have explored the utility of such data. For example, a study
by Digital Science for the UK Nesta organisation looked at the value and limitations of
altmetrics (social and news media mentions of journal articles) in identifying research papers
relevant to non-academic knowledge networks. Digital Science is also expanding the range of
other data that can be employed: altmetric.com data are now being gathered for other, nonjournal outputs; figshare has established a system for tracking and indexing the use of specific
data; ÜberResearch provides the first truly comprehensive database of research grants.
These data sources can be mapped onto the research environment to expand our
interpretation and strengthen the opportunity for management of research in progress. But
although the new indicators show a great deal of promise, they remain limited in their
explanatory power. Bibliometrics evolved over decades: time is required both to deepen the
new databases and to develop our interpretative competency.
Alongside the data sources which emerge from the research process, 2015 also saw the
creation of the first nationally comprehensive database of research impact – the description
of longer term economic and social benefit arising from research. The content of the UK’s
Research Excellence Framework (REF) impact case studies database, which covered all
disciplines across all universities and within a common time frame, will be discussed in terms
of its value as a new information source for indicators. As for other data sources and
indicators, the potential, limitations and developmental requirements of this impact
methodology will be reviewed. However, the simple existence of this new UK information
and the likely adoption of similar methodology in other countries raise important questions
for the future of research performance indicators and the nature and purpose of the
evaluation of publicly funded research.

Exploring biases and potential effects of S&T indicators in peripheral spaces
Jordi Molas-Gallart, Ismael Rafols and Richard Woolley
This paper aims to explore the problems that emerge when S&T indicators are used in
peripheral contexts, that is, in geographical or social spaces that are somehow marginal to
(or marginalised by) the centres of scientific activity. In these situations evaluators and
decision-makers are likely to use indicators that were designed to reflect variables relevant
in the dominant social and geographical contexts --i.e. in the hegemonic countries, languages,
gender, disciplines, etc.--, but that are usually not adequate in peripheral contexts.
We will examine various dimensions of periphery. First, the geographical: e.g. global south
vs. global north, regions vs. metropolises (Aguado et al. 2014). Second, the social group
dimension: women, the disenfranchised, the poor, or perhaps the elderly have social needs
that are different from those of richer or more powerful groups --and the problems affecting
the former tend be less researched than those of the later (Stirling, 2014). Third, the cognitive
dimension: areas of research, such as epidemiology or surgery, that capture less attention in
terms of publications or citations (and resources) than the more prestigious disciplines, such
as molecular biology (van Eck et al, 2013).
This study investigates the mechanisms by which performance indicators tend to be biased
against peripheral spaces. This would include for example, bias in language (van Leeuwen et
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al. 2011), or disciplinary/topic coverage in conventional databases (Martin et al., 2010). An
interesting issue to consider is how the overlap across peripheries, i.e. how bias in language
coverage has an effect on bias in disciplines or topics covered (Archambault et al., 2006;
Piñeiro and Hicks, 2015).
We discuss how these biases may have a tendency to suppress scientific diversity and shift
research towards a higher degree of homogeneity (Rafols et al., 2012). We discuss how the
"objectification" of excellence by means of indicators may support the diffusion of
mainstream modes of research at the expense of critical or unorthodox modes.
References
Aguado-López, E., Becerril-García, A., Arriola, M. L., & Martínez-Domínguez, N. D. (2014).
Iberoamérica en la ciencia de corriente principal (Thomson Reuters / Scopus): Una región
fragmentada. Interciencia, 39(8), 570-579.
Archambault, É., Vignola-Gagne, É., Côté, G., Lariviere, V., & Gingras, Y. (2006). Benchmarking
scientific output in the social sciences and humanities: The limits of existing databases.
Scientometrics, 68(3), 329-342.
Martin, B. R., Tang, P., Morgan, M., & al. (2010). Towards a Bibliometric Database for the
Social Sciences and Humanities – A European Scoping Project (A report for DFG, ESRC, AHRC,
NWO, ANR and ESF). Brighton, UK: SPRU.
Piñeiro, C. L., & Hicks, D. (2015). Reception of Spanish sociology by domestic and foreign
audiences differs and has consequences for evaluation. Research Evaluation, 24(1), 78-89.
Rafols, I., Leydesdorff, L., O’Hare, A., Nightingale, P., Stirling, A., 2012. How journal rankings
can suppress interdisciplinarity. The case of innovation studies and business and
management. Research Policy 41, 1262–1282.
Stirling, Andy. Towards Innovation Democracy? Participation, Responsibility and Precaution
in Innovation Governance. No. 2014-24. SPRU-Science and Technology Policy Research,
University of Sussex, 2014.
Van Eck, N. J., Waltman, L., van Raan, A. F. J., Klautz, R. J. M., & Peul, W. C. (2013). Citation
Analysis May Severely Underestimate the Impact of Clinical Research as Compared to Basic
Research. PLoS ONE, 8(4), e62395. doi:10.1371/journal.pone.0062395

Session 7.e: Country Studies

7E

Productive and innovative system of software and Brazilian IT services: competitive
dynamics and public policy support (2003-2010)
Fabiano Geremia, Daniela Savi Geremia and Renata Camargo Quedi
This paper aims to analyze public policies to encourage the development of the software
industry and IT services in Brazil, implemented from 2003 to 2010, based on the normative
dimension, objectives, goals and priorities, and the positive dimension, from the experiences
and perceptions of firms. It discusses how the institutional construction of supporting public
policy is articulated with the instruments and implementation mechanisms, and these, in
turn, with the development and needs of the Brazilian software industry and IT services. This
production system is at the center of the techno-economic paradigm based on ICTs, which is
responsible for storing the knowledge liable of encoding, in order to process and make it
available or executable at any time. Thus, based on the neo-Schumpeterian politics on
scientific, technological and innovative development, we carried out an analysis of the major
Brazilian supporting public policies, from the perspective of institutional building of legal
instruments and devices to implement actions to encourage the productive sector. The study
researched in official documents – guidelines and policy evaluations –, interviews with policymakers and firms in the software industry, which allowed the identification of strengths and
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limitations of supporting public policies. It was noticed that policy implementation has some
shortcomings that limit its power to intervene on the innovative efforts of firms, particularly
related to the complex relations between the basis for politics and its instruments. Thus, it
became clear that the policies are comprehensively designed for the entire national
productive system, involving the compatibility of interests of general policies with microeconomic and / or marketing dimensions of the supported segments, restricting the
possibilities of incentives and / or directing policies specific to particular stages of
technological and innovative development. Under review more careful of the productive
system of software and IT service, identifies important sets of fortress, debility and
opportunities. Stand out the amplitude of the internal market, the dynamism of the
associated industry to the flexibility and creativity of companies and technical staff, the
sophistication and attractiveness of some of their segments and the capacity generate
satisfactory solutions to the wide economic activities range. Among the main debility of the
industry, it’s possible to mention the excessive fragmentation of the industrial structural and
the difficulties to implement strategies more effectives internationalization, capable of
translate increased penetration of the national products abroad. Despite these problems, It
is possible to identify opportunities, given the overall growth of the productive system that
can be exploited to maintain the dynamism of industry, (TIGRE et al.,2009b). The
entrepreneurial heterogeneity, the dimension of the Brazilian market and the needs of
guarantee mechanism of proprietorship increased the complexity of the productive system.
The new policy of Brazilian innovation to software – Productive Development Policy (PDP) –
is related to the national technological densification (adensamento), as well as to the greater
insertion these activities in other productive systems. Thus, the discussion of tools to the new
industrial policy of innovation to the segment has the institutional framework the
intensification of actions that possibility that allow greater availability of qualified labor and
mechanisms that enable the exploration of market niches to companies of national capital.
The normative role of the support policy is compound by inherent challenges to the own
intrinsic characteristics to the competitive dynamic of the software industry, considering that
your structure of costs is quite different of the others productive systems, marked by the
existence of the high fixed costs and marginal costs practically nonexistent. This characteristic
determines the innovation process, because most of the costs are generated before of the
product commercialization. Moreover, depending on the competitive dynamic between
systems, the index of commercial success in introduction of new products is relatively low.
Such characteristics imply two relevant elements to the dynamics of the software industry in
Brazil. First of all, the costs have this peculiarity, because the most part of the initial
investments is held on human resources hiring. Thus, the availability of qualified labor for the
accumulation of knowledge that allow strengthen the productive system is considerate the
main element of the industrial dynamics. In the second place, the outcome of the software
and IT services industry is related to the existence of minimum customer contingency that
guarantee returns to the initial investments.

Panacea or diagnosis? “Imaginaries of Innovation” and the adoption of the “MIT
model” in three countries
Sebastian Pfotenhauer and Sheila Jasanoff
Innovation has become a leitmotif of policy-making around the globe. Hardly a week passes
without a government announcing an innovation strategy for a city, region, or country, or an
institution branding itself as a driver of innovation. As a result of this flourishing of
“innovation” as a policy category, innovation practice has become increasingly
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heterogeneous and decentralized, driven by diverse groups of practitioners (e.g. policymakers, institutional managers, consultants) rather than academic discourse alone. Despite
an empirical appreciation of this diversity in innovation policy, however, the innovation
literature continues to focus on innovation’s supposedly universal mechanics and their
operationalization in the form of innovation models. “Innovation” increasingly comes in the
form of pre-packaged plug-in solutions and “best practices” – such as the “Silicon Valley”
ecosystem model, or the “MIT” institutional model – that travel with the promise of solving
socioeconomic woes almost independently of where and what these woes are.
In this paper, we argue that the current focus on universal mechanics and “best-practice
transfer” is flawed and offer an alternative perspective. Using a cross-country comparative
analysis of three implementations of the “MIT model” in the UK, Portugal, and Singapore, we
show how key features in the design, implementation, and performance of innovation policy
remain unexplained if treated as mere variations on a common theme that presupposes
identical systems components, circulatable models, or globally shared rationales about
development. We employ the concept of sociotechnical imaginaries as “imagined forms of
social life and social order centering on the development and fulfillment of national scientific
and/or technological projects” to show how the goals and activities that went into the each
implementation of the MIT model – and with it into the conceptualization of “innovation”
itself – are being locally constructed vis-à-vis contingent visions of desirable sociotechnical
futures, and only minimally rely on what MIT practices “are.” In each partnership, different
Imaginaries of Innovation shape how the need for innovation arises and is justified in light of
a perceived socioeconomic ailment, how the “MIT model” is expected to cure this ailment,
and how innovation should consequently be organized. Our study flips the conventional
notion of “best-practice transfer” on its head: Instead of asking how well an innovation model
has been adopted, we look at the differences in MIT’s partnerships as a window onto the
unique social, political, and cultural determinants that underwrite innovation policy in each
country. Our study is based which is based on more than 80 interviews and extensive
document analysis for the three partnerships under consideration: the Cambridge MIT
Institute (CMI); the MIT Portugal Program (MPP); and a suite of three partnerships between
MIT and Singapore – the Singapore MIT Alliance, the Singapore MIT Alliance for Research and
Technology, and the Singapore University for Technology and Design.
Our paper has three main theoretical ambitions. First, we wish to challenge the common
notion of innovation and its “models” as panaceas for social woes, and replace it by that of
innovation as a diagnosis – a “self-diagnosis of society,” if you want – as to what is perceived
as lacking and which policy pathways are acceptable within a given political culture to address
this lack. Second and related, we hope break new ground for theorizing politics and culture
more seriously in the context of innovation policy. While most authors agree that “culture
and politics matter” for innovation, a systematic theorization of where, when, and how they
matter is strikingly absent. Here, Imaginaries of Innovation provide a way forward. Third, we
provide a theoretical underpinning for the phenomenon of “best-practice transfer” and the
common puzzle how a single practice can serve as a model for diverse countries and cultures.
Our analysis has demonstrated the “MIT model” depends principally on what practices
various societies seek and can accommodate within their political culture, much less on what
MIT practices “are.” In each case, the “MIT model” – and with it the concept, purpose, and
mechanics of innovation – is co-produced with contingent understandings of how a society is
ailing and equally contingent visions of what is needed. It is not despite these country
differences that the “MIT model” is effective or acquires any meaning. Rather, it is because
of it.
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The Creative Class in a social and geographical unequal developing country: The
Case of Chile
Max A. Echeverría Sierra and Pablo Catalán Martínez
Since the works of Schumpeter, innovation has been recognized as a driver of economic
development. Scholars have focused on identifying the factors that drive innovation, covering
from institutional settings to interaction patterns. Florida (2002, 2008) has proposed a
conceptual framework considering urban, geographical and social conditions directly related
to regions or cities. He stated that creativity rises in regions or cities where technology, talent
and tolerance flourish, thereby individuals with greater innovation competences would pick
them when addressing their location question. The result is a direct impact on the local
economic development based on a higher likelihood of new technology-based firms.
To build his argument, Florida has focused on the developed world. In the United States, and
based on city-comparative studies, he has put forward the case of cities that despite following
the “traditional paradigm” of promoting economic development by means of new technology
parks and Science, Technology and Innovation (STI) subsidies have not become vibrant
knowledge-based economies. Buffalo, New Orleans and Louisville, albeit their efforts, have
not reached innovation and entrepreneurship standards easily found in Austin, Boston, San
Francisco or Seattle. In that vein, the latter have been able to attract a greater share of the
high-skilled innovative population with the underlying impact on their local economic
development. Florida defines such group as the so-called Creative Class, which is composed
by individuals who make intensive use of their minds in their daily jobs and constantly create
and need novel combinations of ideas and knowledge. He arguments that regional
development depends on a combination of factors that attract and retain the Creative Class,
grouped under three concepts: Technology, Talent and Tolerance. To represent the capacity
a city may have to attract the Creative Class, he builds indexes related to each concept that
in turn add up to determine a region’s Index of Creativity (Florida 2002, 2007, 2008).
Although Florida’s premises may have great effect for regional economic development policy,
studies have been restrained to developed countries. Thus far, the developing world has not
been a great focus for Florida’s framework, which raises questions on the validity of the
current shape of the theory in those countries. New phenomenon directly related with
developing nations and absent in the nations where the framework have been applied, may
turn into new empirical and theoretical challenges. Inequality may be one of them. In that
line, the article proposes the application of Florida’s Creative Class conceptual framework in
a social and geographical unequal developing country: Chile. We expect to determine the
effects produced by social inequality dynamics in the capacity to attract and retain the
Creative Class in each of the 15 Chilean Administrative Regions.
Chile, an OECD country member, is nowadays recognized as the safest country to invest in
Latin America in light of its institutional and governance stability (MINECON, 2014).
Furthermore, during the last decades, Chile has gone through a successful period of economic
growth. However, two challenges related to the high social and economic inequality and the
excessive institutional centralization the country has had for decades. Also, the excessive
dependency on natural resources based industries and their cost minimization business
models have made of innovation an economic driver to be actively promoted for the country
to reach a higher development level. Therefore, Chile’s social inequality, high institutional
centralization, and new development innovation-based perspectives make of it a good locus
to extend Florida’s premises and explore their reach in the developing world.
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In regard to our methods, we first calculated normalized indexes of Technology, Talent, and
Tolerance for each of Chile’s 15 Administrative Regions. We drew upon the National 2012
Census, the VIII National Innovation Survey, and the National Socioeconomic Survey (CASEN).
Proxies were used in regard to the number of gay and lesbians and of artists and bohemians,
as official data have not been recorded yet. Then, we determine the Creativity Index of each
region. Secondly, each region’s Gini Coefficient is calculated and normalized. Using statistical
tools and qualitative analysis, we compare inequality and creative class dynamics in each
region. Finally, we extend our comparative analysis to two specific variables: Social Capital
and Tolerance, to explore whether both follows similar patterns, and if not, describe the
reasons behind it.
We conclude that Chile’s regions can be grouped under five typologies resulting from a twodimension framework crossing inequality and creativity. Likewise, attraction and retention of
the Creative Class follow dissimilar patterns as the relation between social inequality and
creativity differs at regional level.
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Getting what you measure? Effects of performance-based research funding systems
Erik Arnold and Katharine Barker
Universities’ ‘institutional’ funding for research is increasingly subjected to quality control
and competition, with significant impact on behaviour and productivity but also with negative
effects. We analyse evidence about the effects of making institutional funding contested and
draw conclusions for policy and the design of such systems. The paper is grounded not only
in the literature but also in our work analysing and helping pilot changes in the UK system,
national research assessment in Latvia and Lithuania, and analysis and redesign of the Czech
system.
State universities were traditionally financed through a block grant but have increasingly
been gaining external income from research councils, other government agencies and
industry, so the block grant is a declining proportion of the total. Curiously, despite wide
variations in the share of income provided by the part of the block grant for research there is
no clear relationship between the share of institutional funding and research performance.
Since 1986, governments have used performance-based research funding systems (PRFS) to
award institutional funding, aiming to stimulate performance by reallocating resources to
strong performers. The UK Research Assessment Exercise (RAE, now REF) was the first, and
like other first-generation PRFS relies heavily on peer review. From roughly 2000, more
countries adopted a second generation of PRFS, mostly using bibliometric indicators. By that
time barriers to doing bibliometric analysis had fallen dramatically, providing a cheaper
solution than peer review. Up to this point, PRFS focused on scientific quality but a third
generation of PRFS now incorporates the impact of research on innovation and society.
Evidence used ranges from patents through innovation outputs like prototypes to text
descriptions of research impacts.
Key design decisions for PRFS include
•
Whether also to reward external project-based income, reinforcing the themes and
types of research that already get funding
•
Whether to create a list of ‘approved’ national language publications, in addition to
relying on journals indexed in bibliometric databases
•
Whether and how to address impact
•
Whether to extend to PRFS beyond the universities to other research organisations
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•
How much of the institutional funding to make contestable, balancing stability
against change. Many systems effect a lot of change while moving only small amounts of
money
•
Whether to put different research fields in competition with each other or to arrange
competition only within fields
Despite their widespread adoption, there is little evidence about whether and how PRFS
work. Evidence from the UK, Norway and the Czech Republic suggests that effects depend
both on policy purposes and on the implementation.
The UK RAE distributes most UK institutional research funding and has concentrated it on a
small number of institutions. Long periods between exercises let the system adjust and an
allocation formula that gives proportionately more to the most successful keeps the list of
‘winners’ fairly stable. There is a strong feedback to career progression and recruitment. The
same academic elites populate the RAE and research council panels, so RAE and research
council success correlate strongly. The RAE impedes interdisciplinarity and drives out
heterodox approaches. It is thought to support the UK’s strong position in international
bibliometric comparisons, but little evidence supports this idea.
Norway introduced a PRFS in 2004 in the university ‘Quality Reform’ and then a separate
system for the university hospitals and research institutes. Both affect a small fraction of
institutional funding. The PRFS in practice rewards the newer and weaker universities for
increasing their research efforts, building capacity rather than rewarding existing winners. It
drove up the number of publications but not their quality (cp similar Australian experience.)
The PRFS for the institutes had similar effects but failed to increase either the amount of
institute-university collaboration or international income. Both were already high.
The Czech Republic introduced an annual metrics-based PRFS in 2008, which was intended
to become the only mechanism for allocating institutional research funding. Universities
doubled their academic paper production in 3 years and the production of innovation-related
outputs grew even faster. Allocations to individual organisations and fields became unstable.
Gaming was widespread and despite repeated attempts to refine it, the system was
abandoned in 2012 and is undergoing radical redesign.
Comparative analysis of the ways in which different PRFS lead to changes in performance
requires unpacking key dimensions of their design (noted above) and the institutional context
within which they act. Critically revisiting the work of authors such as Glaser and Whitley with
more recent evidence will allow further lessons for policy and assessment to emerge.

Quality and equity: The perceived impact of public-sector research funding streams
on the level of academic production in the Nordic higher education systems.
Cynthia Field, Olivier Bégin-Caouette and Evanthia Kalpazidou Schmidt
If science has been crucial to many governments for the past five centuries, the current
position of knowledge is unprecedented (Pestre 2003). In this era of responsible research and
innovation (European Commission, 2012), governments use steering mechanisms to impose
their priorities, make scientists accountable and commercialize results (Nowotny, Scott
&amp; Gibbons, 2003). Public-sector research (PSR) funding is both a symbol of the
relationship between the state and universities, and a powerful policy instrument to
influence the direction and nature of research (Kalpazidou Schmidt, 2012). Correlating
universities’ ranking scores with funding streams, Aghion et al. (2009) have conclude that
per-student revenues, budget autonomy, less basic funding and more competitive grants led
to higher performance. This type of study however relies on measures of central tendency
that can hardly take into account smaller countries with fewer institutions. The Nordic
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countries differ from the Anglo-Saxon model (Benner, 2011) yet, on a per capita basis, they
achieve higher results in terms of world-class universities publications, citations and patents.
PSR funding partly explains this result. Public expenditure on higher education in the Nordic
countries is the highest in the world (Kalpazidou Schmidt, 2012) and research funding is
concentrated in universities (Henrekson &amp; Rosenberg, 2001). Second, Nordic countries
have achieved a particular balance between funding streams: basic, competitive, excellence
and strategic funding. Despite an increase in competitive research grants, basic funding
(often based on a formula) continues to cover almost half of PSR funding (Sörlin, 2007). Basic
funding would increase institutional freedom, and competitive funding would make the
system dynamic and socially relevant (Kalpazidou Schmidt, 2012). Nordic countries also count
on mission-oriented agencies supporting research in strategic areas (Benner &amp;
Sandström, 2000). Finally, all Nordic countries have implemented centers of excellence, i.e.
research groups counting on stable source of revenues developing high quality and relevant
research (Brundenius, Göransson &amp; Ågren, 2011). The objective of this paper is hence
to assess the perceived importance of various funding streams on academic research
production and to explore the mechanisms through which they might impact countries’
research output.
Method: Following Holmes’ (1981) hypothetico-deductive problem approach to comparative
education, this study testes the PSR funding hypothesis in four contexts (Denmark, Finland,
Norway and Sweden) according to a mixed method design and a vertical scheme. Systems
being immaterial, empirical testing relied on the perception of major stakeholders belonging
to the same 13 strata in each country: Nordic Council of Ministers, ministries of Higher
Education, quality assurance agencies, research councils, innovation networks, university
associations, faculty unions, university boards, university administrators, faculty members,
temporary contract-researchers, doctoral students and non-university institutions. A
thematic analysis was processed on more than 60 interviews and factorial analysis and means
comparison on more than 400 questionnaires regarding the perceived strength of systemic
factors in promoting academic research.
Findings: According to survey results, respondents in the four countries (i.e. no significant
differences) perceive that a predominantly public research funding concentrated into
universities has a positive impact on research production. Regarding funding streams, peerreviewed competitive funding is perceived as having the greatest impact and, in Denmark,
Norway and Sweden, block grants are also well considered. For Finnish interviewees, block
grants have little impact on research since they only account for salaries, while external
grants allow for hiring human and material resources. In Sweden, system-level stakeholders
perceive excellence and strategic funding more positive than professors. While the former
highlight that a small country should focus its investments, the latter explain that these two
streams of funding imply that the government prioritizes research areas for reasons other
than scientific excellence. Excellence funding is perceived positively by both Norwegian
professors and system-level actors since it compensates for scattered grants for which
academics are in competition with researchers in public institutes. In sum, based on the
difference and commonalities in stakeholders’ assessment of the importance of PSR funding
streams, this study attempts to identify the key factors behind the success of Nordic
countries.

Funding data: Collection, Coding, and Caveats from a Study of Cancer Research in
the United Kingdom
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Nicola Grassano, Daniele Rotolo, Michael Hopkins, Frederique Lang, Joshua Hutton,
Philippa Crane and Tammy-Ann Sharp
The acknowledgement sections of scientific publications are a rich source of data that can
inform us about how science is conducted. One application of this data is to link research
inputs (grants) with research outputs (publications), in order to reveal details of the funding
landscape without relying on the reports of individual funders. Yet, acknowledgement data
do not conform to a single recognised standard. Instead they are reported in an unstructured
manner, which complicates the identification and extraction of relevant funding data. Some
commercial data providers provide extracted data on funders from publications but how well
do they collate and aggregate data that relates to particular funders? Indeed how should such
data be collected, extracted and coded to give an accurate picture of the funding landscape
in a given field?
To address these questions the paper proposes a method and a series of guidelines for the
collection and processing of acknowledgements sections contained publications in order to
extract and codify relevant data on research funding. We then compare our findings with
results from alternative datasets provided by searching MEDLINE/ Pubmed and ISI WoS.
We apply our approach to the field of cancer research in the UK. We identify a sample of
7,510 publications produced in the year 2011 that involved at least one author affiliated to a
UK research host organisation. For each publication in the sample, we extracted the funding
data from the acknowledgement section. We then developed a number of guidelines for
funding data collection and coding. We describe the rationale for our approach with
associated caveats and limitations.
We use the processed data to explore patterns of co-funding among funding organisations in
the setting of cancer research in the UK. The analysis shows the UK contributes 6.9% of global
research publications in the field ‘neoplasms’ (a term that captures research related to cancer
and pre-cancerous growths) that year. The results are informative about the main features
of the UK research funding landscape. Funding sources were acknowledged in half of
publications, and revealed that almost two thirds of these papers benefited from multiple
funders with a mean of 3.3 funders per publication. The analysis also reveals not only the
major UK funders but also shows the important role of overseas funding in supporting the
work of UK authors, through the funding of their co-authors – just under half benefited from
overseas funding. The role of industry is was shown to be considerable, with almost a fifth
were supported by firms in the UK or elsewhere. Finally this bottom up approach to
identifying research funders reveals the contributions of myriad small charities to cancer
funding.
We also compare our data with that obtained by querying on the same set of publications in
MEDLINE/PubMed and ISI Web of Science (WoS). Results of the comparison demonstrate the
poor coverage of funders in MEDLINE/PubMed, and the incomplete aggregation of funders
in ISI Web of Science, relative to results obtain through manual collection, cleaning and
aggregation of the data using a team approach, coordinated with the guidelines we describe
in the paper.

Influence of non-public research funding on academic productivity in China’s
universities
Xi Yang and Junwen Zhu
As universities develop in-depth relationships with industries and non-profit organization, a
growing number of researches in universities are steered by non-public funding. The same
trend also affects the university research in China. The R&amp;D expenditures performed by
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higher education institutions from business enterprise raised from 2,483 million Yuan in 2000
to 28,928 million Yuan in 2013. As the research finance system transforming from the
government dominant model to a multi-agent-based model, there are concerns that nonpublic research contract might distract the researcher from traditional academic activities to
short-term applied research, which would harm the knowledge production (Glenna,et
al.,2011; Gulbrandsen &amp;Smeby,2005; Slaughter &amp; Rhoades, 2004).
This study intends to explore the influence of non-public funding on the academic
productivity of university faculties in China. We take use of the survey of “The Changing
Academic Profession in Asia: China” (CAPA: CN), consisting of a 2400 academic faculties from
China in 2012. Negative binomial regressions are applied to estimate the number of articles
and patents by the faculty during 2009-2012, controlling for individual and institutional
factors and public funding. To address the potential endogeneity problem of the grants, we
employ an instrumental approach after the regression.
The findings demonstrate the positive influence of the non-public research funds on the
amount of patents and technology transfer, confirming the assumption that non-public grant
promotes the applied research. On the other hand, non-public research funding has no
significant influence on scholarly output, especially the high quality research. When we don’t
consider the endogeneity, non-public funding is positively associated with the amount of
domestic published articles. However, after controlling for the endogeneity, non-public grant
does not affect publication in domestic journal. Moreover, there is no significant influence of
non-public grant on the international journal articles, which indicates the ineffectiveness of
the non-public research funding to generate high-quality research. These results suggests
that an increasing reliance on non-public funding can promote applied research, but may be
ineffective to enhance the academic productivity in the long run if the publication output is
not improved.
Another noteworthy finding is that the influence of non-public grant on the academic output
varies across different types of institutions. Chinese higher education is a highly hierarchical
system, with priority funding given to selective institutions in Project 211 and Project 985.
Compared with the selective institutions, we find the effect of non-public funding on
academic output is smaller in less selective institutions. The result implies that public priority
funding can be complementary to non-public funding in terms of increasing academic
productivity.
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Nascent Narratives of Responsibility in the Governance of Genetically Modified
Trees
Jessica Cavin Barnes
A cursory glance through recently published literature on advances in biotechnology reveals
a determined effort to articulate the relevance and benevolence of emerging technoscience.
While this trend almost certainly reflects the priorities of funding agencies and the
requirement to link scientific research to its societal impacts, these statements also reveal
and contribute to the resilience of an optimistic narrative about biotechnology as a field, an
industry, and a necessary solution (Bud, 1998). The stories woven around agricultural
biotechnology in particular have commonly framed genetic modification as the only way to
avert crisis given the combined challenges of global climate change, population growth, and
finite land and water resources (Jansen &amp; Gupta, 2009). Importantly, these narratives,
which are often partial or largely hypothetical, are sourced to experts who conduct
biotechnology research and evaluate its impacts (Glover, 2010). Glover (2010) insists that
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these stories, repeated by politicians, policymakers, and the media, “[distort] public debate
and [impede] the development of sound, evidence-based policy” (p. 484), and he calls upon
academic scholars to fulfill their “responsibility” for honest communication of both the
promise and limitations of their science.
As part of a much larger conversation about the responsibility of science to society,
responsible innovation has gained traction as a governance framework for attending to the
ethical implications of the products, processes, and, uniquely, the purposes of research.
Unlike conventional governance, responsible innovation attempts to answer questions about
why innovation is pursued and whether or not its ends are both transparent and in the public
interest (Stilgoe et al., 2013). Emerging with a complicated legacy in genetically modified
(GM) crops and in a moment of much attention to responsible innovation, new GM trees are
subject to the normative expectation that their development should be rooted in the values
and propelled by the problems that are important to the public. In response, the developers
and proponents of GM trees have carefully constructed narratives about the socially and
environmentally responsible purposes of tree biotechnology, including the restoration of
ecosystems and economies. These messages are not benign. Stories play a central role in how
individuals process and share information as they make sense of the world (Jones et al.,
2014), and scholars of linguistics, public perception, and the political process have
demonstrated that the language used by scientists, the media, and policy-makers both
reflects and shapes debates and decisions regarding emerging technoscience (Cook, 2004).
How will the narratives emerging around GM trees shape the political - and physical landscape?
This paper uses the Narrative Policy Framework (NPF) (Jones &amp; McBeth, 2010) to
systematically examine the policy narratives used by the developers of GM trees as they seek
to influence both public perception and the regulation of tree biotechnology. Specifically, it
compares the notions of responsibility embedded in those narratives as policy belief systems
related to commodification, intellectual property, naturalness, and power. As individuals
whose personal narratives reverberate through the coalitions in which they engage,
researchers are considered in this paper to inhabit the fluid boundary between the microand meso-level of NPF analysis. Consequently, this paper combines content analysis, the
standard in meso-level studies, with interviews, which are characteristic of micro-level
studies (Jones et al., 2014). Early attention to the stories being told at this new frontier of
genetic engineering may contribute to the refinement of concepts in both NPF and
responsible innovation literatures.
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Governing Transgenic Trees: Rooting Responsible Innovation in Environmental
Justice
Katie Barnhill
Emerging technologies, such as transgenic trees, are theoretically born into what Stilgoe,
Owen, and Macnaghten (2013) describe as an “institutional void...there are few agreed upon
structures or rules that govern them.” Responsible Innovation (RI) may be one way to fill that
void, calling for dialogue involving a broad array of stakeholders in the social process of
integrating emerging technologies. Gaining traction as a framework with the rise of
genetically engineered organisms, RI aims to prevent rejection of promising technologies due
to public misunderstanding or anxiety through such inclusions. RI, in short, aims to ensure
that science and innovation generate socially responsible and beneficial outcomes.
Further, RI may offer the space for the “amplification...of the still, small voices of folks
previously excluded from offering constructive visions of futures” (Guston, 2014) that had
been initiated, however incompletely, with anticipatory governance frames. However,
because RI has been critiqued for its exclusion of politics and therefore power (von
Oudheusden, 2014), and because race represents such an important factor in the distribution
of political power, RI would be strengthened with the addition of Environmental Justice (EJ)
principles.
Ottinger (2013) links STS and EJ, highlighting the political nature of knowledge. There are
different and equally valid knowledge bases - expert and local/lay are common categories and that knowledge, generally, is dynamic. As noted, RI has called for increased public
engagement throughout the innovation process. Ottinger (2013), however, has raised
concerns that the types of knowledge(s) and information required to make informed
decisions are generally absent at the moment of decision-making, thus minimizing their
potential effectiveness. RI could represent a more intentional, longer-term vision of
engagement, as outlined by Stilgoe, Owen &amp; Macnaghten’s framework (2013), which
include anticipation, reflexivity, inclusion, and responsiveness. Merging the RI and EJ
frameworks could create the kind of important space for dynamic knowledges required of
meaningful, informed, shared decision-making.
Historically, EJ has, with good reason, focused primarily on specific industrial processes’
disproportionate effects on communities of color. Applying these frameworks to an emerging
technology such as GE trees would allow us to expand the application of EJ and RI alike,
responding to Finney’s suggestion that uniquely constituted problems, such as
environmental change or emerging technology, create space for integrating diverse sociocultural perspectives that are often challenged or resisted: traditionally invisible people,
alternative perspectives, and excluded voices (Finney, 2014).
GE trees make for a particularly compelling case for these frameworks; the narratives
surrounding GE trees fall under the shadow of GE crops, which have had polarizing effects
globally. Importantly, for RI and EJ principles, GE chestnuts trees represent a range of
conditions to which these analytical frameworks could be applied. The developers of the GE
chestnut have actively garnered public support of their project; how has their public
engagement addressed issues of power and race? Situated in physical proximity to a number
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of active Native American nations in New York State, how will these communities perceive
eventual release of the transgenic chestnut, especially in the context of indigenous
sovereignty? How do the GE chestnut technoscientists perceive these understandings in their
own landscape? An analytical frame that merges RI and EJ would allow us to address these
complex negotiations. Similarly, such an approach would allow us to explore the controversy
over power and racial/ethnic identities surrounding the release of GE eucalyptus as a biofuel
crop in South Africa. Although the regulatory regimes and end uses are distinct, there are
clear parallels: how traditionally invisible communities of color are engaged with respect to
an emerging technology, and how the developers of said technologies see their own role in
the process.
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Anticipatory Governance and Responsible Innovation: Technological and
Regulatory Futures of Genetically Modified Trees
Jason Delborne, Louie Rivers Iii and Mark Robinson
The Institute of Forest Bioscience was founded to promote forest biotechnology in a
responsible manner, cognizant of the mistakes and challenges that developers of genetically
modified crops have faced over the last twenty years. As a non-governmental organization,
their normative commitments are to “science, dialogue, and stewardship,” and they have
developed programs to engage with academic scientists, corporate developers, regulators,
political representatives, and laypersons. In a sense, they embody an effort to achieve
responsible innovation in an anticipatory way. Preliminary interviews suggest that they
actively anticipate regulatory and public responses to potential technologies, and they work
with experts to manage those responses in ways that promote “responsible use” (their term)
of forest biotechnology.
Anticipatory governance and responsible innovation offer conceptual frameworks for
suffusing the innovation process with avenues for public input and expert reflection. Guston
(2014) describes anticipatory governance as “an ensemble of activities designed to build
research and societal capacities for foresight, public engagement, and integration of social
and natural sciences” (p. 226). Importantly, a broad definition of governance activities
specifically includes the technological, political, and rhetorical choices that experts make in
the course of their research. Previous work on anticipatory governance in nanotechnology
development has focused largely on scientists who are not initially attuned to their implicit
role in governing their own innovations (p. 232). We diverge from this body of work by
studying scientists and expert organizations largely cognizant of the potential long-term and
large-scale ramifications of forest biotechnology. Thus, governance is not only anticipatory,
but anticipated.
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Stilgoe et al. (2013) offer a broad definition of responsible innovation, describing it as simply
“taking care of the future through collective stewardship of science and innovation in the
present” (p. 1570). More explicitly, Owen et al. (2012) codify the responsibility of science to
be ethical in its products, processes, and purposes. In a similar vein, Stilgoe et al. (2013)
identify four integrated and overlapping dimensions of responsible innovation: anticipation,
reflexivity, inclusion, and responsiveness. Anticipation is not about predicting, modeling, or
divining the future (Guston, 2014), but as a principle “prompts researchers and organizations
to...consider contingency, what is known, what is likely, what is plausible and what is
possible” (Stilgoe et al., 2013, p. 1570) and to prepare for an uncertain future. Reflexivity
requires individual scientists and institutions to examine their “own activities, commitments
and assumptions” and “directly challenges assumptions of scientific amorality” (Stilgoe et al.,
2013, p. 1571). Inclusion refers to democratic participation and links to notions of procedural
justice. Finally, responsiveness in “responsible innovation requires a capacity to change shape
or direction in response to stakeholder and public values and changing circumstances”
(Stilgoe et al., 2013, p. 1572). And at the extreme, such ideas raise the possibility of
“responsible non-innovation,” a relevant question to pose in the multiple pathways of GM
tree innovation.
We focus on GM trees for several reasons. First, GM trees represent a technological and
regulatory extension of well-established agricultural biotechnologies. Existing techniques of
genetic engineering and existing frameworks for the governance of GM plants form a
landscape upon which GM trees may take root. Second, GM trees offer intriguing
comparisons across specific technological applications. On one hand, efforts are underway to
rescue the American chestnut from extinction through genetic modification - a project with
conservation/cultural goals. On the other hand, much of the research in GM trees focuses on
improving feedstocks for biofuel applications - projects with clear commercial relevance that
could mirror the R&D and intellectual property pathways of existing agricultural
biotechnologies. Third, GM trees offer the opportunity for comparison of research occurring
in industrial, academic, and hybrid settings, which could contribute to broad debates about
how the context of research impacts scientific practice.
In this paper we analyze the Institute of Forest Bioscience (formerly Institute of Forest
Biotechnology) programs and activities through the lens of scholarship on anticipatory
governance and responsible innovation. Our data come from interviews with IFB staff,
interviews with affiliated scientists, analysis of formal IFB documents, and a review of media
coverage of IFB activities.

The American Chestnut: Engineering a New Conceptualization of Biotechnology
Governance
Rebecca Harrison
Consumer, farmer, and activist opposition to genetic engineering (GE) are predominantly
aimed at the shortcomings of safety and risk assessments. Science studies scholar Brian
Wynne (2007) argues that the risk discourse-based regulatory approach the US takes towards
the governance of GE is common in the science-policy culture, but is problematic in that it
“preempts any mainstream democratic policy debate about the proper human purposes and
cultural meanings of knowledge” (367). Scientists are beginning to notice that the scope of
public concern exceeds that which is accounted for directly in the US regulatory structure.
Thus, scientists themselves are increasingly anticipating and planning for public objection to
certain forms of GE development.
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This paper examines the mechanisms by which research scientists in the area of tree
biotechnology — the American chestnut, more specifically — are beginning to self-govern, in
the absence of a US Coordinated Framework for the Regulation of Biotechnology that
adequately addresses the wide range of public concerns about GE. According to Erik Fisher
(2011), governance of emerging technologies has “expanded from risks, impacts, implications
and dimensions to include science, technology and innovation as political issue areas in
themselves,” including increasing consideration of ethical, legal, and social implications of
technology development through engaged scholarship and responsible innovation (609). My
research will consider how current, second-generation biotechnologists themselves are
identifying risk, and in turn how they are accounting for increased public concerns directed
towards their own work.
I will use the American Chestnut Research and Restoration Project at the SUNY College of
Environmental Science and Forestry in Syracuse, New York, as a case study. Responding to
the near-eradication of the American chestnut tree population from Cryphonectria parasitica
(chestnut blight) over the past century, the SUNY-ESF team has successfully utilized GE
techniques to transfer the oxalate oxidase gene from wheat into the tree, “detoxifying” the
oxalic acid released by the tree-killing cankers the blight produces. Scientists are working to
obtain deregulated status for the engineered trees, and are engaging with the public to
crowd-source funding and support.
Tree crops present a unique case study of the “next generation” of plant biotechnology,
which is likely to be received by the public in ways that differ from the products currently on
the market. These tree crops have intrinsic relevance to the consumer in a way that currently
available GE traits for staple crops do not. Many projects in tree engineering utilize public
sector research programs, and not those using multinational corporations as a dominant
funding source. Biologically, GE in trees is different from in field crops. The 1980s regulatory
framework still utilized is no longer relevant to these newer kinds of technology, or questions
from the “public.”
This critique is not new, as evidenced by a July 2015 memo from the White House OSTP
acknowledging plans to modernize the outdated Coordinated Framework in order to “ensure
public confidence in the regulatory system and to prevent prevent unnecessary barriers to
future innovation and competitiveness” (1). This research will explore the extent to which
the SUNY-ESF chestnut program scientists not only perceive these policies to contribute to
negative public reaction to their research, but also the extent to which they believe science
communication is the antidote.
This paper will draw from participant observation and interviews with laboratory scientists
working on the American Chestnut Research and Restoration Project. In addition, the
laboratory’s interactions with their academic institution, with the biotechnology industry,
with policymakers, and with the public, will be considered. Archival material will serve as
additional sources for analysis. By studying biotechnology researchers, this paper aims to
elucidate the ways in which scientists themselves are already navigating the Coordinated
Framework, and the concerns about GE they recognize the policies fail to accommodate for.
Finally, this work intends to clarify some of the gaps within current regulatory policies, and
to provide an improved understanding of how scientists attend to public concerns and
engagement in their work.
References:
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Holdren, J. (2015). “Memo: Modernizing the Regulatory System for Biotechnology Products,”
White House Office of Science &amp; Technology Policy.
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The effect of temporary employment on job satisfaction of recent PhD graduates
from five Dutch universities
Cathelijn Waaijer, Rosalie Belder, Hans Sonneveld, Cornelis van Bochove and Inge
van der Weijden
Temporary employment has been becoming more and more prevalent in many sectors in the
Netherlands (Bertrand-Cloodt et al. 2012). However, it has been common in academia for a
longer time, especially for recent PhD graduates (Association of Dutch Universities 2014).
Temporary contracts can serve different goals for both the employer and the employee. For
the employer, the main benefits are the possibility to adjust the size and composition of their
workforce to the economic situation, and the possibility to determine the suitability of
employees (CPB Netherlands Bureau for Economic Analysis 2011). In terms of job satisfaction,
high-educated employees (i.e., those with a bachelor or higher degree) on a temporary
contract are significantly less satisfied with their job security than high-educated employees
on a permanent contract. However, there is no difference in overall job satisfaction between
the two groups (De Graaf-Zijl 2012). This is due to a higher satisfaction with job content for
high-educated employees on a temporary contract, which makes up for the gap in
satisfaction with job security.
In our study, we determine whether the type of employment (contract) affects the job
satisfaction of recent PhD graduates. Our study is based on a survey among 2,193 PhD
graduates who obtained a PhD from one of five Dutch universities between 2008 and early
2012. The universities encompass all major fields of research. Of the 2,193 PhD graduates,
1,133 responded to our survey, making for a 52% (partial) response rate. Variables were
constructed to measure: 1) type of employment (permanent, probation period of permanent
contract, temporary with tenure track, temporary without prospect of permanence, and selfemployment) and 2) satisfaction with three factors (job content, terms of employment, and
work-life balance). Other factors were measured as well, such as the sector of employment
(academia, non-academic research, or non-research), educational level required for the job
(bachelor or lower, master, PhD, or professional degree), whether the PhD graduate has a
supervisory role in their job, received support in the job (having a mentor), PhD
characteristics, and personal characteristics.
We find PhD graduates on temporary contracts to be especially less satisfied with their terms
of employment than PhDs on permanent contracts. Unsurprisingly, this difference in
satisfaction is especially pronounced between PhDs on a permanent contract and PhDs on a
temporary contract without prospect of permanence. In addition, we find that temporary
contracts without the prospect of permanence negatively affect satisfaction with job content.
On the other hand, self-employed PhDs are more satisfied with job content. Furthermore, we
find that PhDs on a tenure track are less satisfied with their work-life balance, whereas PhDs
on other types of temporary contracts are not. Hence, the type of non-permanent
employment matters for PhDs.
Other results from our study show that the level of the job heavily influences job satisfaction,
especially satisfaction with job content. Close to a quarter of our respondents indicates they
have a job at master level, or even at bachelor or lower level. These PhDs are less satisfied
with their job content than those working at PhD level. PhDs working at bachelor level or
63

lower are also less satisfied with their terms of employment. Another effect was found for
sector of employment: PhDs in non-academic research are more satisfied with their terms of
employment than PhDs in academia.
Finally, we find some gender effects in our survey on job satisfaction. First of all, females are
less satisfied with their work-life balance than males. Furthermore, we find that having a
mentor positively influences satisfaction with job content. However, it only does so for
women, suggesting that women benefit much more from a mentor than men.
In conclusion, we show that temporary employment affects the job satisfaction of recent PhD
graduates, not only with their terms of employment, but also with job content. Other factors
also play an important role, such as level of the job, sector of employment, having a mentor,
and gender.
References
Association of Dutch Universities (2014). Samenstelling universitair personeel per 31
december
2013.
http://www.vsnu.nl/files/documenten/Feiten_en_Cijfers/website_WOPI_per_31-122013.xls. Accessed 20 November 2014.
Bertrand-Cloodt, D., Cörvers, F., Kriechel, B & van Thor, J. (2012). Why do recent graduates
enter into flexible jobs? De Economist, 160(2): 157-175.
CPB Netherlands Bureau for Economic Policy Analysis (2011). Labour market flexibility in the
Netherlands. Edited by F. Cörvers, R. Euwals and A. de Grip. De Swart: Den Haag.
de Graaf-Zijl, M. (2012). Job satisfaction and contingent employment. De Economist, 160:
197-218.

Intergenerational dynamics of production of science and scientist
Sotaro shibayama, yasunori baba and ai yamada
While scientific production is one of the primary functions of academic institutions, education
is another (Hackett, 1990). Formal teaching set aside, senior scientists (or principal
investigators) are expected to train junior scientists including PhD students and postdocs as
future scientists. Although these dual roles of academic institutions are indispensable for
sustainable advancement of science, they could cause conflict, often resulting in undersupply
of training. Apparently, senior scientists’ effort for training is made at the sacrifice of that for
scientific production. Thus, if scientists’ primary objective is scientific production, less effort
for training is made than is socially desirable.
The academic institution has been offering a solution to this problem in that trainees often
directly benefit their trainers by providing labor, raising trainers’ reputation by citing their
papers, and so forth. This solution functions well when the relation between trainees and
trainers lasts for a long term. Such used to be the case when the master-apprenticeship form
of training was common, and perhaps is still the case in contexts where inbreeding is the
norm (Horta et al., 2010). When junior scientists continue working in the same lab after
earning degrees, or when they succeed their trainer’s research topics even after moving out,
trainers can gain sufficient benefit through citation and coauthorship. However, such
incentives may be weakened when evaluation of scientists is performed on a shorter-term
basis, and when the practice of inbreeding is considered inappropriate.
Implication of this transition for production of science is rather unclear. Strong ties between
masters and apprentices are likely to facilitate knowledge transfer and probably promote
scientific production. However, it can simultaneously compromise the diversity of science,
which is another key ingredient for sustainable science. Therefore, weakening apprenticeship
may allow junior scientists a greater extent of autonomy and facilitate the expansion of
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knowledge, while it may decrease the quality of training, and perhaps deterr the overgenerational knowledge transfer.
Although this complex nature in the production of science and scientists is of clear relevance
in science policy, academic training has been one of the seriously understudied subjects in
policy literature (Shibayama et al., 2013). The primary objective of this study is to
theoretically model the over-generational dynamics and empirically test it. On top of the
general analyses, this study aims to examine contextual contingency of the issue. First,
resource intensity substantially differs between scientific fields. When manpower plays a
small role in science, direct incentives for training should be weak. Second, the extent of
specialization of research skills may be relevant. When it is high, trainers may want to
specialize each trainee in a certain skill area so that trainees as a team can efficiently achieve
a certain research goal, but none of them may be independently functional. This is sometimes
observed in life science labs whose organizational design is similar to that of assembly line in
factories. Third, trainers’ and trainees’ bargaining power may differ by context. This is related
to popularity of academic career in certain contexts, the asymmetry of information about
post-graduate career, and so forth.
As a field of empirical study, we focus on the Japanese academia, where the destruction of
apprenticeship may be occurring due to a series of policy reforms since the 1990s; e.g.,
evaluation has become shorter-term oriented, inbreeding has made less common. A resulting
transitional state is expected to provide us with a heterogeneous set of observation. This
study draws on a few data sources. First, we conducted a questionnaire survey of 360
principal investigators (PIs) in the field of life sciences in Japanese universities, inquiring into
their training policy and career information of their trainees. In addition, we created a
database of all Japanese PhD graduates, with which we identified the PIs’ former students.
Then, we collected publication information of the PIs and their former students from
Thomson’s Web of Science. The survey was conducted in 2013 and all the necessary data is
ready for analyses.

Friends in High Places: Institutional prestige and the social capital of academic
scientists in STEM
Diogo Pinheiro and Julia Melkers
A scientist’s “academic pedigree” has been shown to be a defining factor early in an academic
scientist’s career (Long et al., 1998; Long 1978) with implications for cumulative career effects
(Merton, 1968). While individual scientists develop identity and reputation based on their
own accomplishment, other aspects of their training and development, such as the
reputation of their doctoral granting institution and notoriety of their primary advisor may
add, or in other instances, detract, from their pedigree or prestige. As a scientist’s career
develops, their own institutional affiliation lends prestige and recognition to their own
identity, also having implications for productivity and recognition (Long, 1978). Importantly,
prestige and reputation are by definition, hierarchical, and evidence points towards a
relatively rigid “caste” (Burris, 2004) where mobility, especially upward (in institute
ranking/prestige) mobility, is rare and difficult, but also desirable. This hierarchy is evidenced
in hiring patterns, and variation in productivity and professional visibility, as well as rankings
and prestige based on professional reputations (e.g. U.S. News and World Report).
There is a substantial literature that has addressed the importance of prestige and
reputations within labor markets, especially within academia (Crane, 1965; Baldi, 1995; Long,
Allison and McGinnis, 1979; Long, 1978; McGinnis and Long, 1988). Studies in management
and the social sciences, as well as some science disciplines, have demonstrated that
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departmental or institutional prestige is a better predictor of job placement post-PhD than
any other individual measures (and, in fact, outweigh productivity and other personal
characteristics) (Baldi, 1995; Burris, 2004; Keith and Babchuk, 1998; Miller, Glick and Cardinal,
2005; Wiggins, 2007; Long 1978). Further, placement in prestigious institutions reaps other
benefits, important for career advancement. As prior work has demonstrated, movement
into prestige institutions has important positive impacts on tangible employment rewards in
the short term, but also scientific productivity in the long term (e.g. Allison and Long, 1990;
Long, 1978; Clemente 1973). The notion of a prestigious “academic pedigree” suggests a
certain additional advantage, where access to colleagues at the prestigious institutions yields
additional resources and rewards, as Crane (1965) noted some time ago.
What Crane (1965), Long (1973), Hagstrom (1967) and others since then have suggested is
that the productivity and mobility effects of institutional affiliation may also be due to other
unexplained factors. An “organizational advantage” suggests different types of social capital
of its members (Nhapiet and Ghoshal, 1998), which in turn may have implications for career
outcomes. Studies of hierarchy in networks is consistent with the view that higher prestige
may yield markedly different resources and advantages. Studies in science have shown that
scientists demonstrate some level of preference when selecting and continuing collaborative
relationships (Bozeman and Corley, 2005; Wagner and Leydesdorff, 2008), whether for
strategic or other reasons. If the prestige of one’s academic pedigree suggests certain
desirable qualifications, it may be that academic scientists with more prestigious academic
origins may have markedly different opportunities via their social networks, and therefore
have access to great social capital relevant to career productivity and advancement.
The reality is that both actual and perceived prestige of institutions, and in many cases
individual departments, matters for career advancement and outcomes. Yet, these studies
also have some limitations. While a great deal of work in past decades has addressed the
identification and effects of prestige on career mobility, advancement, and productivity,
there remain some gaps in our understanding of how prestige functions and the types of
benefits it yields. Most have focused almost exclusively on doctoral-granting, researchfocused institutions, although the academic workforce is employed in a much broader set up
of institutions, including for example prestigious liberal arts colleges. Further, women and
underrepresented minorities in STEM (science, technology, engineering and mathematics)
disciplines are disproportionality represented in non-doctoral-serving (NSF, 2008.)
Yet, it is unclear of whether prestige factors function in similar ways across this set of
institutions, and how this creates cumulative effects on career productivity. This paper tries
to help correct that, by looking at the impact of institutional prestige on social capital
resources for STEM faculty across different institutional types and across demographic
groups. Specifically, we use NSF-funded survey data from a nationally representative sample
of faculty members across 4 disciplines [1] in 4 different institutional types, as defined by the
Carnegie Foundation: research extensive, research intensive, masters, and liberal arts
colleges and universities. Data include 9,000 faculty in more than 450 academic institutions
in the United States. Our goal is to understand the ways in which both STEM faculty doctoral
and current institutional prestige affects an academic scientist’s professional networks, and
the resources derived from them, and ultimately, their productivity. We will use structural
equation models (SEM) to disentangle direct and indirect effects.
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Employment Effects of Innovation over the Business Cycle: Firm-Level Evidence
from European Countries
Bernhard Dachs, Martin Hud, Christian Koehler and Bettina Peters
The impacts of the economic crisis, set off in 2008 and still ongoing in many European
countries, have been far reaching on the ability of the EU economy to innovate and create
jobs. Overcoming the current economic crisis and ensuring long-term competitiveness and
growth is thus a key challenge for European policy.
Research and development (R&amp;D) and innovation are regarded as key drivers for the
competitiveness of firms and, consequently, for employment growth. This is why R&amp;D
and innovation has been placed at the centre of the “Europe 2020 Strategy” – a strategy that
prioritize the mid- and long-term implementation of a knowledge- and innovation-based
economy, a more sustainable and competitive economy and, finally, a high-employment
economy reducing social disparities.
A key question in the current debate on R&amp;D, innovation and employment is to what
extent countries hit by the crisis are able to seize growth opportunities offered by new ideas
and technologies. An answer to this question greatly hinges upon the relationship between
innovation and employment growth, and how this relationship changes over the business
cycle.
However, innovation, employment growth and the business cycle are interlinked in a complex
way. Up to now, empirical research has been largely either focusing on the cyclicality of
innovation or on the relationship between R&amp;D and innovation on employment growth.
There is no firm-level study yet considering business cycle effects of innovation on
employment growth.
Our paper disentangles this complex relationship by estimating the employment model of
Harrison et al. (2008, 2014), which has been a seminal theoretical foundation for estimating
employment effects of innovation in the recent past. Our empirical analysis is based on the
Community Innovation Survey (CIS) covering information on 26 European countries. We
observe 234,406 firms of the manufacturing sector during the period 1998-2010.
In order to analyze the different effects over the business cycle, we have split our sample into
the four phases of a business cycle – economic upturn, boom, economic downturn, recession.
Moreover, we perform employment decompositions to show the contributions of the
different estimated effects on the average employment growth rate.
We find product innovations to have a positive effect on gross and net employment growth.
These effects are quite stable over the business cycle except for recession periods. But the
decomposition analysis shows that product innovators are more resilient to econonomic
recessions than non-product innovators. Product innovators do not strongly reduce
employment growth during recessions. Process and organizational innovations have negative
gross employment effects during upturns and downturns. These effects, however, are very
small in terms of a reduced employment growth rate.
Further, we have classified firms of the included countries into three different European
regions: North-West, South and East Europe. Accordingly, product innovations induce gross
as well as net employment growth in all observed regions during all business cycle phases
except for recession periods. Both process and organizational innovations play a minor role
for employment growth in North-western European countries. The pattern is more mixed for
South and East Europe. In both regions, organizational innovations tend to have a negative
effect on gross employment in all phases of the business cycle. Boom periods in South Europe
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are an exception. The effect of process innovations is similar to the base case across the
European regions.
Basically, our results show that employment creation is larger in innovative firms than in noninnovative firms. This pattern can be observed in all phases of the business cycle but it is
particularly pronounced in downturn and recession periods where the gap between
innovating and non-innovating firms is particularly large.

Have you been served? The impact of university service level on firm success
Shiri Breznitz, Paige Clayton and Kimberley Isett
The entrepreneurial university plays an important role in firm growth and regional
development (Kenney 1986; Shane 2004; Goldstein and Renault 2004; Lane and Johnstone
2012). Existing studies demonstrate regional benefits from university investment, making
universities a highly desirable and almost essential resource for a region. The service
component of universities, or what has been called the “Third role” of universities
encompasses many different roles. In particular, universities provide additional services to
local firms such as technology transfer, incubators, and patent assistance. However, the
service levels at universities vary. Some provide just basic technology commercialization
services. Others provide extensive services to all new startups in the region/State. These
services include but are not limited to: teaching entrepreneurship, writing business plans,
consulting, helping firms recruit employees and funding, directly funding firms, etc. The
purpose of this paper is to evaluate the level of services provided by universities on the
growth and success of startups.
The university’s entrepreneurial culture is shaped to support risk-taking, innovation, new
business creation, and a willingness to collaborate with industry (Bercovitz and Feldman
2007; Clark 1998; Etzkowitz 1998; James 2005; Kenney and Goe 2004; Schoenberger 1997).
The simplest way to assess the economic development created by a university is to evaluate
the amount of technology commercialization it generates. Patents, licenses, and spinout
firms are easy to quantify and use as a measurement of university entrepreneurial
productivity. Technology firms tend to develop near universities as a result of the knowledge
spillover generated by university research. However, and as claimed by several authors,
universities’ contribution to a region goes beyond the basics of technology commercialization
(Audretsch 2012, Rodin 2007, Moreau and Forrant 2008).
Numerous studies outline the role of universities in innovation-driven social networks. While
most focus specifically on incubators as the main source of network building activities at
universities, universities have been found to effectively occupy the role of anchor tenant in
innovation networks (Powell, Packalen and Whittington 2012). Incubators are important for
firms’ initial network connections, though their long-term impact on member firm networks
is less clear (Casper 2007; Fleming, Colfer, Marin and McPhie 2012). Network building
involves costs and may be time intensive. University incubators are able to leverage resources
to facilitate networking activities for fledging firms. Because new firm network needs vary
depending on development stage (Cooper, Hamel, & Connaughton, 2012; McAdam &
McAdam, 2008), incubators are in a position to provide targeted network links and
networking activities for member firms. Network contingencies such as cost, developmentstage requirements, and organizational form may provide a unique service niche for public
research universities to fill and we find numerous studies that outline the role of universities
in innovation-driven social networks.
Using both the entrepreneurial university and social networks literature, we seek to
understand the impact of the level of universities’ services on the longevity and success of
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local firms. The uniqueness of the data used in this paper allows us to break down the
different services and identify the most effective university programs. Considering
universities’ limited funding coupled with pressure by local and national government to make
a local economic contribution, identifying the programs that add the most value to startups
could make a dramatic difference to both universities and regional economies. While other
papers analyze incubator impact and some have delineated different services offered (Von
Zedtwitz and Grimaldi 2006), we have not found anything looking at impact of service level
on firm success and regional impact. This is our paper’s unique contribution.

Regional Science, Technology and Innovation (STI) dynamics in a centralized
developing country: The case of Chile
Maximiliano León, Alvaro Villena and Pablo Catalán
During the last decades, Chile has been through a period of economic growth that has
brought wealth and welfare to the country . However, varying challenges have to be
addressed for Chile to become a developed country. Inequality and the excessive institutional
and economic centralization remain significant barriers to development. Chile is nowadays
administratively organized in 15 regions, each of them responding to a specific local economic
and social structure shaped by a high dependency upon natural resources based industries.
That makes extremely inefficient to address local needs from a single, centralized,
perspective, thereby questioning the soft role regional governments may have nowadays.
Chile’s regional diversity may turn into an actual competitive advantage as long as the right
institutions and public policies are set.
Efforts have been made to make of Science, Technology and Innovation (STI) a driver for
development. Several policies have been proposed and implemented, and the role of several
public agencies reformulated. Although new STI capacities have been built, Chile is not yet a
knowledge-based economy. Its natural resources dependency and a cost minimization
rationale that crosses its main industries seem to be behind that phenomenon. Scholars have
raised the question whether the institutional centralization that rules the country has been
replicated in regard to STI policy thereby limiting the effect that STI may have for regional
development.
We identify the local STI dynamics in each of Chile’s 15 administrative regions drawing upon
the Regional Innovation Systems (RIS) conceptual framework, which allow us to identify the
national and local agents involved in the regional innovation process and their interaction
and learning patterns. We expect that a better understanding of regional STI dynamics will
result in a better perspective of regional capabilities and shortcomings.
Our main motivation is to establish the significance for STI public policy to understand the
peculiarity of each region and to strengthen that in future scenarios. Our analysis builds on
previous work by applying, as mentioned above the RIS conceptual framework, and a set of
statistical tools following a three-stage methodology.
Firstly, we apply factor analysis over an empirical RIS model which considers 35 STI variables
in six hypothetical factors: a) Regional Environment; b) High Education Public and Private Non
Profit Organizations; c) Productivity and Competitiveness; d) Regional STI Institutions; e)
Firms; and f) National STI Public Organizations. The result explains more than 90 percent of
the original variance.
Secondly, drawing on information extracted from the model and cluster analysis, regions are
grouped in seven clusters with different types of RIS. An analysis of variance (ANOVA) is
carried out to test if differences between regions-clusters are statistically significant. To have
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a better historical perspective in regard to STI regional dynamics we apply the same
methodology for two different periods : 2007-2008 and 2011-2012.
Thirdly, we defined each region according to the two-dimensions Government-Firms
methodology proposed by Cooke et al (2004), noticing that most of all 15 Chilean regions
may not be considered yet as globalized RSIs and respond to a centralized orientation with
significant participation of the national government.
We present an analysis in regard to each region to establish whether our results are
consistent with the current regional STI situation. Our cluster analysis deviates from a regular
RIS definition of dimensions to consider. At first, the identification of the “productivity and
competitiveness” dimension was expected to directly relate to firms’ innovation capacities.
That was not the case. We point to the local firms’ cost minimization business models and
the low-rewarding perception they have over the national intellectual property rights system
as drivers of such dynamic. Likewise, we expected that variables under the dimension
“National STI Public Organizations” would have been grouped along with either those under
the dimension “High Education Public and Private Non Profit Organizations”, as both refer to
STI human resources and funding or the dimension “Regional STI Institutions”, as both refer
to public STI institutions. We propose that the low interaction among actors in the system
may have an effect in that clustering and thereby in thus far weak RISs.
We conclude that the systemic dynamics of innovation in Chile follow dissimilar patterns at
the regional level. Efforts should be made to design new strategies pointing to a higher
regional STI productivity particularly in regard to technology transfer, capacity building and
technology-based business. From there, regions may advance to the so-called “interactive”
RIS, as improvements in funding, coordination and human capital should lead them to a new
stage of economic development.
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Assessing Innovation Potential for Social Impact, A Systems Approach
Tom McDermott, Sara Farley, Amanda Rose and Erica Briscoe
Despite strides in assessing innovation potential of nations and firms, our collective
understanding of innovation potential at the sectoral and regional levels remains nascent.
The global community of practice has undertaken few efforts to translate emerging research
in innovation systems and practices into user-friendly analytical and decision-making tools.
In response to this, a team of researchers from the Global Knowledge Initiative and the
Georgia Tech Research Institute have created an analytical framework and toolset that allows
decision makers to assess the innovation potential within opportunity areas and problem
spaces for specific contexts. We present the framework and toolset as developed and tested
in a recent project.
Significant global variation exists in different regions’ abilities to both create and absorb
innovation such that their potential to deliver economic and social value is fully realized.
These contextual variations shape how innovations are adapted, disseminated, and bundled.
Differences in terms of how decision makers (government officials, civil society leaders,
donors) frame innovation opportunities, evaluate trade-offs, and devise strategies to unlock
the potential for innovation also bear on whether solutions prove valuable or transformative.
As a result, many possibly game-changing innovations are not adopted, especially in lesser
developed contexts. Correctly assessing innovation potential therefore requires analyzing the
context and problem space in which an innovative solution is to be deployed. One cannot
hope to fully represent the complexity inherent in large-scale social problems; there are too
many interactions and unknowns. However, using a suite of systems analysis, strategic
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foresight, and data integration tools, decision makers can better visualize these complex
problem spaces and clarify the interacting forces at play.
Towards this goal, we developed a rigorously researched analytical framework and toolset
for assessing innovation potential within a systems context. This framework and associated
toolset is designed to allow users to contend with the many considerations that bear on
whether an opportunity area is primed for outsized impact, or whether a problem space
exhibits sufficient innovation potential to warrant investment.
The toolset starts with two defining taxonomies that capture the components of
sociotechnical systems in conjunction with the enablers and barriers that define an
innovation system. The taxonomies recognize that the diffusion of innovation in
sociotechnical systems occurs around different structures and behaviors that can be
identified at micro, meso, and macro levels of the system. Part of the difficulty in assessing
innovation potential is that there are two separate systems, the problem space and the
innovation landscape. These two systems share regional characteristics and actors, but may
be uncoupled in their relative structure and behaviors. Using established research from
system sciences and innovation systems we define a framework for data collection in both
contexts.
Two system framing tools are used to aid in workshops, interviews, group dialog, and study
of the respective problem space and innovation landscape. Both are established methods
with long histories of effectiveness. A strategic foresight method derived from the “Three
Horizons” toolset developed by the International Futures Forum is used to gain inclusive
agreement on trends in the current system and scenarios for long and near term futures. A
sensemaking and systems mapping methodology that combines an action oriented narrative
with visual diagrams of the systems forms the heart of the systems analysis. A key aspect of
this method is the development of generalized system descriptions across multiple contexts
in order to find opportunities that might scale broadly.
In addition to these tools, we suggest the use of a number of management and decision
making tools that aid in collecting, characterizing, ranking, and quantifying problems and
innovation enablers/barriers for decision makers. These tools support a qualitative ranking
jointly of our two systems – the assessment of needs in the problem space and the
assessment of innovation enablers/barriers in the innovation landscape, which provides a
novel approach to quantify decision making compares these two assessments in the current
and future desired systems.
Finally, we discuss a tool to support an action based theory of change to create a framework
for future development and execution. The entire framework supports a robust
methodology for focused research on innovation as a potential solution for complex social
problems.

Journal Portfolio Analysis for Countries, Cities, and Organizations: Maps and
Comparisons
Loet Leydesdorff, Gaston Heimeriks and Daniele Rotolo
Portfolio analysis in terms of journals may provide insights into the specialization of countries,
cities, or knowledge-producing organizations such as universities and firms (for a literature
review see Wallace & Rafols, in press). Analytically, the matrix of journals versus countries
has been basic to evaluative bibliometrics (Narin, 1976). We introduce an instrument to
generate such a matrix for the purpose of mapping and analyzing portfolios using tools
available online.
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The base map onto which the portfolios can be overlaid was developed by Leydesdorff,
Rafols, & Chen (2013). Portfolios can be measured for any document set retrieved from WoS.
In addition to the visuals, the data can be analyzed statistically using the matrix generated in
formats compatible to SPSS and Pajek/UCINET. Analytically, this extension enables the user
to compare among units (e.g., firms), whereas the visuals provide overviews of the results.
First, the user is invited to identify a document set by using the “Advanced Search” interface
of WoS. The identified documents can be examined online using the analytical interface of
WoS, “Analyze Results”. For example, we searched WoS using the search string: “cu=South
Africa and py=2013.” In a number of steps (http://www.leydesdorff.net/portfolio provides
an instruction), the user can thus generate Figure 1. ((This map can be web-started at
http://www.vosviewer.com/vosviewer.php?map=http://www.leydesdorff.net/portfolio/sa.
vos.)
The routine generates a file with Rao-Stirling diversity values and the modification of this
measure (2D3) proposed by Zhang et al. (in press). Diversity can be considered as a measure
of the interdisciplinarity of the portfolios under study (cf. Rafols & Meyer, 2010).The vector
with the number of documents for each of the 10,000+ journals is saved each time as a
column in the file “matrix.dbf”. This file can be read into SPSS for statistical analysis. One also
obtains files for network visualization and analysis in Pajek.
We provide examples at three levels of aggregation. A sample of 43 leading nations covers
1,753,243 documents (that is 89.4% of the total in 2013). Using the matrix of these countries
versus journals, we found a remarkably strong divide between advanced and less-developed
nations. However, a more finely-grained analysis showed regional differences.
Cities can be expected to entertain different portfolios both in terms of their sizes and given
differences among national cultures (e.g., Van Noorden, 2010). A diverse knowledge base
provides more opportunities for knowledge development and related diversification
(Heimeriks & Boschma, 2013). We selected four cities with sufficient variety in each of five
different countries: China, France, Israel, the Netherlands, and the USA. Israel and Israeli
cities (Haifa, Tel Aviv and Beer Sheva) scored highest on diversity.
Figure 2 shows the cosine-normalized comparison among three universities (LSE, Georgia
Tech, and University of Amsterdam) and seven large corporations. (The map can be webstarted
at
http://www.vosviewer.com/vosviewer.php?map=http://www.leydesdorff.net/portfolio/cos
_univ.txt&label_size=1.40&view=3 .) The portfolios of the three universities are significantly
different in terms of their industrial affinities. We noted that the consolidated names (“OG=”)
in the database were reliable in the case of universities, but not when using company names.
The instrument, however, can be used with any document set retrieved from WoS; for
example, for analyzing and comparing individual authors or document sets retrieved on the
basis of informed search strings.
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Intentions, frameworks, and practices in public technology strategy and foresight
exercises: insights from policymakers and strategy developers
Charles Featherston and Eoin O'Sullivan
Context
Increasingly governments are using national published strategies to help accelerate the
development of novel technologies, improve competitiveness in sectors, and support and
develop manufacturing. These strategies convene relevant actors to provide visibility and
promote the intended actions and directions of the relevant community. Such strategies are
often elicited by policymakers and are developed as part of a broader program. For example,
the UK has recently developed a number of technology related strategies as part of its
industrial strategy, including a composites strategy, a quantum technology landscape, and a
robotics and autonomous systems landscape.
Purpose and aim
A brief international review of technology strategies reveals that they focus on different
levels of aggregation of economic activity and pay different attention to different aspects of
innovation and competitiveness. For example, the National Nanotechnology Initiative:
Strategic Plan (NSTC, 2014) provides a vision and focuses on providing visibility of the
activities of the actors in the US nanotechnology community. However, Materials science and
engineering in Germany (acatech, 2008) explores what particular aspects of materials
research and development need to be targeted to accelerate development, including scaleup, data-compatibility, and simulation and modelling. The frameworks, guiding principles,
and practices used to develop these technology strategies are clearly different.
Frameworks are ‘a basic structure underlying a system or context’ (Oxford English Dictionary).
Technology development frameworks can help navigate technologies’ increasing complexity.
Furthermore, they define a number of dimensions (e.g. time, vision, etc.) and ‘topics’ or areas
related to innovation and deployment (e.g. standards, regulation, supply chain, etc.), helping
to collect and structure relevant information. Finally, frameworks can be trialled, developed,
and improved to create more established and tested structures for these exercises.
This paper identifies what policymakers aim to achieve by developing technology strategies.
It also explores:
- what types of strategies both those who want a strategy developed (elicitors) and those
who develop a strategy (developers) believe exist and what frameworks, guiding principles,
and practices are used to develop them;
- how strategy elicitors and developers understand the different ‘topics’ or areas related to
innovation and deployment on which a strategy development exercise might focus and how
these topics are selected; and
- how elicitors’ and developers’ intentions and expected outcomes of the strategy exercises
differ.
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Particular dimensions underpin strategies, such as developing a vision and understanding
what activities need to occur to reach this vision. This paper also draws out these
underpinning dimensions and how they have been applied in the context of technology
strategies.
Method
Interviews were conducted with policymakers who recently elicited strategies and consulting
experts who developed these strategies. The policy makers were asked why they wanted
technology strategies. The consultants were asked what they thought these strategies were
for. Both groups were asked what frameworks they used, what they believed to be the
defining features of these frameworks, and what processes and practices were used to
develop the strategies. They were also asked what different types of strategies they believed
existed.
Results
The interviews revealed only a vague understanding of the differences between different
types of strategies, with technology roadmapping, landscapes, and horizon scans being the
most commonly named. The interviews indicated that technology roadmapping is the most
frequently employed framework. However, roadmapping took a number of different forms
and Phaal and Muller’s (2009) framework was altered considerably for application in the
public sector. Other frameworks, such and landscapes and horizons scans, were vague in
detail and applied in vastly different forms, indicating few fixed frameworks for policy
developers to choose between. The activities used to develop strategies also varied
substantially, suggesting that these activities can be configured differently to achieve
different objectives.
The strategy literature suggests that the fundamental questions of how, what, why, when,
and who form the basis of a strategy. The interviews supported this view, with a vision (what
they wanted), time, and how they were to get there the most common responses.
Furthermore, strategy elicitors and developers both indicated that the topics for analysis
were selected by the participants, suggesting that the make-up of the group developing the
strategies is an important consideration. Finally, the findings suggest that there is little
understanding of how technology strategies fit into the changing policies used over the cycle
of technology emergence to emerged industry.
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A Better Framework for Assessing Large Scale Research Infrastructure
Gretchen Jordan and Steve Montague
This paper and presentation describes a theory-based evaluation framework for measuring
the performance and impacts of large scale research infrastructure (LSRI) – with particular
emphasis on the unique features of these facilities. LSRI are research facilities with unique
capabilities that serve users through merit-based access, and are usually of a scale or
complexity that exceeds the capacity of a single organization, region or nation to fund, build
and manage. Facilities may be aimed at fundamental discoveries to drive our understanding,
focused on specific missions to address the requirements of their users, or some combination
of both. They have both scientific impacts and social and economic impacts.
The literature review and consultations leading up to development of this new evaluation
framework found that there are three major gaps in current practice and that if these are
filled, wider impacts can be assessed earlier in the process and these can increase
understanding of the contributions of LSRI as well as inform improvements.
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1.
The wide variance in the nature and context of LSRI conditions for assessment of
performance is not described. The variety of purposes, target audiences, activities and how
these activities will lead to desired results given specific existing conditions are seldom
explicit. Logic models with underlying causal assumptions have not been done.
2.
Related to the first, while LSRI typically consider a number of important quantitative
indicators for management, not all of the pathways by which outcomes occur have been
clearly explained and pursued. Current practice rarely considers public policy and effects of
government-funded technical infrastructure. Also detailed descriptions of common
sequences of outcomes currently used in assessment of more ordinary S&T organizations are
not used for LSRI. Examples are stages of building trusted relationships with partners or
stages of technology development and commercialization.
3.
Monitoring and evaluation approaches are more limited. Opportunities exist to
monitor and track more impact pathways, document sequences of outcomes, and improve
on both success stories and periodic assessment with careful case studies building on
monitoring data and assessment of progress along impact pathways.
The framework builds on accepted best practice in assessment of organizational impacts and
adapts them for LSRI. The essence of this is that assessment answers questions about
program/organization logic: why is the program important to science and society, what
sequence of results occur from which target audiences, and how did the program influence
that through its activities, taking into account differing conditions. Analysis suggests that
there are some common sequences of results from various groups which can serve to outline
performance expectations. These can be summarized as six impact pathways.
1.
Create a Research Structure that Supports Discovery and Innovation.
2.
Build Research Capacity – Knowledge Base, Qualified People, Research Tools.
3.
Contribute to New Technologies, Competitive Companies, Markets and Clusters.
4.
Inform Government Policies and Decisions.
5.
Inspire Students and Public Appreciation of Science and Technology.
6.
Contribute Directly to Local and High Tech Economic Activity.
Combinations of impact pathway can be defined in consultation with key stakeholders. These
form the core of a logic model (or models) which then guides the LSRI performance
measurement strategy. The Framework’s generic logic models and indicators with data
sources and analysis approaches can be tailored to the evaluation planning of specific LSRI.
The LSRI framework recommends that in order to appropriately assess performance each
LSRI implement a multi-year assessment plan that has three levels of analysis integrated over
a period of time from four to ten years depending on funding cycles and LSRI context.
The three levels of analysis are:
1.
Routinely collect data on inputs, activities, outputs, and engagement (users, partners,
others involved), This includes looking at the quality of facility operations, relevance of
research options provided, people trained, outreach events, and research projects enabled.
It also includes documenting major external influences (e.g., funding for the whole field,
breakthroughs elsewhere). What is collected depends on the LSRI logic model and context.
2.
As required, mid-term reviews will assess progress and early effects. This includes
looking at the continued relevance of research options provided, research results as
measured by publications, collaborations, significance of that research, and user satisfaction.
3.
Periodically, larger assessment efforts can determine longer-term scientific and
socio-economic impacts, both qualitative and quantitative, by using, updating, and expanding
on the data and analysis completed in levels 1 and 2.
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Evaluating a Federal STEM Research Program: A Novel Approach to Constructing A
Comparison Group
Carter Epstein, Amanda Parsad and Alina Martinez
The U.S. National Science Foundation (NSF) uses external evaluations to gather systematic
data on program effectiveness and for program improvement and policy decisions. A key
challenge in investigating the effects of NSF (and other Federal RD) programs is constructing
a comparison group to represent the counterfactual and isolate the role of these programs
in outcomes. Although random assignment designs are the most rigorous test of a program’s
causal impact, they are not feasible when award selection is merit-based. Evaluators have
turned to other approaches, including regression discontinuity designs (Jacob and Lefgren,
2011) or propensity score matching (Martinez, et al., 2012; Pion and Cordray, 2008), to
compare outcomes of successful to unsuccessful applicants. However, these methods are
limited in application by the award selection process or the availability of data on preselection characteristics of applicants. When criteria for these methods are not met,
evaluators must find alternative means to represent the counterfactual. We describe a novel
approach used to construct a comparison group for a study of NSF’s Partnerships for
International Research and Education (PIRE) program.
The PIRE program supports U.S. scientists and engineers who wish to pursue research in
collaboration with international partners. PIRE is intended to promote opportunities for U.S.
researchers to forge international collaborations that enhance research excellence; to
provide international research and educational experiences for U.S. students and faculty; and
to strengthen the capacity for U.S. researchers and institutions to build and sustain
international partnerships. The program funds projects across a broad array of disciplines. To
receive a PIRE award, applicants must demonstrate that the research agenda requires an
international collaboration. PIRE awards last five years and range in size from relatively small,
bi-national consortia to large, multi-national, multi-institutional awards. By June 2013, PIRE
had funded 59 awards across the 2005, 2007, 2010 and 2012 cohorts with award amounts up
to $5 million each.
Key objectives of the evaluation of PIRE required comparing outcomes of the PIRE program
(where international collaboration is a required component) to an appropriate comparison
group (where international collaboration may or may not occur in the absence of any
requirement). These outcomes included the quantity and quality of research produced;
educational and career milestones; and the formation and duration of international
collaborations.
To satisfy these objectives, we constructed a comparison group of non-PIRE, NSF-funded
projects that were as similar as possible to PIRE projects except for requiring international
collaboration. This comparison group represents the counterfactual: the baseline level of
international collaboration that arises (or not) in the absence of PIRE, but with sufficient
similarity to PIRE projects in terms of award amount, duration and other key criteria.
We adopted this approach after determining that the PIRE selection process does not meet
requirements for a regression discontinuity design and that insufficient data on pre-award
characteristics of unsuccessful, proposed PIRE projects were available to support the use of
propensity score methods.
Fifty-five of the 59 PIRE projects were successfully matched to other, non-PIRE projects
funded by one of NSF’s other programs on the following criteria. First, although projects with
international collaborations were eligible for the comparison group, such collaborations
could not be required in order to receive an award under the NSF program. Eligibility was
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further restricted to projects where research was the primary focus (e.g., programs providing
equipment or instrumentation support were ineligible). Priority was given to continuing
grants, the grant mechanism for PIRE, although some comparison projects were standard
grants. In addition, each comparison project had to satisfy the following:
•An award amount within 20 percent of its corresponding PIRE project’s award;
•Total duration within one year of the PIRE project’s duration;
•Start and end dates within one year of the PIRE project’s corresponding dates;
•Similar disciplinary focus of senior investigators;
•At least two participating institutions (U.S. or international);
•Graduate student involvement; and
•Lead PI must not have received a PIRE award.
Furthermore, within each matched PIRE-comparison project pair, a “greedy matching”
algorithm was used to match PIRE-comparison projects’ principal investigators, postdoctoral
and graduate students for analysis of participant-level outcomes. Details of this algorithm are
included in the paper. We provide evidence of the comparability of the resulting comparison
group, describe the conditions that made this approach feasible and discuss both advantages
and limitations of the approach for use in other contexts.

An Evaluation of the NSF SBIR/STTR Supplement for Membership in
Industry/University Cooperative Research Centers (IUCRC): Synergistic Effects from
Bridging Two S&T Programs
Denis Gray, Drew Rivers, Mcgowen Lindsey, Lena Leonchuk and Tim Michaelis
Government funding agencies often provide supplemental funding opportunities to
individuals and groups that it currently funds. This practice is common place across various
agencies (NSF, NIH, DoD). Since these funding opportunities usually involve a modest amount
of support and are thought of as minor expansion or enhancements to the awardee’s mission
and/or capabilities, they are rarely subjected to serious evaluation scrutiny. Supplemental
funding opportunities might be used to produce significant synergistic effects between
programs. Although little research has been devoted to this topic, similar results may be
possible within the realm of organizational or programmatic innovation wherein synergistic
effects are produced by creative combination of different programmatic innovations (Sutton
& Hargadon, 1997).
The Small Business Innovation Research (SBIR) Membership Supplement in IUCRCs (SBIR
Supplement), launched in 2008 by NSF provides an interesting example of an attempt to
produce synergistic programmatic effects. The initiative builds on two highly regarded and
carefully evaluated STI programs. SBIR/STTR program provides funding to small businesses,
often startups, to assist them in moving from research to commercialization. It has been the
subject of a variety of evaluation efforts and the consensus of these studies is that it has been
effective (Audretsch, Link, & Scott, 2002). The IUCRC program (started 1980s), supports precompetitive research via multidisciplinary, team, and consortial processes between
universities and primarily large firms. It has been the subject of an extensive program of
evaluation research and has also been judged effective (Gray, 2008). The SBIR Supplement
attempts to leverage the strengths of these two programs by providing Phase II SBIR/STTR
firms who have limited R&D capabilities and technical networks with a subsidized
membership in an IUCRC while center stakeholders are exposed to the type of
entrepreneurial start-up that rarely have the resources to participate in an IUCRC.

77

Given the novelty of this type of arrangement and limited evaluation research on similar
combinatorial programmatic interventions, we choose to understand the effect for both the
IUCRCs and the SBIR participants. This paper will focus on the SBIR company benefits.
This part of the study explored how SBIR firms get involved involved in an SBIR Membership
Supplement, their membership experience, and the benefits of their participation. Data were
collected from firms that had received supplements between 2008-2013. Fifty-six firm
representatives participated in a structured telephone interview. Respondents reported their
interests aligned with center research agendas and most reported regular participation in
center meetings. The majority of SBIR representatives reported a variety of networking, R&D
and commercialization benefits from their participation including identification of new
applications and improved products. Novel impacts included enhanced understanding of and
access to customers via interactions with existing center members. About half of all
participants listed operational, supplement,or research issues (mostly minor) that that could
have been improved. Almost 90% of respondents indicated membership participation was
worth the time and money they invested in the arrangement. Implications for policy and
program development will be discussed.
Audretsch, D. Link, A. Scott, J. (2002). Public/private technology partnerships: Evaluating
SBIR-supported research. Research Policy, 31, 145-158.
Gray, D.O. (2008). Making team science better: Applying improvement-oriented evaluation
principles to the evaluation of cooperative research centers. New Directions for Evaluation,
118, 73-87
Hargadon, A. & Sutton, R. (1997). Technology brokering and innovation in a product
development firm. Administrative Science Quarterly, 42, 716-749. Varian, H. Farrell, J. and
Shapiro, C. (2004). Economics of Innovation Technology: An introduction. Cambridge:
Cambridge University Press
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Effect and Impact Review on “100-talents” policy of Chinese Academy of Sciences
Xiaoxi Xiao, Meng Li and Xiaoxuan Li
The “100-talents” policy of Chinese Academy of Sciences (CAS), has been the first influential
S&T talents policy in China since 1980s. This policy was initiated in 1994, aiming at recruiting
and funding 100 talented scientists from the world to address CAS’s problem of lacking top
scientists at that time, although the number of selected scientists has marvelously been
enlarged since CAS obtained specific funds for this policy from Chinese center government in
1998. Till the end of 2013, CAS “100-talents” policy have recruited 2145 scientists, with the
average funds of 2 million RMB yuan provided to each of them for research activities and
personal allowance. In 2014, Evaluation Center of CAS was contracted with CAS headquarter
to review the effect and impact of CAS “100-talents” policy.
Effect review of “100-talents” policy aims at assessing direct effect of this policy on CAS’s
innovative capability defined below: structure of CAS scientists’ team, quality and quantity of
high level scientists in CAS, major S&T programs undertaken in CAS, major breakthrough and
contribution by CAS scientists, development of disciplines and platforms, international
collaboration level, quality of training graduates students. We collected quantitative data
mainly from CAS headquarter and CAS institutions.
As the quantitative analysis shown, most scientists recruited and funded by CAS “100-talents”
policy have developed well in CAS, and innovative capability of CAS has been greatly
promoted after 20 years’ implementation of this policy, which means problems of lacking top
scientists in CAS have been solved successfully. 1/3 of scientists selected by CAS “100-talents”
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policy had obtained Ph.D. degree from world’s top 100 universities or had academic
experiences in world’s top 59 research institutions . What’s more, although scientists selected
by this policy only counted for less than 4% of the total number of CAS employees, they have
contributed 1/3 or even 1/2 in CAS significant outputs during last two decades of years. For
example, number of top 1% SCI/SSCI papers published by “100-talents” scientists have
occupied 41% of total in CAS from 2008 to 2011.
Impact review of “100-talents” policy aims at analyzing broader impact of this policy on
Chinese science community, policies and culture. Desk work on “100-talents” policy was done
to understand background and purpose of this policy. We also interviewed the following
stakeholders: 24 representatives of scientists selected by CAS “100-talents” policy; 5
directors of CAS institutions where scientists selected by this policy were working; 10
representatives of officials from Chinese government departments such as MOST, NSFC,
SAFEA, MHRSS; 3 academicians of CAS.
Qualitative methods were employed to compare and conclude opinions of different
stakeholders. In terms of impact in China, firstly it is clear that CAS “100-talents” policy has
attracted lots of talent scientists working for not only CAS but also Chinese universities, S&T
management departments, and Chinese industries, as 160 scientists selected by “100talents” policy had moved to these institutions now. Secondly, Chinese government have
already launched many talents policies, such as Changjiang Scholars Program (by MOE),
Thousand Talents Program (by COD), etc., based on experiences of CAS “100-talents” policy.
These talents policies have clearly similar organizational methods as CAS “100-talents” policy.
Further, cultural impact of CAS “100-talents” policy has been observed. Background of
initiating CAS “100-talents” policy was associated with scarcity of well-trained scientists and
lack of scientific culture in 1980s. At that time, scientists in China led poor lives, and had few
funds to undertake researches, which resulted in lot of scientists’ quitting their academic
careers and prohibiting ethnic Chinese scientists from returning back to China. However, this
situation has been enormously changed since CAS “100-talents” policy started in 1994.
Selected by this policy, scientists were able to build advanced research facilities and better
their personal lives. Because of this policy, Chinese academic atmospheres have been aligned
to western countries, which make many ethnic Chinese scientists willing to work in China in
recent decade of years.
Nevertheless, our review also found some problems and challenges for this policy. For
example, some interviewees called for special attention to inequity between indigenously
trained scientists and exotically introduced talents selected by CAS “100-talents” policy.
Some scientists also pointed that levels of scientists selected by CAS “100-talents” policy were
declining because of national talents policies’ rapid emerging.
In conclusion, CAS “100-talents” policy has obvious positive effects and impact on CAS and
China, even though some problems also exist.

Innovation policy mix in a multi-level context: challanges for coordination
Anete Vitola
Innovation policies are no longer the responsibility of national-level governments alone,
because regions and supra-national organizations also implement these policies.National
governments try to safeguard budgets and think of new ways to support innovation.
Regional, local and supra-national authorities also increasingly consider innovation policy to
be an important activity. This creates new policy coordination challanges. At one government
level horizontal coordination is important, but in the multi-level system vertical coordination
has to be considered. Proposed poster aims to identify the character of the relations between
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different government levels which implement innovation policy in six Baltic Sea Region
countries (Sweden, Denmark, Finland, Latvia, Estonia and Lithuania) by concentrating on
policy coordination. In the Baltic States there are two parallel government levels (national
and supra national), but in the Nordic countries – three (regional, national and supra
national).
Expansion of innovation policy to different government levels may create a risk of
overlapping between various policy initiatives, therefore a distribution of tasks and policy
coordination is very important. The theoretical background of the paper will focus on the
concept of policy mix which emphasizes the role of interactions between different policies in
different dimensions. Coordination is sone of the core elements of the concept. Innovation
policy strategies and in-depth interviews with policy-makers will be analysed in the paper to
characterize the multi-level innovation policy mixes. The results will demonstrate how
innovation policy mixes in the Baltic Sea Region countries are coordinated.

Network Trend Analysis of Related Search Words by Country
Yong-Il Jeong
Trends of information use can be obtained by investigating popular topics and issues of
information users through visualization of related search words. Consecutive patterns of
search words used were investigated, and relationships between search words were
developed into Topic Maps to examine the keywords for major issues in each country. A
network of search words was created to find the issues of interest. Meaningful keywords
among issue-related keywords were reviewed to see whether they could be recommended
as related data. This paper proposed methods for systematically analyzing search data(ex]
log), for converting analyzed search patterns into Topic Maps, and for creating a network of
related search words. The results were analyzed as well.

Indonesia’s Nuclear Power Controversy: How do Islamic Groups Respond to Nuclear
Power Technology?
Pratama Yudha Pradheksa
Nuclear power has long been a controversial issue around the world since decades. But,
unlike many nuclear power controversies, the actors in Indonesia’s nuclear power
controversy involve not only scientific facts but also Islamic considerations. In September
2007, using combined scientific facts and Islamic arguments, some local Islamic leaders
declared fatwa haram (forbidden in Islamic law) to forbid a nuclear power plant in Muria, the
Central Java. They argued that the risks of the prospective of nuclear power plant outweigh
the benefits. However, three years later, just a year before the Fukushima Daiichi “triple
disaster” occurred in Japan, some national Islamic leaders claimed to support the prospective
Indonesia’s nuclear energy, and published a book What do They Say about Nuclear?. Despite
having the same source of Islamic interpretation, the national and the local Islamic groups
interpreted differently nuclear power technology. With combined a controversy study and
the sociology of religion, this poster analyzes the events that the actors involved in the
controversy, including roles in making the decision. This poster is part of my prospective
thesis research looking at the intersection of scientific controversy and the sociology religion
in the Indonesia’s nuclear power controversy. The poster also highlights rationales of the
actors. Lastly, this poster identifies that Indonesian nuclear experts seem to have dual duties:
to think scientifically and to consider Islamic arguments in producing their knowledge.
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Which framework for International Cooperation Policies? Analysis of a funding
agency policies.
Amanda Domingues
OBJETIVES: This poster aims at introducing Policy Analysis field as an interesting tool to
investigate International Science and Technology Cooperation Policy (IS&TCP).
IS&TCP can be defined as explicit actions performed by government officials such as official
agreements that influence the intensity, content and direction of collaboration between
scientists, researchers and policymakers across borders¹. IS&TCP can be established at the
national level - bilateral or multilateral – or at the transnational level, involving a
supranational body or a specific governance.
Considering this definition, it can be argued that IS&TCP cannot be treated as ordinary
policies in that they present certain particularities that should be taken into account: (i) their
scope is very broad covering a wide range of topics such as research financing, innovation
incentives to companies and knowledge diffusion; (ii) like regular Science and Technology
policies they serve as basis for other public policies such as health, education and industrial
policies and constitute one of the main axis to national development; (iii) they affect the
political, social, economic and diplomatic realms of States and are not only part of the
national Science and Technology Policy of a country but also its Foreign Policy.
METHODOLOGY: This work applies the concepts of Policy Analysis to a case study in order to
assess its contribution to aspects of the International S&T Cooperation Policies (IS&TCP) such
as: decision making process and actors involved; strategies implemented and alternative
options of policy. Other approaches – Foreign Policy Analysis for example – were also
considered but discarded due to their lower contribution when compared to Policy Analysis.
The chosen approach was considered to cope well with IS&TCP complexities.
São Paulo Research Foundation (FAPESP) was selected as case study firstly because it is one
of the most important funding agencies in the world. FAPESP finances the biggest and most
developed research community in Brazil (State of São Paulo's research community) with a
budget that represented in 2013 around 34% of the United State's National Science
Foundation investment (about US$2,4 billion; nothing bad for a third world country!). It is
also one of the research foundations with the higher degree of security of funds and
autonomy from the federal government². Considerable data concerning its S&T policies are
available online at FAPESP's website and in addition to data collection interviews were also
conducted.
RESULTS: the Policy Analysis approach was successful applied and revealed important aspects
of FAPESP's IS&TCP. It is important to note however, that this positive outcome was only
possible with the theoretical support of International Relations field and concepts like
International Regimes, Cooperative Games, Dependency Models.
This paper contribution is twofold: firstly it offers practical tools to analyze, understand and
improve Science and Technology Policies, connecting S&T topics to the political process.
Applying those tools to policy analysis results in more adequate policies that most achieve a
given set of goals. Secondly it shows how Policy Analysis approach and International Relations
theories offer clear and deep understanding of the political process and how these concepts
should be applied by policymakers – who then are able to acknowledge both the national and
the transnational character of these policies; and to apprehend the international cooperative
environment and the actors participating in it.
¹ - European Commission. Drivers of International Collaboration in Research. Luxembourg:
Publications Office of the European Union, 2009.
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² - The Royal Society. New Frontiers of Science Diplomacy. London: The Royal Society, 2010.

Government's Role in Clean Energy Technology Innovation: Carbon Capture and
Storage Development in China and the United States
Xiaoliang Yang and David Sonnenfeld
This paper examines the role of government in promoting innovation in large-scale energy
technologies to address climate change, drawing on the experience of Carbon Capture and
Storage (CCS) development in China and the United States (US). Aimed at scholars,
policymakers, and sectoral analysts, the paper also offers recommendations on policy
instruments and implementation.
Clean energy technology development and deployment plays a central role in tackling climate
change and progressing toward a 'low-carbon' world. As early as 2004, Pacala & Socolow
introduced seven 'wedges' to achieve stable emissions by 2050 (to ~500 ppm CO2
concentrations in the atmosphere). The seven wedges are mainly about the gradual
increasing deployment of clean energy technologies over the next four decades, including
renewable energy, nuclear energy, carbon capture and storage, electrical vehicles, etc. The
International Energy Agency (IEA) also publishes its annual Energy Technology Perspective,
tracking clean energy technology development and discussing countries’ policy actions.
Economic and technological efficiencies of large-scale, clean energy systems can be achieved
only through intensive research and development (R&D) and learning-by-doing. Due to
market limitations/ failures in realizing environmental externalities and producing 'public
goods' technologies, industries lack sufficient incentive for the scale of investment necessary
for research, development, and dissemination (RD&D) of climate-friendly technologies.
Compared to 10-20% in the information technology and pharmaceuticals sectors, in the
energy sector the technology turnover rate is only 0.4% (Neuhoff, 2005; Margolis & Kammen,
1999). With strong market incentives, the former sectors receive robust private financing to
upgrade technology. Many critically important clean energy systems are highly capital
intensive, with a decades-long processing time. The IEA (2010) estimated that a total
investment cost of $26.6 billion is needed to deliver early CCS demonstrations. After these
initial demonstration projects, much knowledge remains to be obtained at a progressive
scale, preventing private sectors from undertaking the full learning process alone. Therefore,
governments fund research institutes and private firms to conduct clean energy technology
RD&D; they also create markets in which firms can benefit financially from creating and using
low-carbon technologies – this is referred to as 'technology push' and 'demand pull'.
China, the US, UK, and Australia, among other large economies, have taken aggressive action
to support basic research, pilot and demonstration projects for CCS, a technology holding
significant promise for reducing carbon dioxide from large point sources. The world’s first
industry-scale, Integrated Gasification Combined Cycle plant, in Kemper, Mississippi, received
a $270 million grant from the Department of Energy, plus $133 million in investment tax
credits approved by the Internal Revenue Service. Meanwhile, the Mississippi Public Service
Commission approved the retail rate increases for 186,000 ratepayers to support the IGCC
facility effective in March 2013. All four nations also published their own CCS roadmap(s),
planning to develop CCS to meet their climate goals. As a result, a critical question emerges,
how effective is government action in advancing CCS technologies?
Building on and contributing to the literature on innovation in clean energy technology, this
paper examines the effects of the US and China’s government actions through the lenses of
RD&D and 'learning-by-doing'. A possible optimal analytical model on the respective roles of
government, research institutes, and firms in technology learning to maximize clean energy
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technology is developed and tested. The paper is organized in five sections: The first briefly
introduces the scale of clean energy technology development required for combating climate
change and the US and China’s major government actions on CCS. The literature on
technology learning and government roles, and the scholarly contributions of this paper are
discussed in the second section. Section three describes the research design and methods,
with a focus of the analytical model. That model is applied in the US and China’s context, and
the results and discussion is presented in section four. The paper concludes with a discussion
of policy implications.

Meta-analysis and its application in the research on the development status of
atomic clocks
Fan Yang, Haiming Wang and Lin Han
Precise time standard forms the basis of sciences such as precision spectroscopy and the
determination of fundamental constants. It is also a fundamental technology with a
significant impact on applications found throughout modern society, such as global
positioning systems and high-speed communications network. An atomic clock is a precise
type of clock that stabilizes the oscillator frequency by referring and locking it to an atomic
resonance. At present, the most accurate time measurements are made by atomic clocks and
the precision is increasing with rapid developments.
A better understanding of the global development status of atomic clocks is necessary to
provide support for emerging research areas and highlight areas where further research is
necessary. Results from individual studies show considerable variations in key characteristics
of atomic clocks. Global patterns may be much more important than individual studies when
assessing the development status of atomic clocks. There is a clear need to quantitatively
synthesize existing results on the key characteristics of various types of atomic clocks in order
to either get the general consensus or summarize the differences.
Meta-analysis is a quantitative synthetic research method that statistically integrates results
from individual studies to find common trends and differences. There has been a widespread
discussion about the state of the research on atomic clocks within the academic circles,
however few synthetic research based on the rich resources of available literatures has been
performed. This paper reviews the general methodology of meta-analysis, and synthesizes its
use in assessing the global development status of atomic clocks and discusses future
direction.
1 Meta-analysis
Meta-analysis provides a means of quantitatively integrating results to produce the average
effect, so as to be used to develop general conclusions, delimits the differences among
multiple studies and the gap in previous studies, and provides new research directions and
insights. Criticisms of meta-analysis are due to its shortcomings and misapplications,
including publication bias, subjectivity in literature selection, and non-independence among
studies. Various methods are developed to verify the publication bias.
The steps of performing the meta-analysis method are as follow: (1) formulating research
question, (2) collecting all relevant researches from individual studies related to the problem,
(3) designing the special forms for recording information extracted from selected literatures,
(4) selecting the effect size metrics and analysis models, and (5) conducting summary
analyses and interpretation.
2 Meta-analysis of the development status of atomic clocks
Literature searches were conducted using ISI Web of Science database and other similar
search engines for the relevant keywords: atomic clock, cold atom clock, optical clock, ionic
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clock, space atomic clock, etc. We also checked the published studies of the world’s major
atomic clock research institutions, including National Institute of Standards and Technology
(NIST), Physikalisch Technische Bundesanstalt (PTB) and so on. Qualifying data constituted
any reported numerical findings applicable for a quantitative meta-analysis, i.e., the key
characteristics of various types of atomic clocks. Studies were collected for analysis until
February 2013. Data were manually retrieved from publications due to the different
information formats in the scientific publications. To explore the main characteristics of the
wide variety of atomic clocks, we selected transition frequency, medium/long-term
frequency stability, frequency accuracy, natural/actual linewidth, quality factor, etc. Other
response variables were not available in enough quantity to include in meaningful
quantitative analyses.
The result indicates that the investigations on fountain clock, optical clock, optical lattice
clock, and nuclear clock have become the active field in atomic clock research. The accuracy
of primary frequency standards contributing data to International Time Bureau (BIH) has
greatly increased since 1950’s and has reached 10^–16 level.
The femtosecond optical frequency combs associated with the laser cooling and trapping
has also reached maturity, thereby providing various isolated and nearly motionless quantum
references for the optical clocks. The best of these new clocks are now surpassing the
accuracy of even the best Cs fountain clocks. NIST have succeeded in demonstrating two
optical clocks based on single trapped Hg and Al ions with the stability of 1.9×10^–17 and
8.6×10^–18, respectively. For a well chosen transition, the systematic uncertainties of the
optical clocks are expected to be as low as 10−18. A “solid-state nuclear clock” from
229Thorium nuclei implanted into VUV transparent Calcium ﬂuoride crystals will open new
possibility of reaching a fractional instability on the 10^−21 level.

Debating Formal and Informal Innovation
Kanchan Lala, Dr. Kunal Sinha and Toposhree Taraphdar
Debating Formal and Informal Innovation
Introduction
The history of innovation is as old as of the mankind itself, with its prime focus to help human
beings live a comfortable life. The evolution of innovation studies has not only added a new
dimension to the domain of scientific knowledge production, but has also influenced
individual as well as nations. Innovation is being defined as “…implementation of a new
organizational method in business practices, workplace organizational or external relations”
[OECD, Eurostat 2005]. Despite the advancement in the discipline, the categorization of
formal and informal has been quite a significant debate over time, the early contributor like
Schumpeter , scholar like Nelson and Winter tracks the importance of firm-level knowledge
as the driving force in the Innovation process (Jan Fagerberg, 2012). Despite the upper edge
of the formal sector, innovation in the informal sector has been the central focal point over
the years, with countries like India were the major work force (almost 90%) is being engaged
in the informal sector. Grassroot Innovation has added a new dimension to the field, where
the central theme of innovation is not guided by a structural framework, rather the
motivation and self-guided framework results into fascinating discoveries (Hemant Kumar,
2014).
Formal, Informal Sector and Innovation
The outmost view of innovation includes technological, economic, and social solution, in the
step of Idea formulation, Production/development, and Commercialization. According to
(Giuliano Bianchi, 1996) the formal innovation undergoes various cycles to end up with the
84

product in the market for mass consumption Informal sector has been one of the more
complex area to define, the concepts evolves in 1971 by Hart at the International Labour
organization. Since its inception it has been reframed continuously, India is being a dual
economic country with over 70 percent of its population is rural and 60 percent are engaged
in agriculture, and only 11 percentage of workforce is engaged in public sector with the rest
relies on informal sector (Dutz, 2007). However, there has been considerable amount of
transformation from the old view model to the new view model, where the former was
considered to be problematic due to labour exploitation, wage rate, rather the new view act
as a support system for the organized sector.
Methodology
According to various scholars informal innovation has been thought of the wrong choice of
import technology, mainly occurred in developing country due to low capital, and the
unaffordability to technology, but in other way it act as sustainability as the waste of formal
sector is often the platform for product innovation. To holistically understand the nexus of
formal and informal innovation, two cases has been taken off one each from the two sector
followed by an overview of IPR (Intellectual Property Right) in agriculture manufacturing,
focusing the above mention debate. The research is exploratory in nature, and the data are
collected mainly from the secondary sources. The research will mainly focus through certain
key issues which have been framed in accordance with the literature available.
Conclusion
The paper trace that informal and formal though differ a lot in their structure and form , the
former being free from organizational constrain and lack of R&D support, while the latter is
mainly equipped with all these features. Idea generation and financial support is mainly
guided by self-motivation in case of former but the essence of these innovations is quite
important in the context of development in the developing countries. The paper tries to look
forward the debate by tracing the current innovation in both institution and public sphere,
the objective of the paper is to theorize that informal and formal are not entirely different
set of innovation process, yet the process are different but the intermediator like NIF and
other government bodies tries to accommodate the unstructured to structured form through
various schemes and policies.
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Research on applying scientometric methods in the proof analysis in S&T policymakings
Jielan Ding, Xiwen Liu, Liying Yang, Yanpeng Wang and Yanqi Zhai
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Scientometrics, especially evaluation bibiometrics, has been developed in a big step in both
theoretical and empirical aspects in recent two decades. Scientometrics has become one of
the basic methodologies to promote research of S&amp;T (ie. science and technology) policy.
More and more scientific management organizations from many countries focus on applying
scientometric methods in S&amp;T policy-makings to optimize and support S&amp;T policymakings and scientific management process. This research aims at studying the profile of
applying scientometric methods in S&amp;T policy-makings from research papers. Through
the analysis, we try to answer the following questions: in which research topics of S&amp;T
policy field, scientometric methods have been applied? in which research topics of S&amp;T
policy field, scientometric methods have been applied more/less frequently? which research
topics of S&amp;T policy field are the potential areas where scientometric methods can be
applied?
In the research, we select all papers from Scientometrics and Research Policy as two separate
datasets in 2010-2014, since the two journals are the most specialized and typical journal in
the fields of scientometrics and research policy separately. We compare the 2742 keywords
from Scientometrics and 1644 keywords from Research Policy after cleaning the keywords,
and there are 270 common keywords between the two datasets. We make a deep analysis
about the 270 common keywords by dividing the common keywords into two groups (high
frequency keywords &amp; low frequency keywords ) and from two dimensions(words'
frequency in Scientometrics &amp; words' frequency in Research Policy). Then we get four
different types of keywords which represent four different kind of research topics related to
both scientometrics and S&amp;T policy.
From the research, we find that: there are 25 keywords which are high frequency words in
both Scientometrics and Research Policy. These words are the main general concepts and
core/hot topics in scientometrics or S&amp;T policy field, such as Bibliometrics, Citation
analysis, Research productivity, Innovation, Patents and Research collaboration. It shows that
in macro-level scientometric methods are applied more frequently in S&amp;T policy. There
are 25 keywords which are high frequency words in Research Policy but low frequency words
in Scientometrics. These words are some specific topics of the main general concepts and
core/hot topics in S&amp;T policy field, such as Open innovation, Innovation systems,
Knowledge transfer, Innovation performance, which are specific aspects of innovation . It
shows that in micro-level or in some specific topics scientometric methods are applied less
frequently in S&amp;T policy. There are 60 keywords which are high frequency words in
Scientometrics but low frequency words in Research Policy. These words can generally be
divided into three parts: some of them are the hot topics in scientometics, such as co-authors,
peer review, indicators, patent citations; some of them are the topics from research policy
which are not hot in the field, but they are hot in scientometrics, such as research
performance; others are topics in social science or science' science, such as Impact, Higher
education and Academic disciplines. It shows that, some hot topics and important methods
from scientometrics are little mentioned in S&amp;T policy, and some issues related to
S&amp;T policy which are studied in scientometric methods are not core or hot topics in
S&amp;T policy field. What's more, there are some topics from social science which are
studied both in scientometric and S&amp;T policy field separately, and these topics can be
studied by the combined methods from these two fields. There are 160 keywords which are
low frequency words in both Scientometrics and Research Policy. These words are related to
many aspects from scientometrics or S&amp;T policy or even social science. And some of the
related topics can be seen as potential topics of S&amp;T policy field where scientometric
methods can be applied, such as academic career, evolution of research fields.
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In conclusion, it shows that in macro-level scientometric methods are applied more
frequently in S&amp;T policy, but in micro-level or in some specific topics scientometric
methods are less applied. Some hot topics and important methods from scientometrics are
infrequently applied in S&amp;T policy. Some issues related to S&amp;T policy which are
studied in scientometric methods are not core or hot topics in S&amp;T policy field, but just
some periphery topics. It shows that Scientometric methods applied in S&amp;T policy field
are limited, not sufficient and not meeting the needs of S&amp;T policy-makings well. There
are some other applicable and potential subfields in S&amp;T policy-makings which can be
studied in scientometric methods having seldom been noticed. We hope this research could
help apply scientometric methods in S&amp;T policy-makings in a more sufficient way.

What is Novel in China’s New R&D Institutes? From Mission-ManagementGovernance Perspective
Dongbo Shi and Xuejing Guo
Over the last three decades, grand challenges in the current economic structure come
together with the high-speed economic development, such as environment pollution,
resource exhaustion and increasing costs of labors. To transit to a sustainable and inclusive
development model, China has carried out the strategy of innovation-driven development.
The efficiency of China’s R&D institutes, the key actors of national innovation system, is
significant to this strategy. Recently, several new R&D institutes has become more and more
influential and attracted the attention of both policy makers and researchers. Why some of
them succeed in their fields and what is novel in these institutes? These questions are related
not only to the ongoing institutes reform but also to the whole national innovation system.
Despite the many useful and informative studies focusing on particular aspects of these
institutes (such as He & Long, 2014; Zeng &Lin 2013,2014), there is a conspicuous dearth of
studies providing a systematic study to explore the mechanism behind these institutes. To fill
this void, we choose two extremely successful institutes as cases. One is BGI, which is famous
for its outstanding publications (Figure 1) as well as commercial profits in DNA sequencing.
The other on is National Institute of Biology Science (NIBS), which is famous for its special
invectives to young researchers and also their outstanding publications (Figure 1) and
worldwide reputations. We interview the researchers and the managers of these institutes
to investigate their missions and strategies. Further more, we take Beijing Institutes of
Genomics of Chinese Academy of Sciences (BIG) as an example to study what is novel in these
new institutes.
We use the “Mission-Management-Governance” framework (Xue and Chen,2012) to
compare these three cases . Organization mission refers to “what to do”, which product or
service the institute produce; operational management refers to “how to do”, how to
organize researchers to work and how to pay them; governance means the power to evaluate
the institutes both from outside and inside of the organization.
The main findings are:
1.BIG is highly organized as a private corporation, which brings its success. Basic research is
some kind a by-product of its commercialization. However, BIG is lack of clear property
structure and this restricts its further development.
2.NIBS’s success comes from its clear mission and matched management model. It follows
the mechanism of basic research to provide incentives to its scientists. Its week governance
power might bring risk in the future.
3.BGI is restricted in basic research by its outside governance power. But mismatched
management lowers its productivity.
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Further, it can be concluded that:
1. The key to success of new R&D institutes is the match of mission and management, which
is not so novel.
2. Week governance power might bring risk in the future.
3. Clear mission, matched management and strong governance are key to the further reform
of science and technology institution.

A Study on the Problems of Funds Management in National Natural Science
Foundation of China (NSFC)
Ruhan A, Chunliang Fan and Xiaoxuan Li
In 1986 following National Science Foundation (NSF) model, Chinese government established
National Natural Science Foundation of China (NSFC) to support basic scientific research in
China. On the one hand, following NSF’s management model, NSFC supports scientists to do
research on free topics and uses peer review as the proposal selection method. On the other
hand, NSFC also explores Chinese characteristics funds management methods. For example,
beyond free topic research, NSFC also supports proposition research to meet national needs
as well as training young scientists. Especially in the aspect of funds management, NSFC is
different from NSF. Upper total budget line is set for projects instead of doing cost
reimbursement. Meanwhile, labor fee and indirect cost budget are made by fixed rate. In the
beginning, the funding amount as well as the financial management capability in China was
quite limited, so simplified management also worked well. However, after near 30 years of
development, government scientific research investment has been substantially increased.
The previous simplified Chinese characteristic funds management model in NSFC could no
longer adept to the new status. Even worse, it becomes the obstacles in NSFC’s funding
efficiency improvement. Keep the old way or make changes thus becomes an important
choice in NSFC’s development.
Firstly, based on the above background, this paper analyzes 7 main problems NSFC facing in
its funds management. (1) What is the base of the total project budget? It is the real needs
or upper line set by NSFC? (2) Should labor fee cap in project budgeting be kept? If kept, how
to decide the proper line? (3) Should indirect cost rate cap in project budgeting be kept? If
kept, how to decide the proper line? (4) Could performance salary of permanent staff be
charged from NSFC project funds? (5) Should NSFC project budget caliber be unified to other
government scientific research funding? How to manage the flexibility of project budgeting?
(6) Should the policy of retaining the balance of project funds be kept? (7) What is the role
of the universities and research institutes in the funds management? How to stimulate and
guarantee institutes’ management?
Secondly, in-depth analysis to cause of the above problems is given. NSFC funds management
development in the past 29 years and the development of Chinese government research
funding from macro view are analyzed as the internal and external cause. Focus discussion,
questioner analysis and feasibility analysis are conducted to provide solutions for the
problems.
Finally, based on the above analysis, Changing toward a new funds management model
according with the rules of scientific research activities is the ideal goal of reform in NSFC.
However, considering the practical status of financial management and government scientific
research funding system, we propose a periodical plan: (1) Majority kinds of projects still keep
the upper budget limitation. Cost reimbursement policy applies to some kinds of huge
projects, such as key project, major project and major equipment project. (2) The labor fee
cap should be canceled to alleviate the performance salary shortage in universities and
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research institutes. (3) Instead of canceling the cap, improving indirect cost rate cap to 20%
is a stage solution, as in the present stage institutes lack the ability to account the accurate
indirect rate. (4) NSFC will not consider directly compensate performance salary of
permanent staff, instead increasing indirect cost rate cap and allowing institutes to
compensate performance salary from indirect cost might be a stage solution. (5) Budget
caliber for scientific research projects at government funding level should be unified. Given
the uncertainty of scientific research, NSFC should delegate the budget adjustment right to
universities and research institutes. (6) The policy of retaining the balance of funds for future
research should be continued while the supervision should be reinforced. (7) Universities and
research institutes are the first level agent in principal-agent relationship built by project
funding. Some of the funds management duties and powers should be assigned to them.
Allocating indirect cost directly into institutions is a good choice to stimulate and guarantee
institutes’ management.
Research conclusions and suggestions in this paper were adopted by NSFC and suggestions
about labor fee cap and indirect cost rate have already been written in to the new funds
regulation.

International Scientific Relations
Francisco Del Canto Viterale
This research studies the intersection between Science, Technology, Innovation and
International Relations. The main objective of this research was to create an original
theoretical and methodological framework that provides a wide comprehensive map of the
current reality of scientific knowledge in the world system at the beginning of the 21st
Century. The analysis uses an interdisciplinary, systems approach and applies systems models
to study the characteristics of scientific knowledge within the international systems. The
result is a Systems Architecture Model that examines the structure of scientific knowledge in
the context of the post-Cold War international system.
The profound changes occurring in the international system over the past 25 years have
resulted in new rules and new world patterns. One of the most relevant topics in the new
global agenda is scientific knowledge. The deep impact that the technological revolution is
generating has special incidence in the scientific knowledge and in the role that is playing in
the international system. At the beginning of the 21st Century, scientific knowledge has
acquired a significant economic value that generates a very strong impact on the economic,
social and political system. The new aspect is that it becomes central to this new stage of
international relations, and a main source that generates economic richness, political power
and social development. The main hypotheses of this research refers to the transition to a
new international system after the Cold War era that has modified the geopolitical and geoeconomic structure of the scientific knowledge, and has created a new one, characterized by
the participation of new actors; by producing a new dynamic of interaction between the
international stakeholders; by new internal processes and mechanisms; by the emergence of
new systemic realities; and by the configuration of a global structure more unequal, multipolar, conflictive and competitive of the scientific knowledge within the international system.
The analysis uses an interdisciplinary, systems approach and applies systems models in order
to study the holistic characteristics of scientific knowledge within the international systems.
The research model was developed with the following criteria: i) A research project within
the academic area of Social Sciences that pretends to have a multi and interdisciplinary point
of view that allows us to combine different disciplines, methods and techniques; ii)
Complementary with this interdisciplinary approach, the research pretends to focus on the
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autonomous field of the International Relations as a principal academic discipline; iii) The
research uses quantitative and qualitative models and techniques; iv) The Systems Approach
was adopted as main methodological model; and, v) Uses specific systems models that are
combined to develop an integrated System Architecture Model.
The world order after the Cold War is a new transitional scenario in which science, technology
and innovation have become key factors reconfiguring the New World Order. In today’s
Knowledge Society, scientific knowledge is enabling a new geopolitical and geo-economic
structure of power at the national and international level. This research reached the three
initial established objectives and contributed with findings in three different aspects:
- Theoretical: The creation of a theoretical systematization of the role of scientific knowledge
in the world system using a new approach within the Social Sciences and International
Relations.
- Methodological: The use of interdisciplinary, systems approach and application of systems
models to study the characteristics of scientific knowledge within the international systems
and the creation of a Systems Architecture Model as a new methodological tool to analyze
the impact of S&T in the international relations.
- Empirical: The application of the Systems Architecture Model to examine the structure of
scientific knowledge in the context of the post-Cold War period within the international
system.

Exploring the impacts of technology roadmaps: the case of the US Department of
Energy's roadmap for solid-state lighting
Alexander Smith
The phenomenon of interest in this proposal is the variation in success levels resulting from
the application of industry-wide (or sector-wide) Technology Roadmaps (“industry TRMs”).
Generally TRMs are instruments that articulate a future goal-state for a technology, the
current state of a technology, and the sequence of scientific and technological advancements
between the two states. The articulation of the present and future states of the technology
may include economic and social attributes of the technology, such as price, consumption,
and public perception of the technology. TRMs are created and distributed across an industry
in order to coordinate R&D efforts among members of that industry so that R&D costs are
reduced and R&D advancements are accelerated.
A specific case of a TRM is the US Department of Energy (USDOE)’s Solid State Lighting TRM
(SSL TRM). The SSL TRM concerns two broad categories of technology – light-emitting diodes
(LEDs) and organic light-emitting diodes (OLEDs). While both technologies were integrated
into the SSL TRM during its outset, USDOE-funded R&D has advanced LEDs more rapidly than
OLEDs. More targets for LED research have been met than for OLED research, making the SSL
TRM more successful for LEDs and less successful for OLEDs. At the outset, it is not clear what
caused this differential in success, hence the need for an explanation.
An explanation for the differential success between LEDs and OLEDs from application of the
SSL TRM would offer valuable lessons for future industry-wide R&D coordination by
government actors. It would offer managers of government research programs guidance on
how to better-design and better-use TRMs to further reduce costs of government-funded
R&D and accelerate advancements of government-funded R&D. This guidance could include
suggestions to abandon TRMs if they are not found to be useful instruments. Improved design
and use of TRMs would assist the achievement of policy goals related to R&D, which often
include goals for economic development, health, medicine, energy, the environment, and
national security.
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Data from USDOE reports and reports by the National Research Council could offer an
explanation of why the SSL TRM appears to have been more successful for LEDs than for
OLEDs. The USDOE has issued two streams of documents related to the SSL TRM, which are
both updated annually: the Multi-year program plan for solid-state lighting (MYPP), and the
Annual Technology Roadmap for solid-state lighting (the SSL TRM). In each year of its
issuance, the SSL TRM revises targets for LED and OLED research each year, while also
evaluating prior R&D progress in comparison to the targets of the prior year’s issuance. The
MYPP reports annual R&D progress and outlines the budget and expected performance of
R&D projects for the year following its issuance. In addition, the National Research Council
has offered reports evaluating the activities of the USDOE’s LED and OLED R&D activities. The
National Research Council compare R&D progress in LED and OLED technologies to the
expected progress articulated in the MYPP and SSL TRM and to R&D progress by other nations
and US R&D progress more broadly. Since these sources both articulate the features of the
SSL TRM and the R&D outcomes of projects affected by the SSL TRM, these sources have the
potential to answer the question of why the SSL TRM appears to have been more successfully
applied to LEDs than to OLEDs. Answering this question will contribute toward answering the
broader question of what drives successful application of TRMs.
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Factors affecting Green Entrepreneurship activities in South Africa.
Chipo Mukonza
INTRODUCTION
Entrepreneurship has been touted as a catalyst for economic development. In that regard
governments at the national, provincial (state) and local government levels have put in place
supporting measures that include loan guarantees, tax incentives, research, credit schemes
designed to boost innovation, or systems to encourage self-employment all in an effort to
promote entrepreneurship (OECD 2011:4). The advent of green economy/growth has
widened the range of possible entrepreneurship activities. While global inequality and rising
unemployment pose major challenges to policy makers, green entrepreneurship is seen as
the driving force for the establishment of a holistic and sustainable economic, environmental,
social system. Green economy has been defined as one that results in improved human wellbeing and social equity, while significantly reducing environmental risks and ecological
scarcities (UNEP, 2011:14)Green entrepreneurship could be defined in terms of the
technology used for green production in any sector of the economy. Green entrepreneurship’
is an increasingly relevant phenomenon from a development perspective which, however, is
still largely under-researched.Farinelli et al.(2013:5) state that a green economy cannot be
mandated from at macro level but needs to be driven by entrepreneurs who respond to
policy incentives through innovations in management and technology. The majority of policy
mechanisms that have tried to enable green growth are aimed at identifying the
technological innovations capable of mitigating the human impact on the environment
including issues such as climate change, land degradation and loss of biodiversity. However,
there is a paucity of studies exploring the characteristics of green entrepreneurs, the policy
and institutional regime that determine green entrepreneurship comparing the experiences
of industrialized and developing countries.Seeking to address this gap within a South Africa
context the research sets two objectives.
Research objectives
•
To determine the size (number) and range of green entrepreneurs in South Africa.
•
To identify some of the challenges being faced by green entrepreneurs in South Africa
Methodology/Approach
The study is qualitative and will gather secondary qualitative and quantitative data relating
to the entrepreneurial environment in South Africa. The secondary data will examine seven
issues that are considered critical for entrepreneurship to thrive. These are:
•cultural and social norms related to entrepreneurship,
•legal framework,
•current state of entrepreneurship,
•current sectors with more entrepreneurs,
•access to finance,
•available education and training for entrepreneurs,
•supporting organisations and intermediaries.
The second stage involves the analysis of selected case studies on green entrepreneurship
that will help to acquire a deeper understanding of the entrepreneurship environment from
the aspect of green entrepreneurs and understand motives, challenges and obstacles they
face in developing their businesses. The study draws on some of the vantage points presented
by the multi-level perspective, sustainability transition and the strategic niche management
theories. The paper will employ thematic analysis.
Findings
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Results of the study reveal that there interesting and innovative ideasamomg green
entrprenurs but the challenge is how to bring innovations to societies. Green entrepreneurs
try new business opportunities and undertake ventures, which usually involve a very high
risk,but normally the outcome is unpredictable. Financing of green entrepreneurship
activities is a major obstacle to the development of green entrepreneurship activities.
Research limitations
The major limitation of the study lies in separating unambiguously relevant activities within
“green” sectors from activities occurring in the rest of the economy.
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Innovation of lighting technologies: the effects of incandescent light bulbs ban
Yeong Jae Kim
This paper seeks to answer the innovation and diffusion of CFL and LED lighting technologies.
Since EU first started to phase out incandescent light bulbs, innovation is more likely to occur
in EU-based firms than in U.S.-based firms. Using patent data, I plan to answer the following
questions. First, what role does incandescent light bulbs ban play in inducing CFLs and LEDs
patenting? Second, does the U.S. incandescent light ban spur innovations by U.S. inventors
or non-U.S.-based inventors?
Technological advances were made because of the ban of incandescent light bulbs, because
firms were forced not to produce incandescent light bulbs. Instead, firms produced LightEmitting Diode (LED) bulbs and Compact Fluorescent Light Bulbs (CFLs). EU started to phase
out incandescent light bulbs since 2009. On the other hand, the United States banned most
of the current incandescent light bulbs since 2012. Advocates of the Porter Hypothesis argued
that well-designed environmental regulation may increase firms’ competitiveness. It implies
that EU-based firms could enjoy a first-mover advantage when the U.S. has started to ban
incandescent light bulbs.
In order to answer these questions, I plan to collect the data to analyze firm innovation
behaviors related to related to CFLs and LEDS gathered from the Derwent Innovations Index
(Thomson Reuters). I will identify a set of utility patents filed by lighting technology firms
using keywords search: CFLs and LEDs. Second, I plan to identify the impact of the policy
implementation using a difference-in-differences estimation method between 2010 and
2014. In this context, incandescent light bulbs are the treatment group while CFLs and LEDs
are the control group. Third, I will analyze the patenting behavior of firms by comparing the
location of the first inventor that I can identify where R&D occurred. Fourth, I will compare
between U.S. inventors and non-U.S. inventors patenting.
A gradual incandescent light bulbs ban across countries seems to be an imperative policy
stream. Followed by Brazil and Venezuela’s controversial light bulbs phase-out in 2005, many
countries participated in implementing the policy. A light ban could have cascading effects
from the country which implemented the policy early on to the country which implemented
the policy later. Therefore, it is meaningful to examine the different effects of energy-efficient
technology patenting across different firms in these countries.
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Innovation Across Industries: Application of Hydraulic Fracturing Innovations for
Enhanced Geothermal Systems
Jenna Mcgrath, Valerie Thomas and Luke Yates
Technology adoption through punctuated equilibrium and diffusion are widely studied across
a variety of disciplines, such as economics, policy, marketing, and history, and often studied
congruently. While punctuated equilibrium describes the sudden shift from the incumbent
technology to the new technology, diffusion refers to the spread of a technology that leads
to the punctuation. The main focus of punctuated equilibrium and diffusion research is
between two competing technologies, one incumbent and one new, and their penetration
and adoption in a specific market. Less focused upon, however, are punctuations and
diffusions of a single technology across industries.
Here, we adapt the model described in 1999 by Loch and Huberman, which addresses
technology diffusion and punctuation of a new technology that is competing with an
established technology. As innovation naturally cycles through industries, short and sudden
punctuations, often referred to as “radical change,” can occur, signifying a major shift from
an old technology to the new technology. Punctuations are more likely to occur if there are
positive externalities associated with the technology, thereby making the adoption beneficial
to the user. Initial uncertainties associated with adopting the technology also increase the
likelihood of adoption, as do high learning-rates and the speed at which users adopt the
technology.
The Loch and Huberman model focuses on “when and how fast technology adoption occurs,
and how adoption is related to the underlying technology performance.” The model assumes
that decision makers are “profit driven” and only choose the best of the available technology.
How well a technology is preferred depends upon the learning curve and process associated
with the technology. Performance improves over time, and firms choose a technology based
on performance.
The Loch and Huberman model has previously been applied only to competing technologies
in the same industry. For example, Loch and Huberman note that the widespread adoption
in the 1980s of gas turbines over steam turbines for power generation is viewed as a
punctuation, as is the dominance of Microsoft Office’s Excel software over the incumbent
software, Lotus, established in the mid 1990s. We propose that the diffusion and punctuation
patterns described and documented using the Loch and Huberman model are evident when
applied to a single technology’s market penetration across at least two industries. This allows
for insight and a new way to view cross-industry technology transfer.
To conduct this analysis, we use hydraulic fracturing technology as a case study. Hydraulic
fracturing has been used in the oil and gas industry since the mid-1940s and, combined with
horizontal drilling, has been credited with the recent boom in natural gas production from
shale rock. It has also been suggested that hydraulic fracturing technology could be utilized
in Enhanced Geothermal Systems (EGS) drilling. To support the linkage of these technologies,
we characterize the applicability of fracturing technology to EGS and estimate the potential
implications of the technology for EGS development.
The Loch and Huberman model is applied, where a technology with the highest performance
dominates an industry, to the fracturing technology and the potential market penetration
from the oil and gas industry to the EGS industry is analyzed. Here, the performance of the
single technology (hydraulic fracturing) is calculated for both the EGS and the oil and gas
industry. Performance is characterized by parameters that may support or hinder the transfer
of fracturing technology from oil and gas to EGS. Parameters in the model include the usage
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of the technology in both industries, performance of the technology over time, learning
curves, and a measure of uncertainty in each industry. Based on this analysis, we identify and
discuss which policy mechanisms might be available to support this technology transfer.

E-Government in U.S. Cities: Enabling Engagement or Reinforcing Tradition
Adrian Brown
This research examines the adoption of e-government information and communication
technologies (ICTs) for the purpose of promoting engagement and participation in
municipalities in the United States. An important promise of ICTs is its potential to transform
government by providing new forms of access to and participation in the policy process.
Scholars from the early 2000s were optimistic about e-government development and
progression, describing it as a process towards transformation. However, recent research
concludes that the adoption of ICTs has been incremental with governments favoring the
adoption of technologies that provide e-service or information over those that promote civic
engagement and participation. Little is known about the factors that explain the adoption of
transformative ICTs among U.S. cities or within departments in those cities. This study takes
the first steps at systematically investigating the adoption of ICTs that aim at e-participation
using data from a national survey of government managers and content analysis of 500 city
websites.
Accordingly, this study will address three research questions: How do organizational,
environmental, and institutional factors influence the adoption of e-participation ICTs among
U.S. municipalities? Does the adoption of e-participation ICTs vary among five municipal
departments within those cities: mayor’s office, finance, community development, police,
and parks and recreation? Whether and to what extent do municipal websites promote
engagement and participation? Institutional theory, models of e-democracy and stage
models of e-government development, and the Technology Enactment Framework provide
the three theoretical perspectives that guide the development of the hypotheses.
The study employs a cross-sectional, mixed methods design, using a concurrent triangulation
approach, which will be carried out in two phases. Phase I includes the analysis of survey data
on technology use in local government departments. Negative binomial regression will be
used analyze the survey data and secondary data to determine the extent and predictors of
e-government ICT adoption. Phase II involves the evaluation of municipal websites in the U.S.
based on 29 criteria capturing website content, accessibility, and usability. Municipal
websites will be evaluated based on their composite score on criteria guided by the literature,
yielding a ranking of online civic engagement. Multivariate analysis will then be used to
explain the factors associated with higher overall scores on the e-government civic
engagement index.
This research will make important contributions to the e-government literature. It will use
survey and content analysis to tell a more complete story of adoption behavior in public
organizations. Using a random selection of 500 U.S. cities accounts for variation and enables
generalizability of findings. This study is guided by theory, which can aid in developing egovernment theory, and possibly, a theory of innovation in public organizations. Moreover,
using the department as the unit of analysis will reveal the influence of functional roles in ICT
adoption. This research will also have important implications for practice as understanding
the predictors of adoption can help governments elucidate barriers to citizen responsiveness
and enable the enhancement of online experiences and interactions between government
and citizens.
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Understanding Country-Level Innovative Performance
Michael Verba
Technological change is a key driver of economic growth and increase in the standard of
living. This thesis has been argued by a number of scholars working in different academic
traditions and relying on different methodologies. In his historical accounts of economic
catch-up among European countries, Gerschenkron (1962) observed how increasing
technological prowess was a part of the catch-up process. Using a quantitative approach,
Solow (1956; 1957) arrived at a similar conclusion. Decomposing the sources of growth for
the US economy, he found that during the 40-year period ending 1949 only 12.5 perent of
the increase in American output per man-hour could be traced to capital deepening, with the
remaining 87.5 a result of technical change. In the decades following, the centrality of
technical progress to economic growth has only been reinforced.
Because technological innovation stands at the source of economic growth, determinants of
innovative performance have become of keen interest to a broad community of scholars in
growth theory and economics of innovation, as well as to practitioners in technology and
development policy. Yet, in the decades following the recognition of the link between
technical progress and economic growth, a number of questions remain unanswered. These
concern the factors that determine innovative activity, the distribution of innovation in time
and space, and the scope for policy to improve innovative performance. While there exists a
consensus on the importance of technological change and innovation to overall economic
growth, there remain unanswered questions about the determinants of technological change
at the country level.
Innovation patterns differ enormously across countries. While a small number of countries
are cynosures of innovation, most exhibit levels of innovative activity that are considerably
less stellar. Furthermore, innovation patterns change over time, raising questions about
causal factors.
This article aims to explain why some countries innovate, while others do not, as well as the
probable causes of change in innovative activity over time. The dynamics of country-level
innovation are explored by estimating an international production function for new-to-theworld ideas using a relatively novel measure based on Triadic patent counts. This measure is
more robust to own-country bias than patent measures originating in a single patent system
(e.g.: USPTO or EPO), and is therefore more appropriate as a measure of innovation for the
purpose of international cross-country comparison.
The conceptual approach integrates ideas from Endogenous Growth Theory and the
literature on National Systems of Innovation. Analysis is based on a panel dataset of 40
developed and developing countries. The results bear on several aspects of national
innovation-creation processes: existence of nonlinearities in the response of innovation
outcomes to determinants of innovation, complementarity between different types of
research effort, and existence of country-specific dynamics in innovation.
REFERENCES
Gerschenkron, A. 1962. Economic backwardness in historical perspective. “The” Belknap
Press.
Solow, R. M. 1956. “A contribution to the theory of economic growth.” The Quarterly Journal
of Economics 70 (1): 65.
———. 1957. “Technical change and the aggregate production function.” The Review of
Economics and Statistics 39 (3): 312–320.
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Academic or Non-Academic Career Paths: Factors that Influence this Decision
Rebekah St.Clair and Abha Shah
Objectives: What factors influence graduate students’ career interests and decisions? For
those in academic or non-academic positions what influences them to stay in or leave their
original track? To answer this, we use both quantitative and qualitative analysis techniques
from an NIH funded evaluation project of the Atlanta BEST program. From this evaluation
study, we selected a subset of the data of recent alumni from several biomedical related
departments from both Georgia Tech and Emory University.
We look specifically at the differences in the academic, advising, and work experiences of
alumni while they were doctoral students that may explain why some maintained their career
preferences while others changed. In total, we have four different populations of alumni in
this study: 1) those who initially envisioned a career in academia and then began a career in
academia; 2) those who initially envisioned a career in academia but began a career in a nonacademic job; 3) those who initially envisioned a career in a non-academic job and then began
a career in a non-academic job; and 4) those who initially envisioned a non-academic career,
but began a career in academia. This study will allow for us to compare experiences across
these groups of alumni with different career outcomes.
Theoretical Foundation: The literature regarding career development and career interest
extends several decades and can be found in a variety of fields. Perhaps the most influential
framework regarding career choice theory is the social cognitive career theory (SCCT). This
theory emphasizes interest development and performance, while additionally giving
credence to an individual’s personal demographics and surrounding environment, abilities,
and values (Lent, Brown, and Hackett, 1994). According to this theory, career choice behavior
comes as a result of academic or personal performance and success (Brown, Lent, 1996;
Kaminsky, Behrend, 2014; Schaub, Tokar, 2005), skill confidence (Brown, Lent, 1996; Schaub,
2005), social persuasion (Flores, O’Brien, 2002), expectations of support from peers and
authority figures (Flores, O’Brien, 2002; Lent, Lopez, 2008), and perceived barriers to success
(Brown, Lent, 1996; Flores, O’Brien, 2002; Lent, 2000; Lindley, 2005). These factors are have
been found to influence, career interests, goals, and actions.
Based on such career choice literature, we expect to find that the differences in career
outcomes (selection of an academic vs. a non-academic career) of alumni are a result of
different academic, advising, and work experiences as graduate students.
Methodology: This study is an exploration of the influences on career decisions of doctoral
students. As stated above, the data for this study comes from an alumni survey conducted as
part of the evaluation of the Atlanta BEST Program. It provides information on the work
experience of alumni prior to their PhD training, the types of activities they participated in as
graduate students (i.e. research assistantship or teaching assistantship), skill development,
their advising experiences, perceptions of career goal support from academic and nonacademic persons, and job market perceptions.
The analysis is both quantitative and qualitative. First, descriptive and inferential statistics
(primarily by means of regression analysis) will be used to determine the relationships (if any)
between alumni doctoral experiences and career outcomes, as well as to determine the
strength of those relationships. Direct and indirect causal modeling will also be used to better
understand these relationships to determine what intervening variables might exist. Second,
to complement the quantitative work, there will be a qualitative analysis of open-ended
comments regarding career choices of the alumni. This will allow for a more thorough
understanding of the career decisions and doctoral experiences of alumni, as the open-ended
comments provided opportunity for alumni to expand on previous close-ended answers, as
97

well as the ability to discuss additional issues that may not have been addressed in the survey.
These responses will be categorized and coded into themes for analysis.
Results: Analysis is still in progress.
Conclusions: Analysis is still in progress.
Contribution to the Studies of the STEM Workforce: Our study contributes to the study of
science and innovation policy and processes through the exploration of factors that
contribute to the career decisions of emerging leaders in science. These “if” and “how”
questions regarding the role of such factors point to an opportunity to learn about how we
can structure graduate training in the sciences to better prepare students for a variety of
careers. In studies of STEM workforce, this is relevant for the attraction and retention of both
academic and non-academic scientists in the field.

Standards in Support of Technological Innovation: Case of Photovoltaic Technology
Jae-Yun Ho
With increasing demand for emerging technologies to help accelerate sustainable economic
growth and overcome global social and environmental challenges, many national
governments and executive agencies are taking strategic approaches to supporting key
emerging technologies and relevant innovation. At the same time, there is also a growing
attention to the role and importance of standardisation in supporting technological
innovation, and the potential for technical standards to offer a source of competitive
advantage in new industries. Although there have been prevailing perceptions that standards
obstruct innovation by imposing certain constraints, there appears progressive
understanding that standards, more generally, play critical roles in supporting various
activities of technological innovation.
Despite such increasing awareness on importance of standards, most government policies
for emerging technologies and associated foresight analyses address standardisation issues
only in a limited way. This is due to the lack of understanding and careful analyses on
dynamics between standards and innovation, resulting not only from the highly non-linear
and uncertain nature of the innovation process itself, but also from the complexity and
variations involved in standardisation; standardisation processes involve high levels of
technical detail and consensus, various types of standards in terms of both roles and
Standards Developing Organisations (SDOs), different motivations and requirements of
diverse stakeholders to be considered, and the integration of information relevant for
standards development which is distributed among a variety of innovation system actors.
Such complexity leaves significant challenges for SDOs and policymakers in developing
strategies for standardisation to support innovation, as poorly timed or organised
standardisation activities may result in either competing standards visions or premature
consensus to emerge, leading to ineffective or even counterproductive standards that inhibit
innovation.
Given these difficulties and opportunities, the current research carefully explores such
complex dynamics between standards and innovation across the technology lifecycle,
examining how standards have impacted the innovation and development of emerging
technologies. An in-depth case study is carried out, using historical data on standardisation
and development of photovoltaic (PV) technology; PV technology has been selected because
of not only its long history of innovation and development, but also high level of systems
complexity, various application areas, and a variety of stakeholders involved, all of which add
intricacy and variety to its standardisation activities, providing rich information to explore
such complex dynamics. Quantitative analysis of over a hundred standards published
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regarding PV technology has been conducted, in order to investigate if there are any patterns
and trends to be observed on evolving functions of standards as well as varying levels of
technical details involved in standardisation during the innovation journey. Then, qualitative
analysis has been carried out using documentary archives and interviews with experts
involved in PV standardisation, to identify any causal relationships and interactions between
standardisation and development of PV technology. It is found that a variety of standards
actually played different roles and functions to support various innovation activities of PV
technology across its development journey.
Based on these empirical analyses, a new conceptual framework is proposed for
standardisation in technological innovation, summarising the findings of the current
research. It is expected that this research broadens the evidence base to inform SDOs and
relevant policymakers for more anticipatory standardisation activities, ensuring an effective
management of standardisation to support technological innovation and emerging
technologies.

The Key Factors of Establishing Academia-Industry Collaboration in an Emerging
High-Tech Sector
Shih-Hsin Chen and Duenkai Chen
This study presents an empirical analysis of the factors that contribute to the determination
of whether firms collaborate with public research organizations (PROs) for a sample of
emerging biotechnology enterprises. Here we define PROs as universities and governmentfunded research centers. In this study, the research question we would like to answer is what
kind of firms in the emerging high-tech sectors tend to collaborate with PROs? To answer this
question, we drew an analysis of Taiwanese biotechnology industry and investigated
company profiles and patent information of all 136 companies who went IPO before 2014.
Based on the available data, we tried to identify critical determinants that contribute to
Academia-industry (A-I) collaborations. Different from previous studies regarding A-I
collaborations, we applied classification method from the field of machine learning along
with interviews for our analysis.
A-I collaboration have drawn wide attentions from the academia, abundant literature
(Fontana et al. 2006, Rasiah and Chandran 2009, Saito 2010) have been trying to understand
and explain this phenomenon. To understand A-I collaboration is crucial. Firms now compete
in an environment where sciences and technologies are evolving rapidly. Firms have to take
advantage of research results from PROs to speed up R&amp;D processes, stay ahead of their
competitors and to explore new or potential development directions. In advanced
economies, the high-tech industries has developed strong internal R&amp;D capabilities, but
has also relied heavily on basic science carried out in the public sector (Bartholomew, 1997;
Carlsson 2010; McMillan et al., 2000). Traditionally, catching-up economies are viewed as
users of technology developed abroad. According to Malerba et al. (Malerba and Nelson,
2010), internal capabilities for accessing complementary assets, absorptive capabilities
(Cohen and Levinthal, 1990), and innovation capabilities are required by firms in order to use
technologies developed abroad. Therefore, S&amp;T policies have focused on A-I
collaboration, since 1980's, many countries have implemented policies to promote and
sustain A–I partnerships.
A-I collaboration data used in this study were obtained primarily from publicly available
financial reports of 136 biotechnology companies, which listed on Taiwan Stock Exchange, in
Taiwan. Collaboration data from those financial reports were then cross-examined and
validated with data from those companies’ websites. In our dataset, we also included patent
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data from Taiwan Patent Search System of the abovementioned 136 companies. Company
names were used as search terms to search for patent data. After data preprocessing, we
have total 136 records with 26 attributes (independent variables). Attributes are categorized
as basic company information (include names, established year, location etc.), patent data
(include file date, IPC code, number of invention patents etc.). Whether the firm build
collaboration with PROs is used as dependent variable (class label).
We facilitated classification analysis here first to categorize our data sample into collaborator
with PROs or non-collaborators, and then we examine determinants contributes the
collaboration. Classification analysis, which can be explanatory and predictive, uses a divideand-conquer manner to evaluate the past performance independent variables with respect
to a dependent variable. Examples of classification applications included building a
classification model based on large history application data for loan approve. Another
example would be categorizing, comparing, and summarizing articles in automated fraud
detection within the last decade to help businesses achieve cost saving (Phua et al., 2010).
The classification algorithm used here took advantage of attribute selection classifier
algorithm to constructs decision tree model to identify whether firms collaborate with PROs.
This model is then evaluated by two measures. First, classification accuracy (correctly classify
firms into collaborator and non-collaborator). And second, proportional error reduction (PRE,
to see how the model performs in comparison with pure guessing) (Chen, 2013).
Our preliminary results indicated those firms’ technological specialties, R&amp;D/innovation
activity status/intensity and age matter for university-industry collaboration in the overall
sample. Those findings are consistent with previous studies of different regions and of the
variety of sectors (Fontana et al., 2006, Rasiah and Chandran 2009, D'Este et al., 2012).

Public, private and personal priorities, and the impact of energy business models
Dhara L. Kothavala
In evaluating competing energy system options, aside from technologies, it is important to
recognize how the form of business model affects sustainability in at least three ways:
intended outcome(s), revenue and pricing mechanism(s), implied resource throughput.
This overview examines implications (and impacts) inherent to an investor-owned business
model, versus a municipal approach; for planning, pricing and future risks.
Comparison of these can inform policy for energy systems development in relation to
multiple recognized priorities and risks.
More broadly, examining factors implied by these two business models, widely used in the
U.S., may also inform emerging energy system design, planning, and policy.

Art and Science of Science and Technology: a Workshop Review
Glory Emmanuel, Austin Silva, Toluwalogo Odumosu, Travis Bauer, George
Crabtree, Curtis Johnson, S. Thomas Picraux, R. Keith Sawyer, Richard Schneider,
Christian Schunn, Rickson Sun, Gregory Feist, Venkatesh Narayanamurti and Jeffrey
Tsao
The Science of Science and Innovation Policy (SciSIP) is motivated by a desire to improve the
science and innovation enterprise from the “top down,” by improving the decision making of
policy makers and program managers. Much of this work, however, can be “co-opted” and
extended to improve the science and innovation enterprise from the “bottom up,” by
improving processes used in-the-trenches by working scientists and innovators. Moreover,
trying to improve the science and innovation enterprise from the bottom up has many
advantages over trying to improve it from the top down: bottom-up mistakes can be more
easily tolerated than top-down mistakes, so more and riskier experiments can be tried and
100

tested quickly, and learning can be faster. Indeed, the life sciences have already embraced
the possibility of this kind of bottom-up self-improvement, addressing one of the key issues
associated with modern science and innovation – the “Science of Team Science” (SciTS).
The physical sciences, surprisingly, have not embraced this kind of bottom-up selfimprovement. One possible reason: the phenomenal record of success of the physical
sciences in understanding and manipulating our universe. The physical sciences have remade
the world many times over in the past centuries – why wouldn’t they want to just be left
alone so they can continue to do so? In fact, there is much room for improvement. Recently,
Sandia National Laboratories sponsored an Art & Science of Science & Technology Forum &
Roundtable which brought together distinguished practitioners of the art of research in the
physical sciences, and experts in the social science of research. The conclusion of that Forum
& Roundtable was that it is time for physical scientists to take seriously the idea that their
research practice can be improved through the systematic research of research.
In this paper, we review the findings of that Forum & Roundtable. We organize our review
around the two key but opposing types of thinking, divergent and convergent, necessary to
advance science and technology; and around the three “micro,” “meso,” and “macro” levels
of the research enterprise -- the individual researcher, the research team, and the research
institution. By organizing our review in this way, we implicitly follow Linus Pauling’s dictum,
“the way to get good ideas is to get lots of ideas and throw the bad ones away,” and indeed
go beyond it by positing that these processes must be nurtured, if not executed, at each level
of the research enterprise.
At the individual researcher level, we discuss potential science-based strategies for
overcoming human cognitive constraints and biases: for overcoming the idea fixation which
is detrimental to divergent thinking; for overcoming the sloppy thinking that is detrimental
to convergent thinking; and for balancing divergent and convergent thinking. At the research
team level, we discuss potential science-based strategies for overcoming social constraints
and biases: for overcoming the “strong links” in social networks that are detrimental to
divergent thinking; for overcoming the “groupthink” that is detrimental to convergent
thinking; and for optimally distributing divergent and convergent thinking across individuals
and teams. At the research institution level, we discuss potential science-based strategies for
understanding, assessing and improving research ecosystems: for overcoming the GPA and
performance fixation that is detrimental to divergent thinking; and for overcoming the
existential (losing one’s funding or job) and social (losing the friendship or respect of one’s
colleagues) stress that is detrimental to convergent thinking.
Reference:
http://belfercenter.ksg.harvard.edu/publication/23766/art_and_science_of_science_and_t
echnology.html

Building Bioeconomy in South Africa : A Case Study of Institutional Intermediaries
Shih-Hsin Chen
Emerging technologies are knowledge-intensive and attractive starting points for emerging
economies wanting to build high-value industries. In the past three decades, many such
countries have invested heavily in developing their biotechnology industry through the
creation of new start-up firms.
Technology late developers are widely perceived to rely on foreign technologies to develop
their economies (Nelson 1993, Wong 2005, Breznitz 2007, Dodgson, Mathews et al. 2008,
Dodgson 2009, Wong 2011).
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The biotechnology industry is an intensively knowledge-based sector and an attractive
starting point for relatively small economies wanting to build high-value industries. In
particular, small economies, which lack natural resources and have a comparatively tiny
domestic market, can overcome their resource limitations by establishing knowledgeintensive industries. Many such countries have invested heavily in both creating a strong
bioscience base and supporting small- and medium-sized biotechnology enterprises, using a
range of policy tools. In these countries, particular attention has been paid to the creation of
new start-up firms, and there has been a number of recent policy initiatives designed to
stimulate commercialization within the biotechnology industry.
South Africa is the richest African nation. It has the highest per capita GDP on the continent,
a plethora of minerals like diamond and platinum, and world class universities. But South
Africa also has a lot of poverty and inequality. Twenty-two percent of its population lives
below the poverty line and in general, South Africa has a two-tiered economy (Cozzens et al
2014), the rich and poor (World Bank, 2011). Since its first democratic elections in 1994,
South Africa has striven to develop a robust innovation system. It has succeeded in improving
its production and research capabilities, yet it has a long way to go before the country
overcomes the problems of its past.
Since Enriquez-Cabot proposed the concept of Bioeconomy in 1998, this concept has been
gradually emerged in the policy documents world-widely, especially after in 2010s.
“Bioeconomy refers to all economic activity derived from scientific and research activity
focused on biotechnology industrial process” (1998; p925-926). OECD proposed a policy
whitepaper namely "The Bioeconomy to 2030: designing a policy agenda" in early 2000s with
the expectation of developing biotechnology to result in an emerging “bioeconomy” where
biotechnology contributes to a significant share of economic output.
The Obama Administration has seen building the US bioeconomy, a growing sector of this
technology-funded economy, as a means of retaining the dominance of US research capacity
through enhancing technology transfer and public-private partnership (PPP) (White House
2012, p1 and p5) in April 2012. A new South African Bio-economy strategy was launched in
early 2014, with a focus on the economy and how biotechnology could be used to create a
positive socioeconomic impact.
Whilst biotechnology industry is a knowledge and capital intensive sector, whether the
industrial and social development needed to be ready for incubating a high-tech sector (such
as biotechnology industry in the process of social-economical transformation or the
development of such high tech sector to transform the socio-economic structure.
Empirically, this project start with a study of the interaction between policy and the
development of innovation networks in South Africa and Taiwan in the past three decades by
implementation of scientometrics mapping technique developed by Leydesdorff et al
(Leydesdorff and Persson 2010, Leydesdorff, Rotolo et al. 2012). Particular attention was paid
to selected landmark cases that exemplify the interrelationships between relevant actors,
especially the actors (firms and research institutes) specialized at biomedical research in
South Africa. A small amount of elite interviews (6 interviews) were made with the key actors
of firms, research organisations, non-profit organisations, and intermediaries in South Africa,
including the institutional intermediaries and NGOs involved in the development of biotech
sector. In addition, the role of policy interventions in enhancing innovation networks within
the context of recent socio-technical transitions in South Africa will be discussed.
South Africa is proactively on its way of integrating resources and trying to strengthen the
connectedness of the local actors. Therefore, this study suggests that more productive
strategies would enhance the research capabilities and the diversified specialties of the local
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firms, improve the research capacity of local academia and support them in engaging with
global innovation networks more broadly. Only by building the local research capacity can
the nascent Bioeconomy in South Africa be successfully developed and transformed.

Birds of a feather: Patterns of sex homophily and heterophily in STEM Networks
Federica Fusi, Mary Feeney and Marla Parker
At universities, department climate is fundamental for faculty productivity and satisfaction.
Relationships with colleagues in particular may provide faculty members with the necessary
support to thrive in their professional careers (Bilimoria et al., 2006). Inclusion within the
department community translates into access to an important network of support for dealing
with professional and work-life related issues. Moreover, recognition by colleagues can result
in power and influence within the department and in the field, thus fostering self-esteem and
motivation.
In science, technology, engineering and mathematics (STEM) disciplines, the sex-related
fragmentation of departments has often led to marginalization and isolation of women
faculty members. Women scientists face the challenge of integrating into male-dominated
work environments and gaining access to networks of power, support, and resources. Several
policies at the national and university level have aimed to directly alter this “chilly climate”
within STEM departments, leveraging integration among faculty members and equal
opportunities for women scientists. Current trends indicate that the number of women
scientists at U.S. universities is steadily increasing (NSF, 2013) and research shows that
women are increasingly integrating into faculty networks (Ceci et al., 2014; Feeney & Bernal,
2010).
However, there is little empirical evidence as to whether this increased presence of women
in STEM departments and STEM networks has resulted in a more inclusive climate for faculty
members. While researchers have focused on sex as a significant variable to explain the
climate of marginalization and isolation, few studies have investigated what diverse networks
mean for organizational outcomes and scientists’ success.
Networks are the mechanisms through which scientists are able to access to the symbolic,
information, and material resources that are necessary to gain influence within STEM
departments. And networks provide an invaluable source of support and advice to scientists
– for instance, through friendship ties - that may enhance a scientist’s sense of inclusion
(Coleman, 2010). Because the sex composition of a group (e.g. predominance of same-sex
or cross-sex relationships) strongly influences psychological and social perceptions among coworkers, sex-homophily and heterophily are expected to differently affect men and women
scientists (Callister, 2006; Ibarra, 1992). This research investigates the following questions:
are sex-heterophily ties advantageous for women and men scientists? How do scientists
perceive sex-heterophily ties? How is the composition of networks related to the perceptions
of influence and inclusion for both men and women scientists?
To test our hypotheses, we use data from the “Women in Science and Engineering II:
Breaking Through The Reputational Ceiling: Professional Networks As A Determinant Of
Advancement, Mobility, And Career Outcomes For Women And Minorities In Stem”
(NETWISE II) survey, an NSF-funded study on professional networks for women and
minorities in STEM, conducted in 2011 (CO-PIs: Julia Melkers, Eric Welch, Monica Gaughan).
The data consist of ego-centric networks of 9,925 U.S. scientists at higher education
institutions in four fields: biology, biochemistry, engineering, and mathematics. The results
of this research will inform the literatures on sex diversity in STEM networks and university
and federal policies aimed at integrating women in STEM fields.
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Overcoming barriers to emerging technologies: classification framework and
implications for policy action
Gennady Belyakov
Balancing benefits of emerging technologies against civic concerns is a challenging task. Doing
it without compromising international competitiveness complicates things further. Previous
experience of regulatory action for emerging technologies can help policy makers better
address such issues and better anticipate future problems.
By examining four notable cases of overcoming barriers to emerging technologies in the U.S.,
we are establishing a framework for classification of approaches that address civic concerns
preventing uptake and acceptability of the use of emerging technologies.
The case of National Childhood Vaccine Injury Act demonstrates how regulatory action can
protect supply side firms that introduce early-stage technologies. The case of Genetic
Information Nondiscrimination Act provides an example of the regulation protecting demand
side by upholding public interests through establishing the anti-discriminatory environment.
Development of technology in the case of induced pluripotent stem cells makes it more
acceptable for general public compared to stem cells extracted out of embryos.
The case of in vitro fertilization is an example of a cultural change, which lead to acceptance
of emerging technology. In 2009, Nobel Prize to Robert G. Edwards reflects final acceptance
of IVF as a medical procedure after rather mercurial history of societal attitudes.
We are proposing a framework for classification of existing practices in addressing civic
concerns preventing uptake and acceptability of the use of emerging technologies. Its central
premise is that emerging technologies often encounter barriers in the form of public
acceptance. We identify three main pathways for navigating the barriers: through
establishing regulatory setting addressing concerns, through technological advancement that
eliminates previous concerns, and through changing the cultural perception of emerging
technology.
The framework aims to provide a more coherent and concise explanation of already-existing
practice to provide instruments for policy-makers to address current issues in emerging
technologies. For example, approach to liability limitation in case of vaccine injury might be
adapted for automated vehicles (Anderson, James M., Nidhi Kalra, Karlyn D. Stanley, Paul
Sorensen, Constantine Samaras and Oluwatobi A. Oluwatola. Autonomous Vehicle
Technology: A Guide for Policymakers. Santa Monica, CA: RAND Corporation, 2014.) The GINA
serves as another instance of regulatory approach that can be adjusted for neural
technologies, which probably would face the same discrimination concerns genetic
technologies have faced (Kostiuk, Stephanie A. "After GINA, NINA? Neuroscience-Based
Discrimination in the Workplace." Vanderbilt Law Review 65, no. 3 (April 2012): 933-977.)
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Of Mice and Reagents: Standardization, Variation, and Quality of Care
Elizabeth Pitts, Megan Serr, Caroline Leitschuh and John Godwin
This paper draws on the history of genetically engineered laboratory mice to explore the
interplay between scientific research, regulation, and standardization. We link the degree of
agency attributed to these animals by research scientists and judges to the quality of care
that human patients receive. We then outline an ethical and biological rationale for balancing
the current reliance on standardized laboratory animals with increased emphasis on
variation.
To begin, we discuss a growing tendency among biomedical researchers to refer to
genetically modified laboratory mice as reagents, chemical compounds that are highly valued
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for their reliability and malleability. For example, The Jackson Laboratory, which breeds and
manages more than 5,000 strains of mice for research on human health, compares these
strains to reagents in marketing presentations to emphasize that their highly standardized
mice will produce consistent results. A similar propensity is evident in some recent biology
publications, which describe living research animals as if they were devoid of agency—in
other words, devoid of the capacity to exert power, to affect their surroundings, or to act in
ways that do not conform with expected parameters.
We trace the regulatory origins of mouse-reagent comparisons to the landmark U.S. Supreme
Court case Diamond v. Chakrabarty, 447 U.S. 303 (1980), which allowed the patenting of
genetically engineered single-celled organisms. In this case, the court affirmed an earlier
ruling that modified bacteria should be seen as “much more akin to inanimate chemical
compositions such as reactants, reagents and catalysts than. . .to horses and honeybees or
raspberries and roses” (Kevles, 1994, p. 120). The judge who issued this initial ruling
suggested that it would be “far-fetched” to expect that patenting bacteria could lead to the
patenting of other species. Yet eleven years after his ruling was issued, it lent precedent to
two subsequent U.S. Supreme Court rulings that extended patentability beyond bacteria to
“non-naturally occurring, nonhuman multicellular organisms” such as genetically engineered
mice. The same judge also argued that “the fact that microorganisms, as distinguished from
chemical compounds, are alive is a distinction without legal significance.”
We draw on empirical evidence from biological research, as well as scholarship in
communication ethics, to demonstrate that this distinction is significant. Legally and morally,
the labels attached to genetically engineered organisms can affect their treatment within and
beyond the laboratory. Denying the agency of these living mammals undermines the ethic of
care that underlies animal welfare policies and reduces biology, the study of life, to the study
of non-living things.
From a scientific perspective, the practice of conceptualizing mice as reagents may stem from
a broader trend to develop highly standardized animals for biomedical research. On one
hand, reducing genetic variation can increase the reliability of experimental results and help
fulfill regulatory mandates to minimize the number of animals used in laboratories. At the
same time, in some cases standardization can limit researchers’ ability to model the range of
human response to disease. This is especially relevant when investigating treatments for
women, who may be less likely to benefit from data generated by standard male mouse
models. To address these ethical and practical limitations, we propose that scientists,
regulators, and funders attribute greater agency to genetically modified mice. Specifically,
we recommend examining genetic variation in both males and females, studying mouse
interactions in more natural conditions, incorporating a more diverse range of animals into
laboratory research, and publishing results that indicate where mouse biology diverged from
human expectations.
Works Cited
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Do Policymakers think about Disruptive Innovations? The Case of Congress and
Autonomous Vehicles
Beth-Anne Schuelke-Leech and Betsy Barry
Disruptive innovations are distinguished from incremental innovations in that they
substantially change the foundations upon which the existing technologies are based. That
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is, disruptive technologies are fundamentally different from existing (mainstream)
technologies causing an upheaval in the existing market structure and dominant firms
(Christensen, 1997). Disruptive technologies can also cause significant disruptions in the
regulatory and legal environment in which they operate. This paper addresses the question
about how Congress looks at emerging technologies, particular disruptive emerging
technologies.
Congress fulfills important functions in the innovation process by setting the overall political
and policy framework for innovation, allocating resources for both basic and applied
research, supporting new business development, and ensuring that public values are
protected as new technologies emerge. Congress must make important decisions about the
social implications of research and development and how best science and technology can
be used to address or resolve policy issues (Morgan and Peha, 2003). Though Congressional
members are not expected to have the required technical expertise themselves, they are
nonetheless expected to leverage technical experts in their oversight role. Congressional
oversight and the formulation of good policies can help to mitigate the disruptive impact of
this technology. Conversely, the failure to comprehend and address the implications of the
technology will result in reactive policies with policymakers and public officials trying to
grapple with an existing (rather than emerging) technology. There will be little (if any)
opportunity to guide the technological development in consideration of public values.
Autonomous vehicles (self-driving) are an example of an emerging disruptive technology.
Autonomous vehicles are really mobile sensing units, relying on electronic sensors and
internet connectivity to interface with the driver, other vehicles, and the transportation
infrastructure. These vehicles are expected to improve vehicle fuel efficiency, performance,
and safety. Drivers are expected to be much more passive, with relatively little direct
engagement in the operation of the vehicle. However, the current legal and regulatory
structures are grounded on the assumption of driver engagement and responsibility. The
decoupling of driver engagement and vehicle operation has many implications. For instance,
does responsibility and liability rest with the driver or the manufacturer if there is an
accident? What if the sensors or software fails? What if the driver overrides the technology?
This paper will use text data analytics on a 5.5 billion word document collection (corpus) from
the U.S. Congress from 1981 to 2014 to investigate how Congress discusses a particular
disruptive innovation – autonomous or self-driving vehicles. Text data analytics have become
popular in recent years, particularly with the emergence of Big Data Analytics. Text data
analytics are actually a number of different techniques, including: discourse analysis, content
analysis, natural language processing, grounded theory, and computational and corpus
linguistics. Text data analytics using corpus and computational linguistics allows for empirical
investigations to include the content and context of text documents. This methodology relies
on an understanding of language structure and usage, while using computer assistance in
processing and analyzing large document collections. This is a mixed method, combining
quantitative and qualitative analysis.
Our preliminary results show that autonomous vehicles have not yet been incorporated in a
meaningful way into the policy discussions of Congress. Instead, discussions about
autonomous vehicles are extremely rare. Thus, Congress appears to be allowing the
technology to develop without thoughtful guidance about the disruptions that the
development and implementation of autonomous vehicles will have on both transportation
regulations and liability.
References
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Credibility and Use of Scientific and Technical Information in Environmental
Committee Reports of the National Research Council
Jan Youtie and Barry Bozeman
ABSTRACT
How important is the use of scientific and technical information (STI) in research policy
making? Some believe that STI should be the pre-eminent resource for research policy
making while others do not consider STI as more a more credible resource for decision making
compared to resources such as expressed political values, perceived self-interest of
individuals and groups, or experiential knowledge. This debate is particularly pronounced in
the environmental science domain where it has been argued that too much precedence is
given to scientific scholarly studies and not enough consideration provided to societal
concerns (Sarewitz 2004, Sarewitz and Pielke 2007). The focus of this study is on the use of
STI is on National Research Council (NRC) reports in the policy area “natural resource and the
environment.” The NRC performs research work for the production of reports on science and
technology issues within the National Academies, usually, although not exclusively, for
Congress. Despite its long history and important contributions to science and public policy in
the United States, surprisingly little research attention is given to the NRC beyond anecdotes
from NRC staff about policy processes and organizations or system reviews of science and
technology organizations (Boffey 1975, Ellefson 2000, Shapira and Guston 2007). By STI, we
mean open scientific and technical literature appearing in peer-reviewed academic journals
or proceedings, which is a somewhat narrower definition of STI than can be found in other
studies (McClure 1988, Walker and Hurt 1990), albeit with the benefit of being readily
operational.
Our method involves analysis of the characteristics of 589 NRC reports published from 20052012 of which the largest share (157 or 27%) is in the environmental area. We exclude
workshop or narrow or very particular studies (such of those for the Transportation Bureau
or in the Health and Safety area). For each of these studies, we collect, information about the
study (e.g., size of the report, report policy area), about the committee chair and members
(e.g., affiliation with academia, business, government), and about these individuals’
publication history (e.g., whether they had any scholarly publications prior to the report’s
publication). Our particular interest is the extent to which the NRC reports include STI in the
cited references or footnotes of the report in the environmental area compared with other
NRC policy areas. In turn, we examine whether these reports are then conveyed to Congress
in briefings, testimony, or references to the report in Congressional documents. We find that
NRC environmental reports have the highest share of references that are STI (mean=43%,
median=42%) of any of the other policy areas (mean=26%, median=20% for all other policy
areas). However, NRC reports with STI are less likely to be referenced in Congressional
documents or briefings and testimony than those without STI in the environmental domain.
These results lend quantitative support to existing studies that suggest that “sciencing-up” is
not sufficient for environmental policy making.
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The shifting mission and associated tensions of NASA in the creation of a Low-Earth
Orbit economy: of public agencies and the creation of markets.
Douglas Robinson and Mariana Mazzucato
On the 21st November 2013, President Barack Obama signed the National Space
Transportation Policy, which called for a greater role of the private sector in Earth to LowEarth Orbit (LEO) transportation systems as well as new combinations of public-private
activities in space transportation infrastructure and services.
Across the board we see an increasingly diverse mix of private actors becoming involved in
LEO, from the orbital and sub-orbital transport systems (SpaceX, Orbital, Virgin Galactic,
XCOR etc.), exploitation of the LEO platforms like the International Space Station (ISS) for
research, technology demonstration and as a launch platform (projects via CASIS and
NanoRacks ), companies like PlaneLabs attracting large investment and also the development
of technologies for the next generation of human-inhabited in-orbit platforms (e.g. the
Bigelow Expandable Activity Module).
With the announcement of the extension of ISS operations until 2024, if one looks at other
national projections, the crew of the ISS will be joined by the Chinese Tiandong-2 Space Lab
to be launched in 2016, the Chinese space station Tiangdong-3 scheduled for 2022, India’s 2
person vehicle to be tested in LEO in the next years, and other planned activities.
With these developments, Low-Earth Orbit is set to become more diverse, with more players
and a variety of public and private partnerships doing research, technology development and
providing services and creating and appropriating value in a diverse mix of ways. With
increasing pressures on governmental funding, NASA has chosen to explore ways in which it
can shift some of the costs to the private sector (particular in LEO) whilst its Exploration
Programme focuses on the Moon, Mars and beyond. NASA innovation policy now looks to
shaping the LEO economy.
Innovation policy generally has been informed by market failure theory, but for the case of
Mission Oriented investments, similar to those of NASA (Mowery, 2010), require a different
framework—one that both explicitly takes market creation/shaping into account and aligns
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with the national innovation policy mix. This is explicit in other U.S. mission-oriented agencies
such as NIH (Sampat 2012) and DARPA (Mowery 2012).
Market failure theory assumes a market is there so that all that is needed is ‘de-risking’ and
incentivising through tax incentives, or investments in narrow areas defined as ‘public goods’.
In reality, the investments that led to Silicon Valley required investments along the entire
innovation chain (Mazzucato 2013, Weiss 2014), not only the classic public good area (basic
research). They required substantial basic, applied and early stage financing of companies. It
is important to note that these substantial investments were/are driven by missions, from
going to the moon to solving (today) problems like climate change or the war on cancer. This
requires creating a market rather than just fixing an existing one. Do frameworks for
innovation policy embody different notions of public good/value/purpose? How does this
work for NASA as a mission-oriented agency which has over the past 50 years been set up for
technology demonstration and science, and now is attempting to include, in a variety of ways
and to different extents, market creation?
This paper builds on on a study conducted by the authors between December 2014 – March
2015 for NASA, who’s evolving and shifting mission to include/exclude commercialisation in
its mission since the early days of the Reagan administration, has been brought to the fore
once more with the announcement of Barack Obama and the interest by Congress and NASA
to create a LEO public-private ecosystem.
The study explores current and potential strategies and approaches to handling market
creation in LEO, and to what extent. In particular, this case study looks at the exploration of
the utilisation of the International Space Station as a stepping stone to a LEO public-private
ecosystem. The case describes (a) what is the mix of activities and actors in the current LEO
ecosystem, (b) what sort of economic wealth is being created, (c) who is shaping the direction
of the evolving LEO ecosystem and (d) what infrastructures are important for success (with a
view to roles public and private actors could play).
The paper also looks to the broader question of mission-oriented public agencies and
innovation policy. This particular case of NASA shows a mixture of approaches in handling
shifts in mission, which speaks to a broader question of the role of public agencies in creating,
stimulating and directing markets.
Contribution:
We bring to the conference a case which is fresh, and concerning a key U.S mission oriented
agency. It describes the shifts and the emergence of a LEO public-private ecosystem as an
attempt at market creation, and draws out lessons for the space research and innovation
system and more broadly on industry and innovation policy.
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Nobel Prize awarded research and commercialization – The role of the Laureates
Katarina Nordqvist and Pauline Mattsson
Even though there has been a general shift in science towards more collaborative research
(Wuchty et al., 2007) earlier studies have highlighted the importance of the individual
researcher in the translation of science. The idea is that knowledge transfers are mainly
person-embodied, involving personal contacts, movements, and participation in national and
international networks (Gibbons and Johnston, 1974).
Building on this notion, the concept of “star scientist” was first introduced by Zucker and
Darby (1996). Their conclusion was that extraordinarily productive scientists in biotechnology
act as both researchers and entrepreneurs and that they not only advance science but also
play a key role in successful commercialization.
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In this study we further elaborate on the concept of the top layer of researchers that have
been identified as “star scientist” and their involvement in the knowledge diffusion process.
Using the Nobel Prize as a proxy for excellent research this study focus on the dissemination
of knowledge and to what extent the Nobel Laureates (NLs) have been involved in the
translation and commercialization of their breakthrough scientific discoveries.
We focus on the NLs in Physiology or Medicine over the 35 last years (1978-2013). We
explore to what degree these “star scientist” have been involved in commercial activities and
engagements with industry. We collect information about all the 83 Laureates’ involvement
in industry collaborations, patent activity, start-ups and scientific boards during their entire
career. To be able to judge the actual link between the radical discoveries and
commercialization we determine whether publications, patents and spin-offs are results of
the discoveries that were awarded the Nobel Prize since this is the actual acknowledgment
of excellence. Through in-depth interviews with 32 Nobel Laureates we discuss the motives
behind engaging in different industrial activities.
Our results show that the Laureates are heavily involved in patenting, 71% have applied for
a patent at least once in their career. These results are in accordance with earlier studies
investigating “star” scientists. About 61% have patenting something that is related to their
award winning discovery. The majority of the Laureates have taken all their patents together
with their home research institution (49%) and 42% have collaborated at least once with a
company in their patent application. Out of the total number of NLs, 38% (32 Laureates) have
taken part in starting up a company. Only taken into consideration the spin-offs that are
related to the Nobel Prize discovery the rate is 23%. The majority of spinoffs have been
founded after 1995 and we can conclude that the Prize has not had an effect on the degree
to which the Laureates start spinoffs. We also investigate the engagement with industry
through Scientific Advisory Board and 55% of the Laureates have participated at least once in
a Scientific Board over their career.
We can conclude from our interviews that the majority of the Laureates have not been the
initiator of patenting. It has rather been initiated by external actors such as TTOs, co-workers
(post-docs) and industry. Asking about what has happened to the patents the absolute
majority of our interviewees conclude that nothing has happened and a very few are/have
generated a minor income in the form of licensing. The general attitude is that patenting is
not on top of NLs agenda and that it doesn’t bring much.
Basically two main reasons for starting a company can be filtered out from our interviews.
Scientific results that don’t fit the line of the research in the lab and that need a place for
further technological development. The second reason is through the contact of VCs that see
a potential to start a company based on the NLs science or using their general scientific. The
role of the Laureates when it comes to starting the companies is mainly that they are the
main providers of the scientific ideas on which the company builds.
The most common selection criterion for joining the SAB of a company is that a
friend/colleague/post-doc is involved, implying the Laureate is joining because they have a
trust in the person. The majority of the interviews confirm that the Prize has a positive effect
on the number of SAB invitations.
Even though our quantitative results point towards a rather high involvement of the NLs in
the commercialization process the interviews stress that the Laureates are not the main
driver for commercializing their research and radical discoveries. External actors are rather
the main initiators in the translational process while the “star scientists” are driven by
curiosity to answer specific fundamental research questions. Our results highlight the
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importance of providing a supportive environment for radical discoveries where others than
the “star scientist” can continue to develop the discoveries to benefit society.

How do star scientist make high performance? :
pharmaceutical industry
Yasushi Hara

Destructive innovation in

Star scientist emphasizes the role of scientist whom gathering and binding the tacit
knowledge into creation process in R&D process among the firm. But, current study mainly
focused on the economic impact of the existence of star scientist but it did not describe
concretely how and why star scientist emerges his competitive advantage among the
institution and even the academic competition in mid/long term.
Hence, I aim to verify these arguments by means of quantitative/qualitative analysis of pathbreaking drugs; (1) how star scientist emerges its internal/external scientific network as times
goes by. (2) Do star scientists yields more than the average within the firm. (3) What is the
main factor for star scientist who yields deliverables such as product innovation?
In doing so, I employ network analysis theory. To capture out the network flow of the activity
of star scientists comparing with his workmate whom did not archive successful deliverables
in his research work, I use Web of Knowledge and Thomson Innovation, which has coauthor/co-inventor and backward/forward citation network information of scientific paper
and patents and mainly focused on pharmaceutical industry and its R&D process of block
buster drugs. And, as for capturing out the whole picture of research process precisely,
concentrate on Japan’s blockbuster drug case such as Actemra [tocilizumab] and Statin
[compactin, pravastatin, and rosuvastatin]. Then, name-matching for combining these
datasets, and finally build up network graphs and computing network indicators to capture
out network activities.
Procedures are constituted as follows;
(1) Firstly, identifying the star scientist of blockbuster drug by the information of patents
and/or scientific paper’s bibliographic information. Hence, star scientist in this study is
virtually the corporate scientist who discover and identify the core of blockbuster drug.
(2) Summarizing the activity of scientific paper/patents of star scientists then taking the
snapshot of internal/external network flows for certain time window to realize scientific flow
between the inside and the outside of organization.
(3) If knowledge flow cannot be detected by procedure (2), then focusing on backward
citation data to aim to trace scientific contribution for the invention.
(4) From (2) and (3) process, it identifies what is the essential scientific knowledge for
innovation process. And to check the robustness of the study, I make oral-interview with star
scientists to verify his/her own role in R&D process.
Throughout the study, there are some findings that;
(1) Star scientists has strong external network in R&D process. It might help the scientists to
accumulate the knowledge, which is consistent with evidence of oral interview.
(2) Star scientist has connectivity with foreign distinguished academic researchers, which also
emphasize the role of knowledge accumulation.
(3) But, if the essential knowledge has been established in prior of time, it is hard to trace by
bibliographic data and network graph analysis as argued in compactin’s cholesterol assay
modification process and pravastatin’s microbe production system.
(4) And if the scientific discovery by scientist in the university and invention process by star
scientist in the firm are connected or occurred in the same timing, knowledge flow could be
traced by 1st-tier co-authorship data of star scientist in the firm.
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From these findings, there are some implications that governmental financial and humanrelational supports for basic science should be continued as scientific source of innovation in
the perspective of science and technology policy, and there should be some mechanisms that
is connecting entrepreneurial capability by firm and academic research activities by
university/institution. In this sense, star scientist should be acted as “gatekeeper” whom
imports external knowledge from academia and to stimulate internal absorb capability of the
firm. In doing so, management team should (1) give authority him/her to have flexible
research activities and/or (2) enforce and control him/her research with explicit and tangible
research strategies. In fact, including Statin’s case, some path-breaking drugs developed in
Japan are based on researcher’s informal research activities called as “Yami-Kenkyu.”.
And as the contribution for network theory, we should develop the method for detecting
“un-traceable” knowledge flow which is not appeared as co-authorship and/or citation data.
Complementary method is using oral interview with star scientist to realize essential scientific
knowledge but it is ad-hoc option. Alternative method is econometric text data analysis to
pick up essential scientific knowledge by using star scientist’s key scientific papers and/or
patents. This is the limitation of this study and it will be my next study to find flexible method
to determine knowledge flow between science and innovation automatically.

The Effect of Holding a Research Chair on Scientists’ Productivity
Seyed Reza Mirnezami, Catherine Beaudry and Vincent Larivière
Scientists’ academic performance has been extensively discussed and many of its
determinants are currently known as potential motives for publishing papers in peerreviewed journals. Among others, age, gender, private and public funding, institutional
setting, field and context are the most important determinants. In addition to them, the
networking capability of a scientist can explain the number of journal papers. Most of the
studies on the effects of networks rely on co-authorship as a proxy for scientific collaboration.
In this paper, however, we focus on the effect of holding a ‘research chair’ as a possible
determinant of scientific publication. On the one hand, it may help the holder of this chair to
be liberated from the constant quest for research funds or to have time to construct a more
effective network, which may result in propelling future knowledge production. On the other
hand, greater scientific productivity may simply be the effect of the past performance of a
scientist, implying an intrinsic ability of scientists in conducting research and/or in mobilising
effectively its extensive networking capacity. Considering holding a chair as some kind of
measure of prestige, we aim to elucidate the effect of being a ‘chair-holder’ on scientific
productivity by testing the following hypothesis: Holding a chair increases a scientist’s
performance measured in terms of number of publications.
In order to validate our two hypothesis, we built a data set based on the integration of data
on funding and journal publications for Quebec scientists. For publications, Thompson
Reuters Wob of Science provides information on scientific articles (date of publication,
journal name, authors and their affiliations). In terms of funding, we use a database of
Quebec university researchers (Système d’information sur la recherche universitaire or SIRU)
gathered and combined by the Ministry of Education, Leisure and Sports. This database lists
the grants and contracts information, including yearly amount, source, and type for the
period of 2000-2010 for all Quebec university scientists.
According to the chair characteristics, the networking and prestige effect of ‘holding a
research chair’ may be mixed with the effect of funding. The novelty of this paper is to use a
matching technique to understand whether holding a research chair contributes to a better
scientific performance. This method compares two different sets of regressions which are
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conducted on different data sets: one with all observations and another with only the
observations of the matched scientists. Two chair and non-chair scientists are deemed
matched with each other when they have the closest propensity score in terms of age,
research field, and amount of funding. The results show that holding a research chair is a
significant scientific productivity determinant in the complete data set but its significance is
limited (only for Canada Research Chair) when only matched scientists are kept in data set.
In the other words, in the case of two similar scientists in terms of gender, research funding,
and research field, holding a chair has significant and positive effect on scientific productivity
only if the chair type is a Canada Research Chair.
A number of factors can contribute to explaining this finding. The first is that the Canada
research chair intends to be a prestigious research sign in Canada. Based on its mandate, the
Canada research chair program aims to attract and retain some of most accomplished and
promising minds in the world and it is awarded to scientists from all disciplines including
engineering and the natural sciences, health sciences, humanities, and social sciences. It is
more prestigious than any other research chairs and the holders are expected to be more
capable in expanding their academic network. Other scientists may also have more
willingness to conduct collaborative research with the Canada research chair holders.
The second explanation is that industrial chairs are appointed by firms to promote research
and its application, probably with major benefits to the firms themselves and as such, serve
an entirely different purpose. In other words, this type of chair is not necessarily and originally
designed for the sake of scientific publication. The chairs appointed by research councils may
have quite similar characteristic.

Environments encouraging Radical discoveries – the Nobel Laureates and their
career path
Pauline Mattsson, Stephanie Wood and Katarina Nordqvist
The contribution of the very best scientists when it comes to economic growth has received
increasing interest from both researchers and policy makers (Zucker et al., 2002; Azoulay et
al., 2012). Given the importance of these stars it is of importance to understand the
environment where they are active during their training, career and not the least where
breakthrough discoveries take place. According to Mahroum (2000) there exist a mutual
relationship between mobility and excellence since highly talented scientists are attracted to
sites that have a high reputation for excellence and the presence of other outstanding
researchers. Meanwhile these sites increase their credibility and capabilities through hosting
such star scientists.
In this study we further elaborate on the concept of “star scientist” by studying Nobel
Laureates (NLs). First we explore the different roles institutions play in stimulating the
research creativity of future NLs. This is done by investigating where the NLs have carried out
their undergraduate studies, research training (PhD and postdoc), early career, late stage
career and then relate these career steps to when the radical discoveries where made.
Secondly, we recognize the importance of proximity to other excellent researchers (Zucker
and Darby 2008, Audretsch and Aldridge 2009, Ham and Weinberg 2011) and further explore
how NLs relate to each other. By doing this we are examining the interplay between the role
of the institution and the individual.
We focus on the career paths of all NLs in Medicine or Physiology between 1962-2013 (125
winners). Key publications (KP) that for the first time present results of the radical discovery
that eventually resulted in the Nobel Prize were identified from the Nobel Committee Prize
citations, the Nobel Lectures and where possible confirmed with the Laureates. Career paths
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were divided into before or during the first breakthrough research. The accumulative citation
rate for each year was collected for all NLs that have acted as supervisors to future NLs. We
also carried out interviews with 32 Laureates and finally selected a number of case study
institutions to further understand the environments where the radical discoveries were
made.
To set the scene we calculated the number of individual NLs who worked at each institution
at any stage in their career. Our results indicate that Harvard is the institution where most
NLs have studied or worked followed by Cambridge and NIH. If we shift our focus from the
absolute number to where most NP awarded discoveries have been made Cambridge comes
out first followed by Rockefeller, NIH and Pasteur. Focusing on where the NLs where based
when they received the Prize, once again changes the ranking of institutions, Harvard coming
out first followed by Rockefeller, Cambridge, Pasteur and MIT.
To further understand the role of institutions when it comes to stimulating research creativity
we investigate where the NLs have received their early research training. We find that
different institutions have played different roles during the NLs career. First we cannot
identify any institution that has played a significant active role at the undergraduate level of
NLs. It is when the NLs carry out their research training (PhD and postdoc) we can identify
that certain institutions play a more important role with the most common being Cambridge,
NIH and Harvard.
To further understand the environment when the radical discoveries are made we can
conclude that the NLs arrived at the institution where the discovery was made a median of 5
years before the first key publication and the next move takes place a median of 16.5 years
later. Thus radical discoveries generally came early on in a long stay at an institution, where
NLs then established themselves, perhaps to capitalize on the breakthrough or as a function
of a normal career path.
Next, we examined at what career stage NLs made their radical discovery. Of the 125 NLs the
majority were early career researcher. On average NLs published their first KP an average of
11.16 years after graduating from their PhD or MD.
All of the institutions with a high number of NLs also had notable numbers of interactions
between Laureates. Notably, 44% of all NLs had one or more Laureate supervisors during
their PhD, MD or postdoctoral training. Of these 56 supervisory relationships, only 13
occurred after the supervisor had received their prize, indicating that it was not the case that
the most promising young researchers sought out NL supervisors.
From the interviews we can conclude that in addition to formal supervisory relationships,
mentor relationships with other Laureates are common. Several Laureates highlight the
importance of being connected to great scientists from early on in the career.
Our presentation will further elaborate on mobility, institutional belonging, and proximity to
other Laureates.
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Partners for Exploration and Partners for Exploitation in the R&D Value Chain: An
Event Study of Joint Patenting in the Pharmaceutical Industry
Koichiro Okamura
__Introduction__
Joint patenting is regarded as a last option to share intellectual property among co-applicants
by legal experts. Both the number and share of jointly-owned patents have, however,
increased in the recent years. Thus a question arises, whether joint patenting brings co-
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applicants any benefits that could outweigh the costs associated with the joint-ownership of
patents.
There exists only a limited number of studies that pay attention to the implication of jointpatenting to the behaviour and performance of firms (Fier et al., 2012; Hagedoorn et al.,
2003; Khoury et al., 2011; Kim et al., 2007). There are no studies that have examined the
impacts of joint-patenting to the firm’ value directly, to the best knowledge of the author. To
fill the void, this study analyses pharmaceutical patents to examine firm-level performance
implication of joint-patenting. It analyses how the attributes of co-applicants (i.e. R&D
partners) determine the direction and level of those impacts from the viewpoint of
organizational ambidexterity (Tushman et al., 1996).
__Research Methodology, Data and Sample__
This study uses a standard event study methodology based on the market adjustment
return model to measure the market response to a series of patenting events (e.g. filing,
registration, expiration, etc.), which patents undergo during their life cycle. Particularly, this
study uses the cumulative abnormal return (CAR) that is summed across the three-day event
window as a proxy of firm performance.
This study uses pharmaceutical patents applied between 1980 and 1995 granted by the
Japanese Patent Office. It uses the IPC class A61K to identify pharmaceutical patents
(Schmoch, 2008). The number of collected patents is 8,448, among which jointly-owned
patents are 794, equivalent to 9.4% of the total, which is comparable to the literature
(Hagedoorn, 2003; Walsh et al., 2009). This study examines the impact of the manufacturing
approval of new drugs to firms’ market performance, too, since manufacturing approval is an
important event in the pharmaceutical R&D,.
As for the financial data, event study methodology requires the stock prices of publicly
traded firms and a composite index to estimate the normal market returns. This study collects
the stock prices listed in the Tokyo Stock Exchange and Nikkei225 Index, a composite index
of the stock prices of the 225 most-actively-traded stocks listed in the Tokyo Stock Exchange’s
First Section. It collects oft-used financial information such as firms’ net sales and R&D
expenditures for analysis as well. In addition, the information about M&A activities in the
pharmaceutical industry is collected through firms' IR information and news database and
incorporated prior to analysis.
__Analysis and Results__
Jointly-owned patents increase the firms’ stock market performance and that those
impacts are larger than normal sole-owned patents. For example, the CAR for the registration
of jointly-owned patents is positive (0.38%) and significant (t (558) = 2.55, p < 0.01). Next, this
study uses the OLS regression with robust standard errors to further examine the direction
and level of the impacts of the attributes of co-applicants to the firm’s performance. CAR (%)
is used as the dependent variable. Three independent variables are used to capture the
attributes of co-applicant of joint-patents. Specifically, Co-applicant's cumulative patents is
used to measure its R&D capacities. It is the 10-year cumulative sum of pharmaceutical
patents, discounted at 15% annually. Co-applicant's Log (Sales) is used to measure its size. It
is the logarithm of net sales (1M yen) in the previous year. Co-applicant's CAR (%) is used as
well, to assess the dispersion effect of co-applicant's performance to the focal firm's
performance. Fifteen control variables and year dummy variables are also included in a full
model to control for the attributes of the focal firms, individual patents, and unobserved
temporal factors.
Table 1 shows the juxtaposed estimation result of the full model (not included in the
abstract submission). Among the results, the co-applicant’s R&D capacities has positive
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impacts to the focal firm’s performance, while its size has negative impacts. Together with
the fact that firms’ R&D capacities and size are highly correlated in the pharmaceutical
industry and that the industry is a science-based industry where basic research plays an
important role in innovation (Marsili, 2001), the results can be interpreted that the R&D
alliances with large firms have both positive impacts where scientific capacities matters (basic
and applied sciences) and negative impacts where commercialization efforts are important
(clinical trials for manufacturing approval) in terms of firms' market performance. The results
highlight the tension between exploratory and exploitative activities in the matrix of the R&D
value chain and partner selection in the pharmaceutical R&D.

Organizational Innovation for Product Imitation and Innovation -- Evidence from
Chinese Manufacturing Firms
Fang Wang and Lanxiang Zhao
In view of the importance of organizational innovation in improving firm competitiveness,
this paper investigates the impact of organizational innovation on the performance of
product imitation and innovation for Chinese manufacturing firms.
The impact of organizational innovation on firm competitiveness has been demonstrated by
several studies (Damanpour, 1991; Kimberly and Evanisko, 1981; Damanpour and Aravind,
2012). These studies mainly identify organizational innovation as the facilitator for the
effective use of technology and an intermediate source of competitive advantage (Camison
and Villar-Lopez, 2014). The effect of organizational innovation on productivity, lead times,
and flexibility has been acknowledged using case studies (Mol and Birkinshaw, 2009).
The term “organizational innovation”, however, is not clearly interpreted and measured. The
difficulty lies in lacking of an appropriate indicator or approach to capture multi-dimensional
factors which organizational innovation incorporate, such as structure, procedure, and intraorganizational innovation (Armbruster et al., 2008). Hence, the organizational innovation per
se is still under-explored, so does its connection with the performance of firms. Furthermore,
few studies identifies the different roles of organizational innovation in promoting imitation
and innovation.
The paper presents empirical evidence from a survey of 3,342 Chinese firms in manufacturing
industries. All sample firms hold Technological Development Centers (TDC), authorized by
either national or local government in 2009. In this survey, we define the process of
organizational innovation from five aspects: organization of work, organization of production,
knowledge management, payment schemes, and hu- man resource management. Latent
class analysis (LCA) is applied to estimate the performance of organizaitonal innovation for
sampling firms. The multinomial treatment effect (MTE) model is used to identify the effect
of organizational innovation on product imitation and product innovation. The combination
of this two methods excludes the endogeneity between organizational innovation and
product innovation, therefore generating better-performed estimators.
The research findings can be summarised as follows. (1) LCA endogenously gen- erates five
types of organizational innovation for Chinese firms, ranging from lowerlevels to advanced
levels. Based on their performance in R&amp;D investment, product in- novation, and profit
performance, these five-class membership can be tagged as R&amp;D investor (type I),
process innovator (type II), balanced development (type III), R&amp;D and organizational
innovator (type IV), and jack of all trades (type V).
(2) MTE results imply a synergetic development between organizational innovation and
product innovation. On the one hand, the higher levels of organizational innovation improves
the imitation intensity, especially type III and type IV firms demonstrate significant higher
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imitation intensity compared to type I firms, implying the important role of knowledge
innovation and R&amp;D investment in facilitating product imitation. On the other hand, only
the superior level of organizational innovation (type V) shows a significantly impact on
improving the product innovation intensity.
(3) These results suggest that different degree of organizational innovation corresponds to
corporate strategies in imitation or inovation. The transition Chinese firms from imitation to
innovation requires a comprehensive improvement in organizational innovation.
This study enriches the micro-level evidence on organizational innovation and firm
performance by analyzing a large sample of Chinese manufacturing firms. It offers a better
understanding on the interaction of organizational innovation, product innovation, and firm
strategies. It then generates two policy implications addressing on indigenous innovation.
References
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R&D Investment and Related Policies as Determinants of Green Patenting: A CrossNational Assessment
Matthew Shapiro
This paper assesses green patenting at the country level and with a focus on two crucial
determinants: research policy support and R&D collaboration. More specifically, do the
relevant policies in a particular country increase green patenting, and how does this compare
with/manifest as within-country and between-country green patenting? This comparison is
an important one, as the connections between research policies and research collaboration
in terms of green R&D output are still not clear, but it is expected that collaboration will be
strongly associated with government research subsidies and carbon emissions-related
policies. The green patenting measures presented in this paper are consistent with a large
body of research which taps patent-based analysis, such as Griliches et al., (1990), Hall et al.,
(2002), and Schmookler (1966). Specifically, green patents are represented by the number of
approved patents in accordance with the UPSTO’s environmentally sound technologies index,
and such patents are counted by country and year from 1975 to 2013. By focusing specifically
on green R&D, this approach effectively identifies communities of scientists and engineers
producing green R&D, not unlike Dechezleprêtre et al.’s (2011) use of EPO patent data to
show the dissemination of green technology across the world. A Poisson fixed-effects model
is first used to estimate the effects of policies on patents, based on longitudinal data from
the USPTO, OECD, and EIA. We then examine the network structure of green patenting
collaboration in order to determine levels of collaboration both within and between
countries. Finally, we triangulate both sets of findings in order to show conclusively how both
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contribute to overall patent output, both patents in general (approximately 57,000) and
instances of collaboration (approximately 78,000).

Back to Basics: Heterogeneity in Scientific Disclosure and Firm Value in the
Semiconductor Industry
Maikel Pellens and Antonio Della Malva
This paper quantifies the economic returns of corporate publishing in scientific literature by
U.S. semiconductor firms. Even though firms risk information leakage and the facilitation of
imitation, there is ample evidence of firms actively contributing to public knowledge through
the open disclosure of scientific knowledge. However, there is little research that considers
how publishing affects firms’ value.
We attempt to fill this gap through a market value approach (Griliches, 1981; Jaffe, 1986).
While earlier work that focused on R&D investments and (citation-weighted) patents as
measure of the knowledge capital (Hall et al., 2005; Belenzon, 2012), we further this line of
research to include articles in scientific journals as novel form of knowledge assets, in line
with the recent study by Simeth and Cincera (2013).We additionally examine heterogeneity
in the nature of the knowledge disclosed in publications by examining how basic and applied
science differently affect valuation. Much of the discussion so far has assumed that science
is basic by definition, while a large part of publications cover research which is closer to
applications (Kline and Rosenberg, 1986). We explicitly distinguish between publications in
journals which are basic in nature, i.e. follow a quest for fundamental understanding, versus
more applied journals which contain knowledge produced with application in mind.
Our empirical analysis is based on listed firms in the United States which report
semiconductors as their main business line (four-digit NAICS 3674) between 1980 and 2007.
As many previous studies have focused on the life sciences, the semiconductor industry
makes for an interesting case with less direct reliance on science for product development
but strong reliance for fundamental process (Breschi & Catalini, 2010; Cohen, Nelson, &
Walsh, 2002). We infer scientific output through publications in Thompson Reuters Web of
Science, and make use of the journal classification proposed by Hamilton (2003) to tell apart
basic and applied research outputs.
We find a negative relation between scientific publications and the valuation of intangible
assets. This contrasts earlier evidence that found a positive relationship using a broader set
of high-tech industries (Simeth & Cincera, 2013). This can stem from the low appropriability
of research and high incidence of patenting for intellectual protection that is particularly true
for semiconductor industry (Agarwal, Ganco, & Ziedonis, 2009; Ziedonis, 2003; Hall and
Ziedonis 2001). However, basic publications have a strong positive relationship with value.
We then investigate two possible drivers of this positive relationship: basic science
contributing to better inventions, and basic science attracting inventors from academe. While
we cannot formally test which explanation holds using our data, the preliminary evidence
provided in this article speaks in favor of basic publications as signal of rigorous research
environment to academic inventors.
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Analyzing the Strategy and Impact of Funding Organizations with Funding
Acknowledgements
Daniel Sirtes and Mathias Riechert
Since 2008 the Web of Science database (WoS) includes funding acknowledgements (FA).
With this new kind of information it is now possible to execute large-scale quantitative
analyses of the scientific output financed by specific funding organizations (FO). However, it
was previously shown that the data quality of the entries is problematic at best. One of the
problems is the vast variety of aliases for a single FO in the database. For example the largest
German FO, the German Research Foundation (DFG) has over 10000 different aliases. The
authors have previously developed a fully automated method to unify all these variants with
minimal manual labor (Sirtes & Riechert, 2014).
On the basis of this method different German and major European FOs have been portrayed
(Sirtes, Riechert, Donner, Aman, & Möller, 2015). The topical orientation, international
collaborations, European co-funding, and the impact of the publications funded by these
organizations have been characterized.
One of the more surprising results of this study was the calculated impact of the two major
funding organizations in Germany. While the share of journal articles funded by the DFG in
the 10% most highly cited publications in the world for the years 2010 and 2011 was 15.5%,
this share was as high as 19.3% for the publications funded by the Federal Ministry for
Education and Research. This large difference was not expected given the high prestige
associated with funding by the DFG with its elaborate peer review process.
Our working hypothesis for explaining this result is the different thematic funding strategy of
these FOs. While the DFG is committed to funding research in all its scholarly diversity, the
Ministry is primarily focused on promoting promising new developments of science (hot
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topics) and research areas with potentially high societal impact. This difference could account
for the discrepancy in impact.
From a bibliometric perspective this hypothesis can be operationalized in the following
manner:
The impact measures employed for the impact analysis used the WoS Subject Categories (SC)
classification scheme. However, it is known that these SCs are far from homogenous, as (van
Eck, Waltman, van Raan, Klautz, & Peul, 2013) have shown, different topics inside an SC may
have widely diverging mean citation rates. Therefore, if the difference in impact of
publications funded by these FOs is due to the thematic distribution of research, the
publications should also be associated with research topics of different mean citation rates.
Thus, a much finer grained publication level clustering method then the WoS SC classification
is employed for the publications in the 19 SCs with most publications for both FOs and the
mean citation rate of these clusters are calculated (without the inclusion of the papers in
question). (based on Waltman & van Eck, 2012). If our hypothesis is true, the null hypothesis
of a similar distribution of mean citation rates of the fine grained clusters should be rejected.
The short introduction into the unification method of FA and its limitations, the different
possibilities of descriptive FO portrayal, and the discussion of the results of the thematic
strategy analysis will exemplify the new and important potential of funding
acknowledgements for the understanding of scientific funding structures.
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Map of Science based on unsupervised learning
Arho Suominen and Hannes Toivanen
A central challenge for the cartography of scientiﬁc knowledge is the creation of valid and
accurate coordinates. This submission discusses the choice of the origin of coordinates in
order to make a map of scientiﬁc knowledge, and, in particular, demonstrates the advantages
of unsupervised-learning assigned coordinates over human-reasoning generated ones.
Human assigned meta-data, such as subject category classiﬁcation of articles or journals, has
been the dominant source for coordinates in science maps (even when cartographers have
relied on co-citation information). (Börner,2010) However, classiﬁcation of scientiﬁc
knowledge with such meta-data is subject to several – well known weaknesses. Pre-existing
categories of science provide an ﬁnite deﬁnition of new knowledge, ﬁtting knowledge that
by deﬁnition is inﬁnite and new to the world into pre-existing categories and
coordinates.(Small, 2004) They are best at monitoring the behaviour of known and deﬁned
bodies of knowledge, but lend themselves poorly – if at all – to identify correctly the
emergence of truly new epistemic bodies of knowledge.
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Literature on structuring science focuses on classiﬁcation and mapping, which should not be
understood synonymously (Klavans and Boyack, 2009). Classiﬁcation of science – the process
of separating science into differentpartitions – is a precondition of the existing mode of
scientiﬁc dialogue. The need to deﬁne research ﬁelds and to assign journals and publications
to these stems from the need to create a information retrieval system that would help
scholars to ﬁnd relevant information. As Glänzel and Schubert (2003) correctly argue, for
scientometrics the correct classiﬁcation of publications to scientiﬁc ﬁelds is also a necessity.
As we talk about scientometrics, speciﬁcally in the sense that it is a system of measurement,
we make the assumption that there exists a standard measure (metric) of bibliographical,
scientiﬁc patent information that is readily available and applicable to a practical problem,
which is similar to the way we use metrics for weights or distances. However, this becomes
more complex when we focus on research management, as the existing information retrieval
based classiﬁcation system lacks in capability of producing a consensus measures for
scientometric studies (Glänzel and Schubert, 2003). Recently, advances in computing have
made available text-mining techniques that offer a new approaches to deﬁne coordinates for
science maps. Text mining opens new avenues for unsupervised or semi-supervised
classiﬁcation methods, as they classify scientiﬁc text based on content foregoing the humangiven labels. Indeed, text mining and machine learning methods are a promising tools in
classifying ﬁelds of science (Glenisson et al.,2005).
Motivated by the possibilities of unsupervised classiﬁcation, we analyze science publications
with Topic modeling, showing an example of unsupervised classiﬁcation. Our raw data
consists of 144 081 science publication Web of Science records, between 1995 and 2011,
where at least one author having an affiliation in Finland. We follow a research design, where
we ﬁrst pre-process existing raw data via a Python script, then use an implementation of
variational EM for LDA by Blei et al. (2003) to classify the records, where the number of topics
were set by qualitative evaluation to 60 topics. Finally we incorporate the LDA results to the
already existing metadata and OECS major classifications for analysis and visualization.
We are able to draw out relevant disciplinary ares for Finland that are in enough detail to
point towards meaningful areas of science, such as classifications like Topic 44 associated to
terms ”exposure”, ”exposed”, ”asthma” and ”lung” or Topic 38 with ”pregnancy”,
”maternal”, ”infants” and ”neonatal”. Merging the classiﬁcation of each document with the
OECD category of each publication, we cross references differences of existing classications
and unsupervised learning based classes. In this, we were able to highlight in more detail the
benefits or unsupervised learning. Unsupervised learning based classification of science is
adaptable to different levels of abstractions and highlights the cross-discplinarity of science
better than existing classifications.
Our results suggest that although the human assigned approach to classifying science is the
dominant source for coordinates in science maps (Börner,
2010), there is clear value in creating automated classiﬁcation of science based on author
generated semantic text. While existing classiﬁcation are
suitable for narrowly focused research outlets and conﬁned research problems, the societal
grand challenge based multidisciplinary research operates outside traditional classiﬁcation
boundaries and poses a challenge for traditional metrics but not to unsupervised learning
methods.
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The Characteristics of Global R&D Cooperation of Influenza Virus Vaccine Based on
Scientometrics Analysis
Yun Liu, Yijie Cheng, Zhe Yan and Xuanting Ye
Influenza virus vaccine (IVV) is a promising research domain closely related to global health
matters, which has been acknowledged not only by scientists and technology developers but
also by policy-makers. Many countries and public health organizations have initiated their
research and development (R&amp;D) projects in various forms, such as a huge investment
in technical platform and infrastructures. However, the enhancement of a nation’s IVV
innovation capability depends not only on domestic R&amp;D investment but also on
international R&amp;D collaboration. It is thought that every country joining the
international collaboration can mutually benefit from this cooperation. So, understanding the
global R&amp;D cooperation network of IVV field seems to be of crucial importance from the
point view of innovation policy. Unfortunately, to our knowledge, the available research fails
to thoroughly capture this perspective. Meanwhile, papers and patents encompass valuable
scientific and technological information and collaborative efforts, providing a reliable
quantification basis for technology or industry development studies. Yet although there are
a lot of literatures to analyze the technology and industrial development by using
scientometrics methods, IVV studies using paper and patent bibliometric methods are not
fully developed.
To be specific, this paper tries to answer the following questions: (1) what is the structure
and the dynamics of the global R&amp;D cooperation network of IVV and its subfields? (2)
What positions do countries occupy in the global R&amp;D cooperation network of IVV and
its subfields, especially China?
According to the literatures and opinions of China’s IVV experts, this paper designed the
technology classification system of IVV based on the technical standards of influenza vaccine.
IVV can be divided into four major categories, including inactivated vaccine, live attenuated
vaccine, recombinant vaccine, and synthetic peptide vaccine, whereas it can be further
divided into eight subcategories: inactivated virus vaccine, split vaccine, subunit vaccine, live
attenuated vaccine, recombinant protein vaccine, recombinant vector vaccine, recombinant
DNA vaccine, and synthetic peptide vaccine. This paper studies the global R&amp;D
cooperation of IVV field from the perspective of paper and patent analysis. As we known,
international collaboration papers are mainly published in international journals. So the
paper data of this study was retrieved from the Web of Science. Similarly, international
patent activities tend to the European Patent Office (EPO) containing information on a
worldwide coverage of patent applications submitted to around 90 patent offices in the
world. The EPO-granted patent has a higher internationalization degree, and it can indicate a
higher quality of the invention. Thus, the patent data for this study was retrieved from the
EPO database. Moreover, the network model can better represent the reality of global
R&amp;D cooperation and provide some useful tools, such as addressing nodes’ position and
power in a network. We identify the global R&amp;D cooperation network of nodes V, as the
countries and of arcs A, as the bilateral relationships that exist whenever a paper/patent
belongs to at least two countries. Each node is weighted by the total amount of
papers/patents researched/developed in join collaboration for each country. By applying
network analysis, we graphically delineated the characteristics and evolution of global
R&amp;D cooperation network of IVV field and analytically explored the countries’ positions
and relationships among them in the network.
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The results show that IVV’s total papers and patents have continuously increased over the
last decade, and the papers and patents resulting from global R&amp;D cooperation also
present a steady growth. The international scientific collaboration is broadly distributed over
many countries, while the mutual connections of members are few in international
technological collaboration network. China has achieved a spectacular growth in both of
papers and patents of IVV field. However, as a developing country, certain gaps have existed
between China and the developed countries. It is even more necessary for China to develop
various forms of international collaboration, making full use of information, technology,
capital and equipment abroad to upgrade its own R&amp;D capability to narrow the gaps.
Specific suggestions as follows: (1) Optimize layout. Carry out more research on SPV subfield.
(2) From quantitative growth to qualitative growth. Strengthen the international cooperation
in key subfields. (3)Consider enterprises as the principal part and improve the
internationalization level of technological innovation. (4) Government should build a bridge
to develop the worldwide cooperation of Industry-University-institution-Government.

The global technology map: tracking patterns of related and unrelated
technological invention by multinational firms.
Floortje Alkemade, Gaston Heimeriks, Antoine Schoen, Patricia Laurens, Lionel
Villard and Jean Philippe Cointet
Technological invention is key to ensuring economic growth and addressing societal
challenges. In this era of globalization, understanding invention increasingly requires
understanding the invention patterns of multinational corporations. Much of the analysis of
corporate technological invention has however focused on the study of aggregate output of
technological invention rather than the underlying patterns of technological development.
As technological change is a cumulative and path-dependent process, these patterns do
provide valuable information to policy makers and managers. The path-dependence of
technological development is captured by the concept of related variety (Saviotti and
Frenken, 2008). Innovation through related diversification (related variety) occurs when new
innovations have a short technological distance to other pieces of the knowledge base,
whereas longer distances between the innovation and the existing knowledge base of a firm
characterize unrelated diversification.
While the importance of measuring technological distance has been recognized in innovation
studies, the concept has been difficult to capture empirically (Bar and Leiponen, 2012). Most
studies focus on the technological distance between firms (e.g., Benner and Waldfogel, 2008;
Nooteboom et al., 2007; Gilsing et al., 2008) rather than on the underlying technological
distance between different pieces of the knowledge base. This latter focus enables us to not
only identify past patterns of technological development but also to identify fruitful building
blocks and directions for future technological development. This is the main idea of our
recent development of the global map of technology (Schoen et al., 2012). In analogy to
recently developed global maps of science (Leydesdorff and Rafols, 2009) and economy
(Hidalgo et al., 2007), the technology map captures the relatedness or distance between
pieces of technological knowledge based on the co-occurrence of technological classifications
on patents. As our classification of technologies we use an extended version of the WIPO
classification of technological fields, unfolding the 35 classes to 389. The more often a code
is assigned to patent documents within one area together with codes from another area, the
stronger the relationship between those codes and the shorter the (technological) distance
between the technological areas to which these codes belong. The global technology map
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thus provides a “bottom up” measure of the technological distance between different
technological fields.
We use patents as our measure of technological development. While patents are considered
an intermediate indicator, data availability and the possibility to capture also emerging
technological fields explain their widespread use in the study of technological change
(Archibugi and Pianta 1994; OECD 2009). In order to overcome some of the difficulties
associated with the use of patents as an indicator for technological change, we use a subset
of all patents for the construction of the global technology map. More specifically, this
research uses the Corporate Invention Board (CIB) dataset (Alkemade et al., in press). The CIB
combines patent data from the PATSTAT database with financial data from the ORBIS
database about the 2289 companies with the largest R&D investments. The industrial
corporations included in the CIB account for 80% of world total private R&D, of the 2289
MNC’s, 730 have their corporate headquarters in Asia, 1002 in Europe and 538 in Northern
America.
In this paper we use the global technology map as the base map for interpreting the inventive
activity of the CIB firms. More specifically, we first project (or overlay) the portfolio of each
firm on the technology map, and calculate measures of portfolio breadth (longest path) and
specialization (average path length). Second, we analyze the extent to which firms diversify
into related technologies fields and whether these patterns of invention differ among
technological fields, sectors and home countries of the multinational corporations. Our
results show important differences in inventive strategies.
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Is it time for innovation or stricter standardization? China’s air purifiers and the ecoinnovation framework
Rodolfo Hernandez
China’s air pollution has reached a critical state, with high levels of heavy coal-smoke and air
pollutants such as ozone and particulate matter (Clean Air Alliance of China, 2013; van
Donkelaar et al., 2012). The most recent official report (Ministry of Environmental Protection
[MEP], 2015) shows that during 2014 only 8 of 74 cities monitored by China’s Ministry of
Environmental Protection meet air quality standards. To tackle this situation, the country has
slowly introduced a new type of control and regulation of air pollution (Chen et al., 2011),
which considers public attention to particulate matter (PM2.5) and scientific evidence of
health effects (Chen et al., 2012).
Public awareness of air pollution has also produced another phenomena: massive sales of air
purifiers for household purposes. Main retailers have increased their sales and prices since
2011, as shown in several studies and reports (ZOL 2013, Daxue 2013). Just in the year 2013,
there was 80-100% growth year-on-year compared to 2012 (Daxue 2013). Not only sales have
increased but also consumers have learned more about the type of air purifiers, filters and
tests that might guarantee a better performance of a device (Duggan 2014). Therefore, new
pressure on manufacturers and retailers has raised to catch-up with foreign firms and provide
transparent information to consumers (Hong 2013).
In a broader context, in 2012 China introduced a comprehensive plan for air pollution
prevention and control in key regions (Clean Air Alliance of China, 2013), through the 12th
Five-Year Plan period (2011-2015), setting the nation’s main policies for the term. This
mechanism has strengthened the standards to regulate different subjects as innovation,
ambient concentration targets, emission reduction targets, city air quality plans requirements
and key control areas (47 cities). As shown by some authors (Lin and Elder 2013, Mao et al.
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2014), these major developments have been accompanied with constant strengthen of
regional and local plans, and also a degree of resistance to implement urgent measures (e.g.
industrial restructuring, regional management system).
The central Government has seen the massive sales of air purifiers (prices, quality and tests)
as another urgent area to regulate. Today’s existent standards and testing certificates do not
follow the state of the art of air purifiers (Cha, 2014; Hong, 2013), and were set before 2011
(GB /T18801-2008, GB 21551.3-2010).
This paper has two purposes: first, it presents a historical evolution of the consumption of air
purifiers for household purposes from 2011 to 2014; and second, it discusses how the broader
context of a new national air pollution policy has produced urgency to standardized air
purifiers innovation, production and testing. The main sources of the paper are governmental
documents (policies and standards) and media reports (including Chinese house appliances
specialized journals). A case study is presented, based on the information of standards and
tests of main online retail companies and their shops in taobao.com and jd.com.
I affirm that central government has a policy dilemma of whether controlling the market of air
purifiers (prices and patents) or introducing updated standards of air purifiers and tests to
prove their quality. Some governmental deliberate inaction has been partially due to the
pressure of national interests to allow national companies to catch-up with foreign brands
knowledge and create better conditions to compete with them. However, this has
undermined the trust to those same companies that still use out-of-date tests or simply
underestimate the regulations.
Through this case, I raised a theoretical discussion upon recent literature in eco-innovation
(OECD, 2011; Popp, 2006), focused on the question of how appropriate would be in solving
China’s standardization dilemma and which kind of limitations might face. I stressed the
positive role of standards-setting process when carried out in an open way and with the
participation of different stakeholders (Vollebergh & van der Werf, 2014).

Cultural Correlates of National Innovative Capacity: A Cross-National Study of NonInstitutional Dimensions of Innovation
Youngsun Jang, So Young Kim and Young Joo Ko
Although it is conventional wisdom that innovation requires free mind, diversity, or creativity
all of which are closely associated with political and organizational decentralization, it is in fact
more politically centralized countries in East Asia that successfully capitalized on innovation
to catapult their economies onto the growth trajectory. Scholars have thus wondered if this is
an exception rather a rule. Are more centralized countries innovative? Existing empirical
research has produced mixed results. This study introduces a new perspective on this issue.
Rather than the degree of centralization found in formal institutions, we focus on noninstitutional or informal dimensions of centralization particularly associated with culture.
Using two cross-national dataset capturing national culture (Hofstede and GLOBE), we explore
how different dimensions of national culture are linked to national innovative capacity as
proxied by patents. Our preliminary findings from the analysis of 34 OECD member states
based on the patent data extracted from the Patent Cooperation Treaty (PCT) database
suggest that non-institutional dimensions of centralization account more for the variations in
national rates of patents per capita than more formal aspects of centralization measured by
traditional political datasets such as POLCON. While cultural aspects have been examined in
technology management at the individual and the firm level, this study fills a gap in the existing
literature by exploring their relationship at the national level. More research is clearly needed
to explore the roles of non-institutional features facilitating or hampering innovation.
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Tensions of STI policy in Mexico: analytical models, institutional evolution, national
capabilities and governance
Gabriela Dutrenit and Martin Puchet
From a systemic/evolutionary approach, it is argued that science, technology and
innovation (STI) policy has to focus on the national system of innovation (NSI), the
generation and absorption of knowledge as nonlinear dynamic models, and systemic
failures. For this approach, knowledge, accumulated capabilities, and time are important,
institutions mediate between agents, and there is a growing concern for the regional level
and governance of the NSI (Metcalfe, 1995; Teubal, 2002; Edler, Kuhlmann and Smits,
2003; Woolthuis, Lankhuizen and Gilsing, 2005; Smits, Kuhlmann and Teubal, 2010).
In some ways, the models of STI policy associated with international organizations
(mainstream models) have drawn on this perspective, or adopted a particular interpretation
of it. These models have been successfully applied to so-called newly industrialized
countries (eg. Korea, Singapore, Taiwan), which have displayed good behavior in their
economic indicators as well as in those related to their domestic national STI capabilities.
They have been also extended towards the BRICS countries with varying degrees of
success (Cassiolato and Vitorino, 2009).
The main features of this model are: a policy focus that stresses STI infrastructure, human
capital formation, joint development between academia and businesses, start-ups based on
knowledge, small and medium-size enterprises (SMEs) and innovative clusters, a policy
mix centered on demand-side measures as well as building capabilities and fostering
linkages, and a policy governance based on multi-level coordination and participation.
Business innovation is at the center of these policies (OECD, 2010a).
These models have been offered as recipes for the developing world, and for some of the
emerging economies within it. While many developing countries have improved the
performance of various STI indicators (the contribution of businesses to research and
development expenditure, the number of researchers per economically active population,
and to a lesser extent other indicators such as patents), success has been limited when
compared to the indicators observed in OECD countries, and even more so considering that
structural problems of these economies persist (levels of inequality, poverty and social
exclusion).
The OECD (2010a) argues that the objective of the Innovation Strategy this organization
promotes is to support a process of policy development, recognizing that ‘one size does not
fit all’. However, recommendations are strongly tied to successful experiences. Several
authors claim that these models do not adapt to the prevailing conditions in developing
countries (Arocena and Sutz, 2002; Intarakumnerd and Chaminade, 2007; Dutrénit and
Ramos, 2012; Dutrénit, 2012). In other words, the analytical framework used for STI policy
design was conceived based on countries with different initial conditions - the central
economies. In addition, these countries have a different trajectory of institutional building.
All these contribute to feeding tensions that militate against the building of a sustainable
NSI.
A central issue in understanding the trajectories and the chances of success or failure of
policies emanating from both the mainstream models and variants that aim to adapt to
developing economies is to analytically conceive the role of the institutional framework and
governance at national, sectoral and regional levels.
Drawing on a systemic/evolutionary approach and being aware of the difficulties to
interpret recommendations bearing in mind that ‘one size does not fit all’, the aim of this
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document is to discuss the experience of STI policymaking in Mexico, considering the
interaction between the trajectory of institutional building and the process of construction
of both the government and governance of the NSI.
This presentation describes the trajectory of institutional building in the arena of the STI policy
in Mexico and summarizes the main arguments coming fromthe mainstream of the innovation
policy framework, discusses the main features of the institutional framework and governance
in Mexico, including the evolution of the legislation in STI and the expression of the
stakeholders, discusses the rules of the game of the innovation processes and their impact on
system governance, and finally discusses tensions that hamper the functioning of the system
in a self-regulated manner.
Session 11.f: Collaboration, Teams & Networks
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Teams in R&D: Evidence from US Inventor Data
Jinyoung Kim and Gerald Marschke
SHORT ABSTRACT: This paper exploits U.S. patent data and a panel of inventors listed on U.S.
patents since 1975 to investigate the determinants of teamwork in industrial R&D. Inventor
team size as well as the duration of collaboration among team members have increased over
the past several decades. The focus of the paper is a test of a model of dynamic team
formation where a firm must choose and then over time re-balance a team’s constitution
taking into account the gains to specialization, costs of coordination, technological change,
and the risks that employee members of the research team will appropriate the firm’s
intellectual property. We use variation in policy towards noncompete agreements in
employment contracts to identify the effect of researcher mobility and IP appropriation on
team formation. We find that where researcher job mobility is low, teams tend to be larger
and are more likely to repeat. Our evidence suggests that in assembling R&D teams, firms are
sensitive to the costs of appropriation and/or coordination.
LONG ABSTRACT: Technological innovation increasingly occurs in teams, though team size
varies across technological field, firm, geography and country. Firms that are unable to field
large, diverse teams of researchers are arguably at a productivity disadvantage in R&D (see
Wuchty, Jones, and Uzzi, 2007), and this disadvantage may be increasing. Firms that are
unable to keep their teams intact over a sustained research campaign may also be at a
disadvantage. The patent evidence shows that teams vary in longevity and that longer-lived
teams are associated with higher-quality innovations.
This paper explores the determinants of team formation in industrial R&D, seeking to explain
variation across time, location, and field in both team size and continuity. Our point of
departure is a model of teams in which the optimal size and composition of teams balance the
gains to specialization against coordination or information costs. In this framework, rising
team size may be due to falling coordination costs, for example, because of improved
strategies that limit free-riding and agency problems, or improvements in communication
technologies. Team size may also be increasing because of the rising stock of knowledge; the
optimal response by researchers to rising burden of knowledge may be greater specialization
which requires more collaboration (Jones 2006).
Because we are also interested in understanding team persistence and the standard model is
static, we consider a variant in which the firm manages its R&D workforce over multiple
periods and in each period the firm and its researchers experience technological and human
capital productivity shocks that change the optimal mix of skills and therefore workers, which
potentially cause the researchers to depart to compete against the firm.
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An innovation of this model is that it makes team formation part of the firm’s IP protection
strategy. With increasing inter-firm mobility of scientists and engineers in the 1990s and early
2000s came many stories of high tech firms actively encouraging defections among
competitors' workforces to access their technologies. R&D-performing firms have always
faced the prospect that their workers will leave for competitors or start up firms of their own
that directly compete against them. To the extent they face this appropriation cost they have
an incentive to reduce the number of research personnel involved in a project but also to
“compartmentalize” their research projects; that is, to spread the research tasks around
greater numbers of researchers so that single researchers lack sufficient information to
recreate the project on their own. Thus in addition to testing for gains to specialization and
coordination costs as determinants of team size, team persistence and team composition, our
empirical strategy tests as a determinant the threat of worker appropriation of IP.
To test our model of team formation and persistence in industrial R&D, we exploit a panel
data set of researchers that includes all inventors listed on U.S. patents since 1975. Because a
patent lists each inventor who instrumentally contributed to the development of the
underlying invention, we are able to construct measures of teams in industrial R&D. We
update the evidence showing teams have been increasing in size and that the number and
impact of lone researchers are falling. We show teams are remaining together over longer
periods of time and more projects. To identify the effect of mobility on team size and
persistence we use variation in non-compete covenant enforcement across states and time.
Non-compete covenants are commonly incorporated into employment agreements of
researcher employees. The results from our regression analyses of team size and team
persistence suggest that researcher mobility as well as firm-level technological characteristics
and coordination cost do matter.

The Anatomy of Teams: Division of Labor in Collaborative Knowledge Production
Carolin Haeussler and Henry Sauermann
Teams are increasingly important in knowledge production, yet how teams divide tasks among
their members remains ill-understood. Complementing recent work that views innovation as
the recombination of prior knowledge in different disciplinary domains, we conceptualize
knowledge production as a process involving a number of functional activities such as
conceptualizing the research study, performing the experiments, analyzing data, and writing
the paper. We develop a theoretical framework to study the functional division of labor in
scientific teams that highlights three different perspectives and also suggests three associated
measures: (1) an individual level perspectives considering to what extent team members are
specialized vs. engage in multiple activities; (2) an activity-level perspective considering to
what extent activities are concentrated among few team members vs. distributed across
many, and (3) an integrated perspective considering which activities tend to be performed by
the same team members as well as which activities tend to be performed by specialists vs.
generalists.
In the second part of the paper, we use this framework to examine division of labor empirically
using novel data on the activities of all authors who contributed to over 13,000 scientific
articles. The data are from the journal PLOS ONE, which ask teams to disclose the individual
contributions of all co-authors. We find that division of labor is stronger with respect to some
functional activities than others, likely reflecting differences in the benefits from specialization
and the interdependencies between activities. We also find a wide distribution of degrees of
specialization across individuals, and specialization is systematically related to individual
characteristics such as professional age and prior scientific accomplishment. Consistent with
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economic theories, division of labor increases with team size but at a decreasing rate, leveling
off well above the theoretical minimum. Thus, teams members do not specialize as much as
they could, potentially reflecting high coordination and communication costs associated with
high division of labor. Moreover, while the share of members performing empirical activities
is largely stable across the team size distribution, the share of members engaged in conceptual
activities declines sharply, suggesting that conceptual activities may benefit less from parallel
processing by multiple team members.
In the third part of this paper, we use the data to explore differences in the levels and nature
of division of labor between projects of different types: projects that are in one discipline vs.
multiple disciplines, in established vs. new fields of science, and projects performed by purely
academic teams vs. teams with industry involvement.
Overall, our paper advances the understanding of scientific knowledge production in teams in
two important ways. First, we propose a conceptual framework that clarifies and
conceptualizes functional division of labor and suggests a range of empirical measures that
can be used for future work. Second, we use these measures to provide empirical insights into
the division of labor in a large number of diverse projects. Given the difficulty of studying team
processes at a large scale, these insights should be of interest in their own right; in addition,
they illustrate an empirical approach that can be fruitfully exploited to address a number of
important questions about the organization of scientific research in teams.

The emergence of molecular biology in the diagnosis of cervical cancer: A network
perspective
Daniele Rotolo, Michael Hopkins, Ismael Rafols and Stuart Hogarth
Cervical cancer is one of the most common cancers among women. About 530,000 new
cervical cancers occur and cause about 275,000 deaths each year. Large screening programs
are generally credited with its decreasing impact, though cervical cancer still represents an
important issue in less developed countries. Diagnostic technologies based on cytological
analysis of the cell at the microscope, such as the Pap test, have dominated screening
programs for decades despite their well documented low sensitivity. The decline of this 'mono'
diagnostic approach has started only in the late 1990s due to major advancements in
molecular biology juxtaposed to earlier key pathological discoveries. Molecular biology
enabled scientists to address the limited sensitivity of cytology-based testing technologies,
thus spurring the emergence of a novel stream of diagnostics, which have changed the
research landscape and clinical practices in cervical cancer considerably (Hogarth et al., 2012).
Different groups of actors may have significantly shaped the development and adoption of
molecular diagnostic technologies in this domain. Innovation is indeed a 'distributed' process.
Sources of innovation and agency are distributed across a large variety of actors. These actors
with their different interests, visions, and expectations can steer, especially in the early period,
the directionality of technical emergence (e.g. Stirling & Scoones, 2009). Within this process,
the networks resulting from interactions among these actors have therefore a key role. They
provide actors with access to knowledge and resources, distribute power and control, and
enable actors to build a reputation that extends beyond their local peers. Certain actors can
strengthen the ‘system of innovation’ by increasing the cohesion of the network through the
mediation between actors otherwise weakly connected, whereas others can hold exclusive
positions that in turn allocate power and control disproportionally.
Our understanding of the emergence process from a network perspective is limited. We have
limited knowledge on how actors interact over different phases of emergence and how they
differently leverage their network positions. We aim to fill this gap by examining inter129

organisational networks over the emergence of the molecular biology in the diagnosis domain
of cervical cancer research. To do so, we rely on the bibliometric analysis of 4,722 publications
related to the diagnosis for cervical cancer (from 1980 to 2011). Bibliometric data are used to
identify actors and construct inter-organisational networks (co-authorship). We distinguish
the identified actors between different groups, namely 'institutional groups'. These are
Research and Higher Education (RHE), Governmental (GOV), Hospital and Care (HC), Industrial
(IND), and Non-Governmental (NGO) organisations. We then examine the dynamics of interorganisational network at the level of dyads and triads. At the level of the dyad, we investigate
patterns of tie formation within and between institutional groups and how those patterns
evolve during emergence, while, at the level of the triad, we focus on examining the extent to
which actors mediate between other actors belonging to non-overlapping groups. To do so,
we identify different brokerage roles: coordinator, gatekeeper, representative, itinerant
broker, and liaison (Fernandez & Gould, 1994). Qualitative insights on the case-study are used
to complement these analyses.
Results show that the process of tie formation differs across institutional groups and over the
different phases of emergence. Certain actors were more active in establishing intra-group
ties (RHE) while others collaborated with organisational actors belonging in other groups
(GOV, IND, NGO) more frequently. Groups of actors also profiled differently according to the
different brokerage roles. For example, RHE were more likely to coordinate within the group
and to act as gatekeeper. GOV organisations were more likely to act as itinerant broker and
liaison over the early phases of emergence, whereas their gatekeeper role increased as the
novel technology became more established. The HC, IND, and NGO groups were relatively less
active in coordinating within their groups. These results are exploratory, but provide
important insights on the role different types of actors may play over different phases of
technological emergence.
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The role of macroculture in industrial renewal – networking and cluster policy
perspective
Nina Rilla, Maria Lima-Toivanen and Juha Oksanen
A major challenge for sectors today is how to continue to renew and adapt to radically new
competitors, innovations, and opportunities emerging from across the globe. Building up
collaborative networks and creating durable capabilities also gradually leads to strategic
similarity, and technological traditionalism over time. Sectors of inter-related companies with
shared strategic beliefs run a risk of losing the ability to adapt in the long run. Many innovation
policy instruments are geared towards encouraging networking and knowledge sharing
among actors, mechanisms which are seen as having positive effects on firms’ innovation
performance. However, the very same instruments may potentially be detrimental for
building industry’s capability to renew. We base our argument to the concept of ‘interorganisational macroculture’ (Abrahamson&Fombrun 1994), which captures the observed
phenomenon that managers across organizations within a broader field, such as industry or
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sector, share relatively similar industry related beliefs, perceptions and practices.
Macrocultures can remain stagnant for extended periods of time if no external stimuli are
introduced. Important innovation policy instruments that are currently in use, such as national
or sectoral innovation programs, that aim to affect the interaction and collaboration between
companies, are in fact shaping value-added networks. Because shared beliefs and perceptions
are both generated by and mirror the networks that configure companies into such collective
nets, the very instruments that are designed to grow relational and knowledge capital and
promote innovation are simultaneously shaping macrocultures. Our objective is to shed light
on understudied effects of important present network and cluster policy instruments on
industrial macroculture and adaptive capability. The notion of macrocultures may provide an
explanation for why we sometimes observe stagnation, industry decline and inadequate levels
of innovativeness in innovation systems that appear well-developed. Our paper specifically
asks what role networking and cluster policy has to the formation of macroculture? Given that
innovation policy has been focused on networking to promote sharing of knowledge and
views, the main concern is that how these incentives take into account the aspects related to
similar worldviews and cognitive convergence that might potentially create inertia that
prevents industries to renew. We believe that it is not only timely, but crucial for policy-makers
to become aware and gain understanding of how promoting networks not only leads to the
creation of competences, but may also affect the longer-term adaptive capability through
intangible mechanisms that to date have not been connected to innovation policy. Network
and cluster policies should be sensitive to dimensions that create macroculture and to design
incentives that are receptive to capability building in companies required to adjust to the
changes posed by industry. We explore forming of macroculture and its role in creation of
adaptive capability in two industry contexts, game industry and forest-based bionenergy in
Finland. Our primary data is survey data, which is collected by structured phone interviews to
the main decision-makers of companies. In addition to survey, we have 20 semi-structured
interviews with innovation system level, intermediaries and private companies’ respondents.
We also utilise policy documents as secondary material. We approach the interorganizational
macroculture and renewal from the policy instrument point of view, which means that we
investigate specific collaboration promoting policy incentives in detail, and compare
participant and non-participant groups to assess the role of policy instruments in formation of
macroculture. The overall aim of study is to explore the formation of macroculture to
understand its role in industry renewal. Survey aims to get information of the initial belief and
attitude systems (probable macroculture) formed in the studied industries, which is
complemented with interview and document data to address specific networking and
clustering policies. Since the concept of macroculture is difficult to grasp and until today little
empirical evidence exists (O’Neill et al. 2004 as exception), we aim to describe the
macrocultures and to distil factors influencing the formation of macroculture by analysing
similarities and differences between different groups of respondents. Our framework
incorporates advances made in the strategic management and institutional organization
literatures with the literature on innovation systems and policy. Renewal has traditionally
been addressed with tangible indicators, but our approach is to introduce intangible aspects
to the policy dialogue, and deepen understanding on industrial renewal. We might thus
question whether macroculture has such strong damaging effect at all, like it has so far been
in the main literature presented.

Session 13.a: Inclusive Innovation #1
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Science, Technology and Innovation (STI) for inclusive development: the analysis of
ongoing policy experiments in Latin America.
Isabel Bortagaray
The understanding that science, technology and innovation policy shall explicitly integrate the
goal of social inclusion to the well-established competitiveness rationale has gained ground.
The scope of the STI policy must be expanded: it is not only about improving competitiveness
nor about claiming it’s role on enhancing the overall wellbeing of society through the trickle
down effect. STI policy for development requires an explicit move towards the expansion of
social inclusion. The recent policy discourse follows the new trend but still uncertain about
how to really develop new policy tools that both stimulate innovation and expand social
inclusion, what are/could be these policy tools, and what are the evaluation instruments that
could indicate whether those higher level goals are being accomplished. The move behind this
policy regime transformation is not only regarding the “what” constitutes the new agenda,
but also about the “how’s”: how to define the new agenda, how to stimulate innovation in a
socially inclusive way, how to evaluate these transformative processes, how to bring about
this new policy arena, rationale, and conceptualization. Furthermore, the how does not end
there because it also implies bringing about a deep transformation in the way problems and
solutions are defined and designed, and the heuristics developed to reach the alternative
solutions.
It also requires an epistemic shift from disciplinary to interdisciplinary approaches, from a
prevailing economic vision linked to the economic-competitiveness approach towards STI
policy, to inter-disciplinary and systemic rationales connected to the socially inclusive STI
policy approach.
In spite of recent declining trends in the levels of inequality in various countries, Latin America
remains as the most unequal region in the world (CEPAL 2014). Explicitly connecting STI policy
to social inclusion goals is necessary for strengthening capabilities and learning societies. This
paper analyzes some ongoing policy experiments aimed at integrating social inclusion and STI
policy in Bolivia, Colombia, Costa Rica, Panama, and Uruguay. The analysis combines the
broader macro- and meso-levels of the change of the policy regime with the micro study of
the specific dynamics around these policy experiments.
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Technology policy for social inclusion: agendas, cultures and governance constraints
Hernan Thomas, Paula Juarez, Lucas Becerra, Santiago Garrido and Facundo Picabea
After the big socio-economic crisis of 2001, Argentina’s subsequent governments attempted to redirect
public policy strategies towards vulnerable social groups, focusing their action in income redistribution
and improving the population’s life quality. In 2014, was approved the project “Access to goods: water
for development” (DAPED for its Spanish acronym), as the main project oriented towards social inclusion
financed by Ministry of Science, Technology and Productive Innovation.
The project was implemented after five years of negotiations between different agencies and public
institutions: two R&D institutes, the Instituto de Estudios sobre la Ciencia y Tecnología (Institute of
Science and Technology Studies - IESCT, for its Spanish acronym) of the Universidad Nacional de
Quilmes, and the Instituto Nacional de Tecnología Agropecuaria (National Institute of Agricultural
Technology - INTA, for its Spanish acronym); two governmental Argentinean agencies, the Ministry of
Social Development (MDS, for its Spanish acronym) and the Ministry of Science, Technology and
Productive Innovation (MINCYT, for its Spanish acronym); and a regional funding agency, the InterAmerican Development Bank (BID, for its Spanish acronym).
The process was initiated after a proposal generated by the Area of Social Studies of Technology and
Innovation of the IESCT, in response to a specific demand of the MINCYT. The central and explicit
objective of the Ministry was to implement a new method for technology management (design,
implementation, evaluation) to solve social and environmental problems, based on the conceptual
approach of Social Technological Systems.
The notion of Social Technological Systems problematizes the one-dimensional view of R&D institutions
and government agencies, which are then confirmed and stabilized in linear and mono-disciplinary
interventions to solve development problems. Instead, Social Technological Systems propose a concept
that refers to an alternative approach for the design, development, implementation and management
of technology oriented to solve social and environmental problems systemically, generating social and
economic dynamics for inclusion and sustainable development.
Then it is not about employment issues, access to water or energy, food production or health problems.
On the contrary, it allows to analyze –and modify- techno-productive sustainability problems,
fundamental right of access to goods, democratic designs; ultimately, local development issues.
Therefore, the proposed approach must be systemic.
Even when the above mentioned political actors supported and promoted the project within the highest
tiers of government agencies, the proposal has suffered design changes along the way. In this trajectory,
several modifications and adjustments had to be made in the process of articulation and coordination
between different organizational cultures, heterogeneous knowledge and ways of learning of public
agencies, as well as to apply the criteria of the Inter-American Development Bank (the international
financer).
This study is based on an analytical framework that triangulates conceptualizations from the Social
Studies of Technology, Policy Analysis and Economics of Technological Change. This approach
contributes to explain the processes of social construction of the working and utility of technologies
(“successes” or “failures”), construction of problem-solver relations, the generation and stabilization of
socio-technical styles, organizational cultures and policy agendas.
The main goal of this paper is to analyze the conception and implementation of the DAPED project
between 2009 and 2013. And, in this sense, different operations are deployed:
•
The work explores the strategies and policies of each public institution (IESCT and INTA), the
articulation of institutional capacities and learning dynamics of different and heterogeneous work teams
such as public Science and Technology institutes and government agencies.
•
The analysis is based on the experience of the research team of the Area of Social Studies of
Technology and Innovation of the IESCT in the process of positioning the DAPED project in the political
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agenda, assumptions and organizational practices, and the limitations and scopes of inter-agency
coordination. In other words, it is an attempt to convert a concrete experience in an input for policy
design of technologies for social inclusion.
•
Finally, the article concludes with learning about public policy design and intervention in the
development of technologies for social inclusion.

Inclusive innovation and multi-regime dynamics: The case of mobile money in Kenya
Elsie Onsongo and Johan Schot
Mobile payment systems have seen tremendous growth and penetration in various developing
countries. One exemplar is Kenya’s M-Pesa developed to foster the financial inclusion. Scholars have
studied M-Pesa and Kenya’s “mobile money revolution” from a variety of perspectives: economic
impacts, household patterns of use, regulatory issues, and technical and infrastructural aspects.
However, these elements have so far been investigated piecemeal. A comprehensive approach that
traces the development of M-Pesa, while analysing related societal processes and event sequences, and
highlighting the totality of actors involved in the mobile money revolution has yet to be used. In this
paper, I adopt such an approach—the multi-level perspective of sociotechnical transitions (MLP) (Geels,
2004). Following Yin’s (2009) case study approach, I make analytical generalisations on inclusive
innovations in developing country-contexts.
Specifically, I explore the following questions: what is the nature of the social setting in which inclusive
innovations are developed, deployed and adopted? What are the characteristics of the institutions in
these settings? What does ‘inclusion’ mean from the sociotechnical perspective, and how does social
inclusion manifest? What transformations are brought about by the embedding of inclusive innovations
in these sociotechnical contexts?
Using insights from sociotechnical literature and institutional economics, I characterise settings in which
inclusive innovations are deployed as comprising a formal regime and an informal regime. According to
Geels (2006), a sociotechnical regime consists of a networks of actors, institutions that guide their
interactions, and material and technical elements. Each regime exhibits one or more specific institutional
logics that shape the actions and perspectives of the actors within them (Fuenfschilling and Truffer,
2014). A regime therefore is delineated by identifying the ideal type field logics prevailing in a given
system, and the configuration of actors around each field logic. In addition, a boundary between two
regimes is said to exist, when couplings between constituting elements are denser and stronger within
a specific regime than outside (Konrad et al., 2008).
Applying this conceptual perspective to financial services in developing countries, it is evident that the
social setting is structured into domains in which either formality or informality as field logics prevail. In
my case study, the formal regime is represented by the network of incumbent commercial banks, users
running personal bank accounts, special interest groups such as professional bodies, bank lobby groups
and policy makers. These actors’ interactions are enabled or constrained by codified rules, and electronic
technologies are used pervasively. The informal regime, on the other hand, consists of actors such as
informal financial groups and grassroots organisations like rotating savings and credit associations
(ROSCAs) and welfare and clan groups (WCGs) and households in low income areas and rural areas.
Actors in the informal regime manage their finances through informal practices such as pooling, ‘gift
economics’, ‘mattress banking’, table banking, and cash-based systems. I show that, prior to the
deployment of M-Pesa, actors in these regimes rarely interacted or shared the same financial
management practices.
I then analyse the development and deployment of M-Pesa as an inclusive innovation in this multiregime context. According to IDRC (2011), inclusive innovations are developed to foster the inclusion of
‘the poor’ or the excluded into the formal economy, or what is considered the ‘mainstream of
development’. I argue however that rather than simply including the excluded into the formal regime,
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inclusive innovations trigger the convergence of the formal regime and the informal regime, and in the
process, the creation of a single hybrid regime consisting of a new architecture of actors, institutions
and technologies. Social inclusion is achieved when actors previously located in different sociotechnical
regimes begin to interact. In addition, the previously disparate institutional logics converge as shared
rules are created and negotiated, and technologies are mutually developed and shared. The M-Pesa case
illustrates how the development of the innovation involved actors in both the formal and the informal
regime. The case also illustrates that on M-Pesa deployment, reconfiguration processes occurred both
in the formal and informal regimes. The emerging ‘mobile money ecosystem’ (Kendall et al., 2011) is an
exemplar of a hybrid sociotechnical regime that integrates elements of both the formal and the informal
regime.
This paper applies a new analytical approach—the MLP and institutional theory—to generate insights
on the nature of contexts in which inclusive innovations are deployed, and the nature of the
transformation triggered by such deployment.

Inclusive development dynamics: a case study on STI management bridging scale,
sustainability and user participation in biotechnology in Argentina
Gabriela Bortz, Guillermo Santos and Hernan Thomas
OBJECTIVE: This paper aims to analyze how Science, Technology and Innovation (STI) management and
policy strategies are deployed towards achieving a high-scale, sustainable, knowledge intensive, and
locally grounded project, through the experience of an Argentinean biotechnology-based nutritional
supplement delivered in schools to solve child malnutrition.
THE PROBLEM: It is currently sustained by an emerging group of scholars that research, development
(R&D) and innovation in knowledge intensive technologies can play an important role in the construction
of solutions to the problems of poverty and lack of access to basic goods (clean water, nutrition, sanitary
services, healthcare, energy, etc.). At the policy level, international agencies have designed specific
programs on what has been called “innovation for inclusive development (IID)”. Meanwhile, at a national
scale, in the last five years Latin American countries like Argentina have implemented several policies to
support capacity building on STI as key elements to promote local development dynamics.
In this political agenda, biotechnology is considered a strategic area, given an over 30 year trajectory of
growing capacities in public R&D units and private and public-private firms. Nevertheless, it is hard to
establish a correlation between these efforts, STI investment and the generation of solutions to the
country’s major social problems. Despite the official discourses of the last decade, knowledge intensive
projects geared towards social inclusion still occupy only a marginal place.
SCENARIO: An analysis of current public policies, show that STI programs and resource mobilization go
either to basic research and/or remain more oriented to address windows of opportunity and economic
competitiveness than towards social development. Funding instruments, international paper-based
evaluation systems, and the characteristics of scientific local culture, constitute incentives that hinder
researchers from engaging in agendas based on local issues. Meanwhile, an empirical survey conducted
within the present research project of over 40 R&D experiences that explicitly attempt to develop
biotechnological solutions to social problems, shows that they remain still minimal, scarcely visible, low
scaled, count with fewer resources than mainstream agendas, and do not articulate with local social and
productive development agendas.
At the same time, a review of IID case studies that pursued the implementation of high-scaled knowledge
intensive technologies shows a widespread common framing of “inclusion” as “access to goods” and
“the poor” as “consumers”. This vision subordinates local capacities to coping through adaptive
strategies in informal settings and precludes empowerment processes that may include broader
participation in technology building and decision making.
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KEY QUESTIONS: In this scenario, STI management and policy making in knowledge intensive
technologies for inclusive development present thus several challenges: How to gain scale and, at the
same time, empower different groups of actors? How to develop knowledge intensive technologies to
solve social problems, and promote user participation in technology development processes? How can
social, sanitary and productive policies be articulated with R&D agendas towards social inclusion?
ANSWERS FROM CASE STUDY: This work explores these key issues through the case of the “Yogurito
Escolar”, probiotic yoghurt designed to prevent respiratory and gastrointestinal diseases, developed by
a public R&D institute of Tucumán province, Argentina. In coordination with provincial and national
organizations, and manufactured by a small local firm, the yoghurt became a central feature of a public
alimentary social program. Moreover, while addressing nutritional and health deficiencies –by delivering
the “Yogurito” to children in public primary schools-, the program articulated a strategy for local
development through the upgrading of the impoverished small and medium dairy producers. The
initiative has been running for over six years within the provincial territory and achieved a process of
scaling up, by distributing the probiotic yoghurt to over 200 thousand children. It has also engaged in
new projects in order to achieve its sustainability.
The present proposal seeks to address within the case of “Yogurito Escolar” the STI management and
policy strategies that were attempted to bridge between scaling-up and sustainability strategies –to
stimulate far-reaching inclusive development dynamics-, and local empowerment strategies –to assure
local adequacy and foster local capacity building-. Through the trajectory of the “Yogurito”, the paper
examines learning and innovation strategies in terms of technological design and institutional
arrangements that allowed its scaling-up, the articulation of scientific and locally grounded capacities,
user participation and the unfolding of a regional development policy scheme.
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The Academic Advantage: Gender disparities in patenting
Cassidy Sugimoto, Jevin West and Vincent Lariviere
Innovation is critical to economic development and depends upon the full participation of the scientific
workforce. Yet, the field of “innovation studies” demonstrates that there are many disparities in the
exploitation of human capacity for innovation. Two well-noted areas are the dearth of academic and
female innovators. The response to this lack of innovation in the academic sector has been to stress
academic entrepreneurship, which encompasses the varied ways in which faculty at educational
institutions engage in innovative and high risk activities which have the potential for financial rewards
for the individual or the institution with which they are affiliated. This is most typically operationalized
as commercialization of science activities such as patenting, which was heavily promoted following the
enactment of the Bayh-Dole Act in 1980 in the United States. Historical studies have shown that the rate
of female patenting from 1637 to the mid-20th century failed to exceed 2% of total patenting.
Contemporary studies suggest that women may continue to be underrepresented; however, studies on
rates of female patenting are largely monodisciplinary, localized, and lack explicit connections to the
types of settings where the patenting is conducted.
This study provides a comprehensive analysis of 4.6 million utility patents issued between 1976 and 2013
by the United States Patent and Trade Office (USPTO), taking into account the type of assignee
affiliations as well as inventor gender. This includes 10.8 million inventors and 4.2 million assignees.
Women contributed less than 8% of all inventorships for the entire period (1976-2013) and contributed
10.8% in the most recent year (2013); an increase from 2.7% in 1976. Women are the minority in every
technological area; however, significant differences can be seen by setting, with patents owned by
universities demonstrating the highest mean female participation (at 11%, compared to less than 8% in
firms). Difference has been increasing over time: while in 1976, females accounted for about 2-3% of
both industry and university’s patents, the difference between the two sectors became more apparent
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in the early 1990s. By 2013, women inventorships accounted for 18% of university-owned patents,
compared to 10% for industries and 12% for individuals. Higher proportions of academic female
inventorships are apparent across all macro technological areas, with the exception of “Other fields”,
where patents owned by individuals have a higher share of female inventorships, mainly due to
technological areas such as furniture, games, and other consumer goods.
The gender gap in terms of scientific impact has been well-documented. However, little is known about
the technological impact gap, i.e., the number of times women’s patents are cited in other patents
compared to that of men. Such impact is always lower for women’s patents, irrespective of the type of
assignee. However, this gap is narrower for patents owned by firms, and larger for patents owned by
the university sector, which suggests that the narrow gap in female participation in academic patents
does not translate into a smaller technological impact gap. It has been suggested that, when female
inventors are involved, patents tend to have higher diversity in terms of the number of International
Patent Classification (IPC) codes assigned. This holds true in our data: female inventors were associated
with more IPC codes, irrespective of the type of assignee, suggesting higher interdisciplinarity in female
patenting.
The results demonstrate that women’s patenting remains lower than would be predicted given their
representation in science, technology, engineering, and mathematics fields and professions and their
authorship of scientific papers. Furthermore, our study suggests that academic environments may be
more conducive for female patenting than corporate or government organizations. The higher degree
of female patenting in academe may be due to the less hierarchical organization of academic
institutions, which have been shown necessary for building social networks—critical in fostering
commercialization activity. The lack of a strong social network has been repeatedly cited as a main
reason for the suppressed commercialization activities of women. One way in which universities have
responded to this is the creation of Technology Transfer Offices (TTOs), which were established to meet
the demands of the Bayh-Dole Act in promoting the commercial exploitation of inventions that result
from government-funded research. Strong TTOs have been suggested as another approach to fostering
academic entrepreneurship through organizational support and facilitating the construction of collegial
networks. However, the degree to which these are providing advantages for underrepresented
innovators and taking into account the differential needs of some of these populations is yet unknown.

A close look at the work-family conflict in science: Evidence from a scientist survey
Hsini Huang and Yeonji No
This paper aims to investigating the in-depth impacts of family on scientific productivity. The majority of
current literature addressed largely on the family-work tension of female scientists or of the gender
differences (Mary F. Fox, 2001, 2005, 2008; Mary F. Fox & Mohapatra, 2007). Notably, male scientists’
family life and its impact on their scientific performance is lacking in the literature of gender and science.
Male scientists are fighting in the academic pipeline as well. As a recent study revealed, female and male
faculties in science are equally dissatisfied (17% female faculties vs. 16% of male faculties) with their life
(Ecklund & Lincoln, 2011). In addition, both male and female scientists reported that family somewhat
interfered with their work and so does the other way around (Fox, Fonseca, & Bao, 2011), suggesting
that work-family conflict is more than a woman’s problem.
While scientific work is becoming competitive, collaborative and large-scale, scientists are expected to
produce constantly. Although scientists in academic jobs has the advantage of flexibility in terms of
making their own schedule and some level of control of their research scope, studies showed that
scientists are stressful and tend to work long hours (Jacobs & Winslow, 2004; Wang et al., 2012). The
stress of surviving in academia is high and stiff.
Empirical studies found that the work-family conflict among scientists and engineers, operationalized as
work-to-family inference and family-to-work interference, is significant for both men and women. In
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particular, marriage and young children had strong negative impact on man’s family-to-work
interference, especially those work in the private universities (Fox et al., 2011). Based on Fox and her
colleagues’ interesting results, we inquire if the family-work interference exists, how does it affect
scientific work? Put differently, this paper proposes to explain the mechanisms of the work-family
conflict on scientific productivity.
Thus, the main research question asks in this paper is “Does marriage status and number of children
affect collaboration and scientific productivity?” Testable hypotheses are listed below.
Hypothesis 1:
Family has negative impact on collaboration and scientific productivity.
Hypothesis 2:
The negative impact of family on collaboration and scientific productivity is larger for untenured scholars
than tenured scholars.
Hypothesis 3:
The negative effect of family on collaboration and scientific productivity is smaller for scholars at
privilege research universities than those at less-privilege research universities.
To test above research hypotheses, it requires information from a large sample of scientists spanning
fields and institution types. This paper employs survey analysis, based on data collected from a survey
of scientists in the US (collected by the PI and Professor John Walsh, 2010). The survey sample consisted
of 2327 valid responses (26% response rate).
Despite the disproportionate distribution between male and female scientists, our preliminary results
show that male scientists have more co-authors than female scientists. Male scientists at the lower rank
(assistant professor or associate professor) can produce more publications out of the project they
involved than female scientists at the same rank. Science is still a highly male-dominated world (Ceci &
Williams, 2011), which is also true in our empirical data. The work-family conflict is likely to interfere
with man’s scientific life. With the unique dataset of scientists nationwide in the US, findings of this
paper can provide insights of the conflict to what extent does it interfere the process of scientific work
and scientific outputs.

Women and STEM entrepreneurship
Jennifer Woolley
Academic literature and popular press often lament the dearth of women in STEM fields, particularly in
startups. The recent surveys of Google, Yahoo and Facebook employees show that only 15-17% of all
tech workers are women. Estimates of women entrepreneurs in high technology fields range from 1-2%
in the UK and US (GEDI Gender Index) to 15% in Europe (ECDGEI 2008; Marlow & McAdams 2012). As
entrepreneurship is one of the drivers of a country’s economic health and technological advancement,
and more and more women graduating with STEM related degrees, women technology entrepreneurs
remain a potentially overlooked resource. This is of particular importance as initiatives around the world
seek to support women in STEM careers. A better understanding of the backgrounds, career paths, and
start-up trends of successful women who start STEM firms is needed.
Work regarding women entrepreneurs has spanned a wide range of topics from entrepreneurial
aspirations to firm performance (see Jennings and Brush 2013). Research regarding women
entrepreneurs in technology fields has primarily looked at the likelihood of starting an academic spinoff. In this setting, fewer women are active in related careers and the social and professional norms are
less supportive of women entrepreneurship (Rosa & Dawson, 2006). However, little work has examined
the relative performance of technology firms founded by women entrepreneurs. Furthermore, the
findings about the success of female led technology firms are inconsistent, showing both
underperformance and equal performance, depending on the measure of performance. Thus, we do
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not have a rigorous empirical understanding of the women who do found successful technology
companies.
This study examines three questions: 1) Do the founding teams of STEM firms have similar characteristics
and trends seen in other fields with regard to gender? 2) Does the gender of STEM firm founders
influence the firm’s performance? 3) If so, what are the trends in career trajectory or background that
can explain a) women’s participation in founding high technology start-ups and b) differences in firm
performance?
Methods: The study uses a database of all nanotechnology firms started before 2008. Nanotechnology
firms provide a uniquely appropriate setting for this study since these firms are involved in each facet of
STEM. Over 10 industries are represented in the sample. Data are obtained from industry lists,
directories, press releases, publications, and web sites related to nanotechnology. Each firm was
analyzed to determine if it was a single-business ventures founded to develop, produce, and sell
nanotechnology products on the merchant market. Specifically, included firms must have more than 50
percent of their activities, such as products, R&D, or sales, derived from or related to nanotechnology.
Nanotechnology-related activities were identified by firms’ product, patent, and technology data.
Here, descriptive statistics show the trends in high-technology entrepreneurship. Event history analyses
are also used to examine the relationship between gender and firm outcomes.
Findings
Preliminary analyses are being conducted on the data. Table 1 summarizes some of the initial descriptive
statistics (taken out here). About 14% of nanotechnology firms started before 2008 had women
entrepreneurs on the founding team. Of these, 12% were founded by solo woman entrepreneurs, or
2% of the sample. Women tended to found firms with men (86%), but not other women. Only 1.5% of
all firms were started with more than one woman on the founding team. In other words, over 98% of
these firms had men on the founding team. Additionally, 43% of the all firms were started by solo male
entrepreneurs, or almost half of the firms founded by men.
The closure rate for firms founded by women was much lower than the other firms at 24% compared to
37%, respectively. Additional data are being collected regarding other outcomes such as acquisitions,
bankruptcies, and fire sales. In terms of backgrounds, preliminary analyses show that over 80% of the
women founders previously worked at universities or high technology firms and 11% were serial
entrepreneurs.
Conclusion
Although the findings are preliminary, they hold powerful insights into women entrepreneurs in STEM
fields. Findings show that while a minority of nanotechnology firms has a woman on the founding team,
almost all had men on the founding team. In line with previous research, 88% of the firms founded by
women had more than one founder compared to 51% of firms with only male founders, indicating that
women are more likely to collaborate during start-up. However, women do not collaborate with other
women. Firms started by women were less likely to close than other firms. Further analyses will surely
provide additional insight.

Influence and Inclusion: Sex homophily in academic STEM networks
Federica Fusi, Mary K. Feeney and Marla Parker
At universities, department climate is fundamental for faculty productivity and satisfaction.
Relationships with colleagues in particular may provide faculty members with the necessary support to
thrive in their professional careers (Bilimoria et al., 2006). Inclusion within the department community
translates into access to an important network of support for dealing with professional and work-life
related issues. Moreover, recognition by colleagues can result in power and influence within the
department and in the field, thus fostering self-esteem and motivation.
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In science, technology, engineering and mathematics (STEM) disciplines, the sex-related fragmentation
of departments has often led to marginalization and isolation of women faculty members. Women
scientists face the challenge of integrating into male-dominated work environments and gaining access
to networks of power, support, and resources. Several policies at the national and university level have
aimed to directly alter this “chilly climate” within STEM departments, leveraging integration among
faculty members and equal opportunities for women scientists. Current trends indicate that the number
of women scientists at U.S. universities is steadily increasing (NSF, 2013) and research shows that
women are increasingly integrating into faculty networks (Ceci et al., 2014; Feeney &amp; Bernal, 2010).
However, there is little empirical evidence as to whether this increased presence of women in STEM
departments and STEM networks has resulted in a more inclusive climate for faculty members. While
researchers have focused on sex as a significant variable to explain the climate of marginalization and
isolation, few studies have investigated what diverse networks mean for organizational outcomes and
scientists’ success.
Networks are the mechanisms through which scientists are able to access to the symbolic, information,
and material resources that are necessary to gain influence within STEM departments. And networks
provide an invaluable source of support and advice to scientists – for instance, through friendship ties that may enhance a scientist’s sense of inclusion (Coleman, 2010). Because the sex composition of a
group (e.g. predominance of same-sex or cross-sex relationships) strongly influences psychological and
social perceptions among co-workers, sex-homophily and heterophily are expected to differently affect
men and women scientists (Callister, 2006; Ibarra, 1992). This research investigates the following
questions: are sex-heterophily ties advantageous for women and men scientists? How do scientists
perceive sex-heterophily ties? How is the composition of networks related to the perceptions of
influence and inclusion for both men and women scientists?
To test our hypotheses, we use data from the “Women in Science and Engineering II: Breaking Through
The Reputational Ceiling: Professional Networks As A Determinant Of Advancement, Mobility, And
Career Outcomes For Women And Minorities In Stem” (NETWISE II) survey, an NSF-funded study on
professional networks for women and minorities in STEM, conducted in 2011 (CO-PIs: Julia Melkers, Eric
Welch, Monica Gaughan). The data consist of ego-centric networks of 9,925 U.S. scientists at higher
education institutions in four fields: biology, biochemistry, engineering, and mathematics. The results of
this research will inform the literatures on sex diversity in STEM networks and university and federal
policies aimed at integrating women in STEM fields.
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EI2 – Emergence Indicator -- Second Order
Stephen F. Carley, Jon Garner, Nils C. Newman and Alan L. Porter
We are developing a family of emergence indicators. Our base proposition is to take a set of research
publication or patent abstract records – either topical (e.g., covering graphene), or universal for a given
data source (e.g., all EPO patents over a 15-year period). From this dataset we identify a set of key terms
and refine those. We define a base period; then track activity over successive periods. Using a custom
emergent terms script in VantagePoint software, we tag terms that meet our emergence criteria.
Historically, we used a binary approach. Given a base set, with basic term clean-up and consolidation,
we would look for the presence of new terms or phrases by tracking items by year. If an item was “new”
and did not appear in the base set, the item was of interest to us. We would refine the process further
by establishing frequency cutoffs. A new item must appear X number of times in the monitoring period
to qualify as emergent. This technique was blunt but we could easily run the process on 100,000’s of
items.
This current work extends the earlier process by requiring not just the presence of a term and sufficient
frequency, but the increase of the usage of the term must also fit with a growth model. We have found
that logistic curves (Roper et al., 2011) generally work well when representing the R&D document
behavior of many emergent technology spaces [but not all; witness the extended near-exponential
growth of semi-conductor capabilities, as modeled by Moore’s Law]. These S-shaped curves suit Rogers
(1962) early characterization of innovation processes
We extrapolate that individual terms that define an emergent technology would also exhibit similar
behavior. So within our new model, we track the individual growth over time of each candidate term.
If the term exhibits behavior that fits within our growth model, the new term is emergent and flagged
by the script. If a term does not fit with our growth model, the term is not flagged, even if the term is
new to the document set. Although computationally more expensive, the process can still be effectively
run on large document sets and significantly reduces the number of terms flagged as emergent, as
compared to our early process.
However, our past experiences using the appearance of new terms suggest that single terms or phrases
are problematic as a direct emergence indicator. Variability in terminology, particularly as a new
technology is beginning to coalesce, means that a single term or phrase is an unreliable indicator. Terms
can also appear quite quickly in the literature, giving little data to curve fit. Rather than key on this direct
emergence measure, we see notable potential in using trend patterns to devise a “second order”
indicator. That is, we identify countries, organizations, researcher teams, and/or individual researchers
whose R&D activities stand forth based on the prevalence of those emergent terms in their work. We
suggest this usage is robust and offers high potential intelligence value for R&D management and policy.
In the presentation we will offer case examples, comparing the emergence indicator behavior.
References
Rogers, Everett (1962). Diffusion of Innovations. Glencoe: Free Press.
Roper, A.T., Cunningham, S.W., Porter, A.L., Mason, T.W., Rossini, F.A., and Banks, J., Forecasting and
Management of Technology, 2d edition, New York: John Wiley, 2011.
[NOTE: Paper intended for Rotolo's session on Defining and operationalizing emerging technology.]
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The Internet of Things and the Economics of Innovation
Alexandre Turcotte
There exist many different definitions for the umbrella term of the Internet of Things, however there
seems to have a consensus on the fact that it will use a wide variety of technologies and that it will
include smart objects and machines that will not necessitate direct human interaction. The IoT would
be global smart infrastructure that will connect machines, organizations, homes, vehicles, processes,
and people to intelligent networks. This paper will focus on this bigger picture of the IoT and will analyze
its present situation at the macro level and will propose that in order to fully deploy a global Internet of
Things (IoT), nations will need government mission-oriented interventions that go beyond the typical
market failure approach, and “picking the winner” argument. Governments should invest to create
markets, ensure proper collaboration within the field, establish trust with the population, and finally
guarantee returns in its investment for future needs in innovation. In the end, all these actions will
empower firms and national economies and ensure proper development for the IoT. We propose the
public interventions towards IoT will ignite the entire private market rather than only the usual digital
magnates. There is a need to foster a strong national innovative IoT infrastructure to welcome future
technological advancements such as autonomous vehicles, biochips, smart robots, and last but not least,
artificial intelligence (AI). This paper also opens up on the fact that governments and firms should
approach and appreciate the present technological revolution challenges as a ‘test’, or ‘experience’, to
develop dynamic interventions that will control and regulate the opportunities and real potential threats
posed by the not-so-far artificial intelligence.
In this paper, I will explore the theme of the Internet of Things within the conceptual framework of
economics of innovation. I will argue that the IoT is facing an imminent and complex situation, which
already extends beyond the problem of standardization, security and privacy. As of 2015, more than 4
400 businesses involved in more than 50 consortiums, associations or alliances IoT related try to lead
and influence the development of the IoT with various goals and objectives. Even though this
convergence towards private sector collaboration represents an increasing international collaboration,
it constitutes a significant source of concerns when we realize that the public has been excluded from
the global discussion on the Internet of Things. These concerns range from the impact of the public
acceptance and the pursuit of economic growth to clear solutions for sustainable development, to the
disastrous effects of discrepancies between nations and people, and their social and environmental
consequences. The paper will discuss that such a broad and technological revolution will have profound
impact on societal development that can be disastrous economically and socially if the bigger picture of
the IoT is not well understood. I will argue that governments are the missing link and they need to be
proactive and become agent of development and market creators. Their role goes beyond the typical
argumentation of governments need to address market failures or stop picking the winner.
The paper will be able to establish the validity of this hypothesis by: (1) exploring broad definitions of
the IoT, its challenges and opportunities; (2) analyzing the dynamics at play and the hype in the
international development of the IoT; and (3) comparing the national competitive advantages in
innovation and the field of IoT in Canada, China, USA, France, United Kingdom, Sweden and the
European Union as a whole. It will conclude with the formulations of various lines of approach for
governments to cope with the development of the Internet of Things.
A framework for building a search term strategy in an emerging technology: The case of synthetic
biology
Seokbeom Kwon, Jan Youtie and Philip Shapira
The concept of “emerging technology” has been associated with radical novelty steep upward growth
trajectories, and extensive societal and economic impact (Rotolo et al. 2015). A central feature is change;
yet regardless of whether this change is evolutionary or disruptive, there is often ambiguity and
vagueness in defining the technology. This makes it difficult for those who wish to develop operational
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characterizations, applying measurement approaches, or undertake foresight activities. Several factors
influence this uncertainty. There is inherently evolution in the body of knowledge and set of techniques
that underpin emerging technologies, accompanied by change in scientific and technological terms
(Arora et. al. 2013). Yet, scientists who are active in an emerging field may say that what they are doing
today is not different from what they did a year ago (Khushf 2004). At some point in time, often
associated with the rise of government R&D funding (Shapira & Wang 2010), an emerging technology
becomes visible, and scientists identify with it, which potentially makes it easier at that moment to
assess what research and innovation is occurring. Particular challenges arise in earlier phases when field
development is more fragmented (and government funding is less overt). This is the stage when it is
most useful to identify potential emerging technologies and their possible trajectories, including from a
bibliometric perspective, but also when it is most difficult to do so.
Not surprisingly, this phase leads to a diversity of measurement approaches. Keyword-based strategies,
particularly in early periods of emergence, can use simple variations of the most prominent “name” of
the technology. But these simplistic approaches may be too narrow, leaving out key subgroups that
might be in a different sub-discipline but which have the potential to make major contributions to the
emerging technology. More sophisticated and broad-based approaches that extend beyond a handful
of keywords alternatively might be too inclusive in capturing the work of scientists who are
uncomfortable with being associated with and indeed directly using the prominent name of the
technology. This juxtaposition reflects the eponymous duality of recall versus precision. Other
approaches based on the identification of leading scientists and those who cite their work may be tried
(Zitt & Bassecoulard 2006). But given the changing set of scientists typically associated with an emerging
technologies, especially new interdisciplinary domains which attract new combinations of researchers,
this approach also has its weaknesses. Some have pointed to the prominent role of instruments in
demarcating the emergence of a technology (Rafols & Meyer 2010); however, this method necessitates
good information about the instruments used in the emerging technology and indeed the extent to
which the emerging technology is centered on such instruments. Events such as workshops that bring
together participants for the purpose of defining the emerging technology can also be used to fix a
starting point, as can the introduction of key government funding programs, but it is not uncommon to
see the subsequent work end when the funding does (Chase et al. 2012).
How does one navigate these challenges in defining and measuring an emerging technology, at least in
a bibliometric sense, in its early stages of emergence? The aim of this paper is to examine two
approaches to identify the emergence of a technology based on a case study of synthetic biology. The
current emerging domain of synthetic biology draws, in part, on a legacy that extends back to the human
genome project of the early 1990s, giving it an evolutionary quality. Indeed, epistemic distinctions
between synthetic biology and other subfields such as systems biology have been debated (O'Malley et
al. 2007; Calvert 2008).
The paper builds a framework that compares the two early bibliometric search strategies (Oldham et al.
2012, van Doren, et al. 2013), and then suggests a way forward that offers a more promising balance of
precision and recall to bibliometrically define and measure synthetic biology. The paper uses noise ratios
to individually assess the ability of the prior search strategies to distinguish synthetic biology and
supplements these terms through the application of a natural language processing-based keyword
network.
The results indicate that, although synthetic biology is in a relatively early stage of emergence, a set of
keywords that define it can be identified and compared, and that there is an optimal set that is
positioned between simplistic approaches and more extensive strategies. Although each emerging
technology requires customization (and iteration) in the design of identification strategies, we draw out
principles of design, operationalization, and validation from this study that will offer insights to efforts
to refine search strategies in other emerging domains.
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Scientometrics for Portfolio Assessment at the U.S. Department of Agriculture’s National
Institute of Food and Agriculture
Robbin Shoemaker, Herb Bolton, Shing Kwok and Charlotte Baer
The National Institute of Food and Agriculture (NIFA) is the primary extramural science funding arm of
the U.S. Department of Agriculture (USDA). NIFA is comprised of four institutes that address: 1) plant
and animal production systems; 2) human nutrition and food safety; 3) natural resources and
environment; and 4) youth, families, and community. The Institute of Food Production and Sustainability
(IFPS) considers all aspects of agricultural production.
NIFA’s portfolio assessments aim to evaluate programs within each Institute. The process involves
assessing: the state of agricultural science, the Institute’s science programs, funding mechanisms,
stakeholder input, priority setting, staff and resources, and overall performance. Previous assessments
involved ad hoc accounting of activities and performance. A key recommendation of previous external
reviews was that NIFA needed to develop direct, measurable research outputs, productivity tracking,
additional effort toward assessment, and methods of impact assessment. The approaches presented in
this paper represent our attempt to advance NIFA’s portfolio assessment process. The objectives of our
portfolio analysis were to: 1) characterize the portfolio of IFPS science for the past 5 years, 2) document
selected outputs of funded projects, and 3) define benchmarks and indicators to assess future progress.
Modeling IFPS-supported science projects. To ascertain the current structure of IFPS science, we
modeled the text of 4719 projects by visualizing the data derived with topic modeling (VOSviewer;
Pushgraph, Chalklabs). Topic modeling allowed the data (i.e., project descriptions) to define programs
and created visualizations of meaningful categories from text, independent of keywords or preconceived
categorical designations. We developed two-dimensional visual outputs, or topic maps, in which terms
were clustered based on their overall topic- and word-based similarity to one another. Terms were
located such that the distance between two terms gave an indication of the relatedness of the terms.
Descriptions derived from topic modeling validated preconceived programmatic categorizations, but
also elucidated other important relationships. For example, animal disease, genetics, and reproduction
correlated with the animal science unit’s programmatic structure, but we were also able to see how
animal science contributed directly to food safety programs in another Institute. Also, the loose
connection between animal health and genomics represented a potential gap and opportunity to
integrate those areas for greater impact. Using visualizations along with the knowledge and experience
of our program staff, we identified scientific opportunities and areas for future research.
Analyzing stakeholder comments. Unlike staff simply reading stakeholders’ comments, topic modeling
provided a synthetic, comprehensive, and objective analysis of stakeholder input that not only indicated
major stakeholder interest but also how those interests were related to one another. This analysis
allowed us to look at input in an organic way, as it was provided in the stakeholders’ own words, rather
than by assigning comments to a particular pre-designated program, division, or institute.
Assessing integration of IFPS science. Network analysis (Sci2, Indiana University) provided a means to
analyze IFPS-supported projects and their relationships as defined by our science classification systems
called Knowledge Areas (KAs). We created a network map of currently supported project KAs to
determine relationships to one another and to identify most relevant KAs, those used most often.
Correlating IFPS scientific expertise and supported science fields. The areas of science supported by IFPS
were presented on a map of science (UCSD Map of Science, Sci2) and contrasted with IFPS staff expertise
on the same map. Direct comparison of funded science with staff expertise elucidated areas of staff
expertise shortage and directly influenced hiring decisions.
Examining funding mechanisms. Extramural research is supported primarily through two statutorily
defined mechanisms. Capacity funds are administered through a formula process. Competitive funding
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is awarded based on peer review. Capacity funds have been viewed as providing underlying support that
enabled Land Grant Universities to pursue advanced research efforts supported by competitive awards.
Preliminary results of our analysis using a knowledge discovery tool (Pushgraph, Chalklabs) suggested
that capacity-funded projects have played an important role connecting the “science space” between
what appeared to be unconnected competitively funded projects.
In summary, scientometrics are now playing an important role in program management at NIFA.
Applications span the realm of science programs, staff, stakeholders, and funding mechanisms.

Mapping Engineering & Development Excellence in the UK
Peter Robbins, David Wield and Gordon Wilson
The Research Excellence Framework 2014 (REF2014) is a UK government exercise for assessing research
quality in university departments. In REF2014 154 universities made 1,911 submissions to expert panels
across 36 subject areas in the sciences, social sciences and humanities. The UK holds research exercises
such as REF2014 every 6-8 years. REF2014 was different in that for the first time the impact of research
on users, not just other researchers, was assessed through case studies that were scored on their ‘reach
and significance’.
As development studies scholars who study science and technology, and who have backgrounds either
as engineers or as having worked in engineering teams, we have for some time been interested in the
role of engineering in development, and specifically the way this has been evolving in recent years.
REF2014, in which we also participated in our own subject area, Anthropology & Development Studies,
seemed an ideal opportunity to map the status of engineering & development across the UK research
spectrum, and to flesh out the conditions for producing excellent research and practice in this field.
In REF2014 6,975 impact case studies were submitted. We reviewed each of these case studies to assess
1) whether it had a developing country focus, either in terms of its content or research partners, 2)
whether it could broadly fit, or relate to five branches of engineering (systems, mechanical, electrical,
civil and chemical). From this initial review we identified 83 cases (N.B. doesn’t include panels 7-13 and
15, the number will likely rise substantially). We then reviewed these cases in detail looking at 1) What
kinds of engineering & development are being done, 2) Who is engaged in engineering & development,
3) What are their networks, 4) Who are their collaborators, 5) What is the direction of technical flow –
South to North or North to South, and 6) What makes excellent engineering & development?
Our initial findings are that 1) there is an emergent systems, interdisciplinary and stakeholder character
to UK engineering & development, 2) this is being supported by research funding mechanisms (such as
RCUK impact requirements and specific programmes supportive of developing country research,
including BBSRC, EPSRC and ESRC/DfID, RELU and ESPA). 3) The areas of highest concentration of
engineering & development research, aside from in engineering groups, are in biology, agriculture,
clinical medicine, architecture, planning & the built environment, and geography & environmental
studies. 4) There is almost no engineering & development research occurring across large areas of the
humanities & social sciences, including in some areas where these would normally be expected, such as
Art & Design, and Media, Library & Information Management.
An initial mapping of engineering & development excellence in the UK points to the increasing fluidity
of disciplinary boundaries and concomitant ambiguity consistent with researchers working across areas
of specialisation to address the growing systemic challenges of development and the environment in
North and South.

Testing technology-industry concordance schema using linked micro-level data on patents
and firms
Zachary Brown and Qifeng Weng
Empirical economic analysis of technological change often turns to patent data for measuring inventive
activity as an input into economic production. In linking patent and economic data, researchers often
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face a tradeoff between coverage and detail: country-level data often provide broad coverage but are
not suitable for learning about how the industry-level dynamics of knowledge spillovers, a level at which
the tension between cooperative and competitive R&D efforts are likely to be most salient. Meanwhile,
firm-level ‘micro-data’ provide rich detail on how firm structure relates to inventive activity as revealed
through patent databases. But such micro-data often suffer from limited coverage in time and space and
thus threaten selection bias when employed for large-scale policy analysis. A number of attempts have
therefore been made at ‘meso-scale’ linking of patent and economic data. These efforts usually take the
form of ‘technology-industry concordances,’ where official industry classifications in economic data are
matched to technology classifications in patent data. This facilitates using patent statistics aggregated
to the industry level and then associating them specific industrial sectors. While a number of such
concordances have been developed, we are not aware of any of them having been tested and validated
with micro-level data. This paper will provide such a test, using a large, global sample of firm-patent
data.
One of the most well-known technology-industry concordances is the Yale Technology Concordance
(YTC) (Kortum & Putnam 1997). The YTC system probabilistically matches technologies to industries
using a sample of Canadian patents issued between 1978 and 1993, which patent examiners manually
classified to industry (using the Canadian Industrial Classification or cSIC). However, a significant
drawback of the YTC is the fact that it is based on a sample of patents limited in time and space, and
hence is unlikely to effectively represent the dynamically evolving technological landscapes of
contemporary industries (much has changed in many industries since 1993). To address these
drawbacks, Lybbert and Zolas in a 2014 paper in Research Policy develop an Algorithmic Links with
Probabilities (ALP) approach to matching patent technologies and economic industries (using the SITC
system). Their ALP approach first uses text-mining techniques applied to patent abstracts and industry
descriptions to generate indicators for which industries a particular patent (family) may be associated
with. They then uses Bayes rule to compute weights representing the likelihood that a patent belonging
to a given technology (based on IPC code) also belongs to a given industry (based on their text-mining
analysis). They also are able to generate the contrapositive of these weights: the probability that a
patent belonging to a given industry also belongs to a given technology. Lybbert and Zola conclude in
their paper that the ALP technique produces matches which are qualitatively similar to the YTC in
distribution, with the ALP matching more closely approaching the YTC as more patents are processed in
the text-mining exercise. However, Lybbert and Zola also find that their ALP technique is somewhat more
prone to producing Type I errors, i.e. suggesting that a patent belongs to a particular industry when it in
fact does not. Lybbert and Zola therefore propose a number of ad hoc procedures for reducing the
frequency of Type I errors in the ALP technique.
We are able to test the performance of the ALP technique using independent data linking patents to
industries (i.e. without text-mining). We use patent-firm matches using the OECD’s Microdatalab, which
combines PATSTAT with the Orbis firm-level database. The resulting database contains millions of firms
around the world matched to applicants or inventors in PATSTAT and covering a period from 2000 to
2010. In particular, the Orbis database contains firm-level industry classifications (using the NACE
system, for which there is a straightforward correspondence with the other systems, including SITC). We
thus are able to classify a patent as belonging to a given industry if one of the patent’s applicants is a
firm belonging to that industry.
We therefore test the ALP technique using binary probability regression models (e.g. probit or logit) in
which the dependent variable is the aforementioned indicator for whether a patent belongs to a given
industry, and the explanatory variables are the ALP weights for whether that patent belongs to that
industry (which are obtained through looking up the appropriate weights based on the patent’s
technology classifications). (Lybbert and Zola provide public data with the ALP weights generated from
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their procedure.) In our initial testing we are focusing on biotechnologies (as classified using a family of
IPC codes designated by the OECD as falling under this heading) and agricultural technologies.
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Innovation catch-up: role of state-owned enterprises as national agents for innovation
development (case of Russia)
Ivan Danilin
It is widely considered that durable and endogenous innovation development is possible and effective
only in a well-developed, highly structured institutional framework of National Innovation System (NIS),
supportive to creativity, inter-actor communications, entrepreneurship, diversified nature and huge
amount of actors, etc. However, in the developing economies with fragmented NIS and with important
institutions in transition or even absent, the problem of innovation development appears to be one of
the most hard to solve. Unlike industrial catch-up development with its clear goals, well-established
instruments (from mobilization of resources and appropriate economic, policy and management
solutions and up long-term planning) innovation development with all its ambiguities and intangible
goals (i.e. qualitative, numerically unidentifiable) pose a great challenge for government and other policy
institutions, as well as to key stakeholders in business sector, academia, and social institutions.
One of the most important issues here is the agents of economy’s innovation transformation, since the
government on its own can`t support all needed activities - whereas new, innovative actors, who can
further drive the change, not always can appear in an non-optimal institutional environment, thus not
being a reliable resource for decision-makers.
In this situation policy bodies of developing economies assign much of responsibilities for planning,
preparation, and execution of innovation policies and strategies (sometimes also institutional) on the
state-owned enterprises (SOE) or their closest analogues from affiliated to the government business
groups. I.e. it could be stated, that at least in some cases SOEs evolves as national agents for innovation
development. This is due to different factors, actual for SOEs: huge amounts of resources available
and/or simplified access to national resources, experience (where appropriate) in industrial-era catchup development, relative controllability by/accountability to national authorities and lower
transactional costs of dialogue with public bodies, in many cases possibility of longer-term planning and
lesser dependence on short-to-medium-term market cycles, etc. Finally, empirically we know that
different public bodies prove to be at least useful in creating pro-innovation agenda, institutions of NIS,
and breakthrough innovations.
However, obviously there are also tremendous restrictions for using SOEs as innovative agents – starting
from their relatively low business ability and ending up with mostly hierarchical, top-down decisionmaking, which effectively contradicts with traditionally acknowledged (Chesborough, Christensen, etc.)
role of decentralized/distributed, down-top approaches and “democratic” nature of innovation
development and culture.
Considering these contradictions, use of SOEs as innovation agents and associated problems should be
acknowledged as an important issue for both theoretical and empirical studies of emerging economies
innovation policy and strategies .
In proposed paper author will analyze some abovementioned theoretical issues of SOEs as innovation
agents, and recent Russian policies (2010-2015) for national innovative development as a case. Russian
policies is especially illustrative due to the high rate of public sector in economy (up to 50% of GDP),
highly differentiated industrial representation of SOEs (from high- to low-tech) and special federal
accent on SOEs as innovation agents in a so-called “enforcement for innovation” strategy.
Study represent results of ongoing research project and is based also on empirical data derived from
interviews with several Russian energy sector SOEs (chosen for their relative openness and non-defense
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nature of businesses). Methodology of study is based on applying of Principal-Agent model and System
of Systems approach to the research problem.
Preliminary results of the study reveals several groups of factors affecting effectiveness and processes
of reconstructing SOEs as innovation development Agents. First is monitoring and control issues considering complex Principal`s costs and vaguely defined goals and targets of national innovation
development. Special issue here is a problem of information asymmetry on both Principal and Agent’s
sides (also due to not always well-quantified goals and intermediate results (“gates”)). Other is a
problem of governmental requirements and policy instruments considering its wider socio-economic
obligations and specifics of its dialogue with SOEs as (in Russia`s case) key economic actors.

How did the industrial research laboratory emerge and how has it changed? Revisiting
explanations from business history, economic sociology, and research policy.
David Pithan
The current discourse on “open innovation” argues that the inhouse R&D laboratory has been
increasingly displaced in the 1980s and 1990s by innovation networks that draw upon distributed
competences and resources and suggests that these flexible research consortia are an adequate answer
to the globalized character of the business firms in the late 20th and early 21st century (Chesbrough et
al. 2006). However, there is no convincing historical evidence under which circumstances the “open
innovation” model came into being. This paper argues that before we can make informed policy
recommendations on the future of industrial R&D, we need more historical and sociological insights
about its history, in particular how the industrial R&D laboratory became an established and widely
copied model for organizing research for industrial and economic growth.
For this purpose, the paper revisits literature from business history, economic sociology and research
policy. First, the paper shows that the late 19th century saw the establishment of the industrial
laboratory as a new, distinct organizational unit of the business corporation, separated from
manufacturing and other divisions. General Electric, Du Pont, AT&T and Kodak are generally considered
as the forerunners, the first to establish laboratories that were later celebrated widely. Many firms
followed suit, which lead to the industrial laboratory becoming an accepted and expected part of the
company after World War I.
Second, the paper discusses institutional and societal contexts, particularly in the United States, that led
to the adoption of R&D laboratories as a mainstream organizational model, including the patent system
and changing antitrust legislation in the political-legal context; federal land-grants leading to
considerable expansion of higher education, a strongly growing supply of scientifically-trained graduates
and an increasing professionalization of academic disciplines in the scientific-educational context; as
well as entrepreneurs and prevalent styles of corporate leadership paradigms in the business context.
The picture emerging from this literature review is one of organizational survival: in a changing legislative
environment, companies needed strategies for continued growth and sought to consolidate their
markets while fending off competitors. One key strategy was setting up facilities for systematic scientific
inquiry that are today considered the prototypes of industrial R&D laboratories. In Chandler's (1959,
1977) framework, establishing in-house research capacities is a structural response to the strategy of
integration utilized to stabilize and solidify the growing giants. In addition, Fligstein (1990) points to the
importance of changing management paradigms that evolve in the intersecting context of politics and
business, shaping the company and approaches to business growth and consolidation in the process.
The paper then discusses, third, shortcomings of current explanations about the emergence of the
industrial R&D laboratory in the early 20th century and its subsequent transformation in the late 20th
century. Informed by recent advances in institutional theory (Barley & Tolbert 1997; Czarniawska &
Joerges 1996), the paper develops a theoretical model that explains both the emergence and
institutional transformation of industrial research. The paper shows that successful diffusion of the
148

industrial laboratory in the early and mid 20th century was not only made possible by inventors,
scientist-entrepreneurs, and a supportive institutional context, but also by a powerful discourse that
presented the laboratory as role model for progress in industry. In this regard, it seems most important
to separate contemporary actors' and witnesses' accounts and writings on the topic from ex post
explanations, particularly in economic sociology and research policy. Methodically separating
contemporary discourse and today’s explanations makes it possible to observe how ideas about
industrial research organization traveled and how these ideas were transformed on their journeys over
time.
Barley, S.; Tolbert, P. (1997): Institutionalization and Structuration: Studying the Links between Action
and Institution. In: Organization Studies 18 (1), p. 93–117.
Chandler Jr., A. (1959): The Beginnings of "Big Business" in American Industry. In: Business History
Review 33 (01), p. 1–31.
Chandler Jr., A. (1977): The Visible Hand. The Managerial Revolution in American Business.
Cambridge/London: Cambridge University Press.
Chesbrough, H.; Vanhaverbeke, W.; West, J. (Hg.) (2006): Open Innovation: Researching a New
Paradigm. Oxford: Oxford University Press.
Czarniawska, B.; Joerges, B. (1996): Travels of Ideas. In: Barbara Czarniawska und Guje Sevón (Hg.):
Translating Organizational Change. Berlin/New York: de Gruyter, p. 13–48.
Fligstein, N. (1990): The Transformation of Corporate Control. Cambridge/London: Harvard University
Press.

Technology Transfer good practices in a developing country: The case of the Technology
Development Unit (UDT) in Chile
Pablo Catalan and Juan Rogers
Successful cases of university-industry linkages and technology transfer are not common in Latin
America and Chile, particular. The case presented in this paper is an exception to this situation focusing
on the Technology Development Unit (“Unidad de Desarrollo Tecnológico” or UDT) affiliated with the
University of Concepción in Chile.
Chile’s economy has been hailed as an example of success in Latin America for country working
its way out of under-development to join the ranks of developed nations. It has grown at a significant
pace, bringing new wealth and welfare to its population. However, this success has been built on exportoriented natural resource-based industries and cost-minimizing business models. In more recent times,
the Chilean economy has faced lower productivity rates that have resulted in slower growth. Chilean
leaders now believe that the next phase of development must be based on a much greater role of science
and technology applied in innovative industries.
In order to enter this phase, authorities have reformed the Science, Technology and Innovation
(STI) national system by means of a wide range of new public STI programs and the redefinition of the
mission of STI public agencies. In that vein, new Research and Development (R&D) organizations have
been promoted and funded aiming to increase scientific and economic productivity. However, Chile still
has some way to go to reach these goals. Even though scientific productivity has increased, technology
transfer remains weak, with limited impact, despite the government’s efforts to promote technologybased new ventures.
The question arises as to what has made UDT and exception in this context. In this paper, we
present a case study of this center to capture the components of its strategy and implementation that
might explain its technology transfer capabilities in a system that generally does not produce such
organizations.
The mission of UDT is to contribute to Chile’s economic development through scientific
knowledge and technological innovation in the field of forest biorefineries and become an
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internationally recognized scientific, technological, and innovation center in areas related to
commercially valuable products derived from biomass. Since its creation in 1996, UDT has worked with
more than 265 companies. Its portfolio includes 270 publicly funded projects, and it has applied for 31
patents either in Chile or abroad. It has 118 researchers on staff that work in five topical areas:
biomaterials, bioenergy, chemical products, environment, and technology management.
The center is located in the Bío Bío Region in Chile. This part of the country has generally been
known for its dependence on natural resources and such export-oriented industries as forestry, fishing,
agriculture and coal. It is the second region in economic importance in Chile but the economy is not as
strong as it was until a couple of decades ago.
The barriers and risks UDT faced were significant. First, despite their collaboration, industry and
the university did not wholly trust one another. Industry was dubious of the university’s capacity to
provide technological solutions, and researchers were not open to transferring their knowledge to local
firms. Second, a shortage of professionals trained in management of technology (MOT), with
competencies in writing new R&D proposals and dealing with industry’s technological demands,
hindered the success of R&D initiatives. Third, the basic research orientation of the R&D public system
had pushed the national government to work on a substantial reform that resulted in a redefinition of
the mission and goals of science and technology (S&T) public agencies. A set of new publicly funded R&D
programs with this orientation added uncertainty to UDT’s position. These factors are common across
the continent and are often cited as the reasons for the lack of fruitful university-industry linkages.
However, from the case study, we conclude that several factors supported UDT’s success. The
first was the organization’s high-quality leadership. The executive director took over the unit after
gaining professional experience in Germany, where he learned the management of applied R&D units,
interacting with industry, and technology transfer practices. Second, the organization trained its staff in
MOT. Researchers who were regularly in proposal preparation mode to fund UDT’s operation ended up
becoming experts in approaching industry and delivering high-quality projects. Third, the university
provided needed organizational support. As a part of the university, UDT regularly collaborated with its
highly productive researchers, giving the unit a competitive position within the national R&D system.
Fourth, in the early 1990s, the national government undertook a reform of the R&D public system that
resulted in several new programs in line with UDT’s university–industry philosophy.

China’s State Key Labs: Building Blocks of China’s Innovation Ecosystem
Eric Anderson and Lauren Reed
China’s state key laboratories (SKL) program emerged thirty years ago in 1984 as one of the first science
and technology initiatives in China’s period of economic reform and opening up. What began as a small
effort to build innovation capacity in China has grown into a vast network of labs and research centers
enveloping scores of high-tech sectors and new and emerging fields. Today, the program has grown to
include 289 national-level laboratories in 44 cities and many more institutions. The research performed
at these labs forms the core of China’s basic research enterprise and feeds into China’s efforts to build
a world-class science and technology capability. However, little to zero research has explored this crucial
part of China national innovation system (NIS). This paper first outlines the nature of China’s SKLs by
mapping their growth, research diversity, and organizational structure. This is done using a unique
dataset compiled to include all of China’s SKLs and associated characteristics. Next, the paper seeks to
understand the influence and role of the SKLs within China’s NIS. This is performed first by mapping the
labs’ relationship to other components of China’s NIS to observe connections, collaborations, and lines
of bureaucratic responsibility. Policy statements concerning the SKLs, particularly concerning their role
in state S&amp;T plans, are also explored.
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Evolution of creative imitation under the TRIPS compliant patent regime: Development of
biosimilar capabilities in the Indian pharmaceutical sector
Dinar Kale
The impact of TRIPS agreement on the growth and technological capabilities of the Indian
pharmaceutical industry has emerged as a critical issue in quest for affordable healthcare for poor
populations all over the world. Post 1990 Indian pharmaceutical industry emerged as a cheap supplier
of generic drugs all over the world. Indian firms were instrumental in creating affordable healthcare in
India as well as other developing countries. Evidence suggests that Indian firms responded to these
challenges by targeting small molecules generic markets in advanced countries and exploiting custom
research outsourcing opportunities. However the decline in traditional generic markets, acquisition
challenges by MNCs, regulatory hurdles by FDA and failures in managing new drug development has
created significant challenges of growth and survival for the leading Indian firms. In this context the
emergence of biosimilar segment in the global generics market has created new set of opportunities
albeit with its own set of challenges. Biosimilars (also known as biogenerics, follow-on-biologics and
subsequent entry biologics) are generic versions of biologics - a therapeutic drug category comprising
large complex molecules. Even if the formulation and production process is known, biosimilars as generic
versions of a biological cannot be identical to a reference biologic. Government agencies around the
world are grappling with the issue of defining appropriate frameworks to regulate entry of biosimilars
into the market. There is a significant difference between the position of the US and the position of
regulatory agencies in the rest of the world (including the EU) adding to the complexity of the problem.
Some Indian firms have made gradual transition towards development of biosimilar capabilities and
using case studies of four Indian firms this paper explore underlying learning processes dominating this
creative evolution in the Indian pharmaceutical industry. Primary data was collected through interviews
with R&D scientists and key managers from these four Indian firms by using a semi-structured
questionnaire. Data was triangulated with help of secondary data sources and interviews with industry
experts and analysed using analytical framework based on dynamic capabilities approach.
This research highlights that entry into biosimilar sector represents a next phase of creative imitation
for the Indian pharmaceutical firms under the TRIPS regime. It demonstrates clear differences between
technology acquisition and market entry strategies adopted by firms to move from duplicative imitation
to creative imitation revealing firm level experimentation with strategies and influence of path
dependencies in shaping them. This paper clearly shows that the role of regulation in shaping evolution
of technological trajectories in developing country firms.
In the past the challenge facing firms in the Indian pharmaceutical industry was to make a successful
transition from the era of license raj to an era of global competition. This they did and much scholarship
in recent years has focussed on what the industry did to achieve this feat. Our paper adds to this growing
literature by tracking next phase of evolution in creative imitation strategies adopted by the Indian
pharmaceutical firms as a response to disruptive regulatory change.

International transfer of technology and intellectual property rights: the case of the Brazilian
system of innovation
Tulio Chiarini
Given the new institutional context of the intellectual property rights, we contribute to the discussion
of their role in technology transfer from an exploratory data analysis. For this, we start with a brief
presentation of the major institutional changes from the 1990’s, in order to characterize the institutional
framework, showing that TRIPs had different implications in different innovation systems and there is
no consensus about its impact on the attraction of FDI and on international transfer of technology. We
then present aggregated data of patent applications and both expenditures and receipts for the use of
intellectual property in some countries with different innovation systems. We make evident that most
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new technological knowledge is produced in mature innovation systems, however, on one hand, these
countries pay more than the laggard ones for the use of intellectual property, but on the other, they
receive much more than the laggard ones, marking a positive balance in these transactions. Finally, we
present the recent Brazilian case on intellectual property and we make evident that the Brazilian
Trademark Institute (INPI) grant more patents to foreigners in areas which are considered ‘leading to
the future’ with high knowledge intensity than for Brazilians. This finding has implications: non-resident
patent reflects not national inventive activities and it obviously does not affect directly the Brazilian
innovation system in the way some people expect.

Intellectual Property Rights and Innovation: MNCs in Pharmaceutical Industry in India after
TRIPS
Sudip Chaudhuri
The history of India's pharmaceutical industry and the role played by multinational corporations (MNCs)
and Indian companies are well known - the industry has developed since the 1970s after India abolished
product patents in pharmaceuticals essentially through the efforts of indigenous companies. The MNCs
were relegated to the background.
But the environment and situation has changed since then. From 1 January 2005, drug product patent
protection has been re-introduced in India to comply with TRIPS agreement of the World Trade
Organization.
The principal economic rationale for granting patents is that it will stimulate investment for research for
innovation. This is the expected positive effect. But, patent rights which exclude others from producing
and marketing the product, lead to inhibition of competition and hence high prices and hence less
access. This is the negative effect. Reminiscent of the period before the 1970s, the MNCs have started
marketing new imported patented drugs at exorbitant prices particularly for life-threatening diseases
such as cancer. In this paper we focus on innovation where the impact is supposed to be positive.
That product patent protection may provide incentives for R&D for innovation is acknowledged in the
literature. But if the benefits of technological progress which are supposed to follow from patent
protection take place in developed countries, not in developing countries, then developing countries do
not gain (though they bear the high price of patented products). Has the behaviour of MNCs changed?
Are they contributing to technological progress in the country to justify product patent protection?
Among the ways the MNCs can contribute are by enhancing their R&D efforts; by properly using the
patent system for genuine inventions and not for preventing generic entry and by locally working the
patents obtained.
The following are the main conclusions of the study:
1. TRIPS and re-introduction of product patent protection in pharmaceuticals has not induced the MNCs
to enhance their R&D activities. In fact one observes a deterioration in recent years. In the early 1990s
before TRIPS came into effect, these MNCs spent on R&D only about 1% of sales. Since then rather than
going up, R&D expenditure as a percentage of sales has actually declined to about 0.3% in 2012-13. In
absolute terms too R&D expenditure has started falling recently.
2. MNCs have obtained product patents legally in a large number of cases. But a number of the patent
applications have been either rejected or revoked after being granted. Some of the patents which have
been denied recently include: imatinib mesylate (brand name Glivec of Novartis); gefitinib (Iressa of
AstraZeneca); peginterferon alfa-2a (Pegasys of Roche); Formoterol and mometasone aerosol
suspension (Merck); bimatoprost and timolol (Ganfort of Allergan). The main grounds for which the
patents have been denied are that the patented inventions are "obvious" (Section 2 (1)(j and ja)) and/or
that these do not show enhanced efficacy (Section 3(d)). Denial of patents under these grounds does
demonstrate that the MNCs have not restricted their claims to genuine invention. They have tried to
take advantage of the patent system and tried to obtain patents even when they are not eligible to get
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these patents under the Indian law. Several patent cases are discussed to argue that MNCs have been
aggressively asserting their patent rights not for getting genuine patents which they are entitled to but
for preventing generic competition.
3. The reason why patents are granted is not only that it will stimulate R&D for innovation. The
expectation is that disclosing of inventions in patent applications and working of patents will lead to
diffusion of technology and facilitate further progress. Under Section 146 of the Patents Act, 1970,
patentees are required to furnish to the Controller "the extent to which the patented invention has been
worked on a commercial scale in India". Out of the 1115 patented products for which information were
available for 16 MNCs, only 140 were commercially worked, i.e., were marketed in India (12.6%). Again
out of the 140 patented products worked in India, information about whether these were manufactured
in India or not were available for only 92 products. Only 4 of these were manufactured in India including
one which involves packaging of bulk imports. The remaining 88 patented products were being imported
and marketed in India. If patented drugs are imported rather than being manufactured, the country does
not gain technologically but pays the price of higher costs of monopoly drugs and this seriously questions
the propriety of having product patents in that case.

Individual versus Institutional Ownership of University-discovered Inventions
Dirk Czarnitzki, Thorsten Doherr, Katrin Hussinger, Paula Schliessler and Andrew Toole
Intellectual property (IP) policies are among the most powerful instruments shaping the incentives that
drive the discovery and commercialization of knowledge. For U.S. academic institutions the Bayh-Dole
Act of 1980 is perhaps the most influential and far-reaching of these IP policies. The legislation facilitated
private institutional ownership of inventions discovered by researchers who were supported by federal
funds. Many observers credit the Bayh-Dole Act with spurring university patenting and licensing that, in
turn, stimulated innovation and entrepreneurship (The Economist 2002; OECD 2003; Stevens 2004).
Based on this perceived success, the Bayh-Dole Act has become a model of university IP policy that is
being debated and emulated in many countries around the world including Germany, Denmark, Japan,
China, and others (OECD 2003; Mowery and Sampat 2005; So et al. 2008).
The key component of the Bayh-Dole model is granting the university, not the inventor, ownership rights
to patentable inventions discovered using public research funds (Crespi et al. 2006; Geuna and Nesta
2006; Kenney and Patton 2009). However, the incentive effects on academic inventors of university
versus individual ownership are not well understood. In a theoretical contribution, Hellmann (2007)
found that university ownership is efficient when inventors must search for a commercial partner as
long as the cost of search is higher for inventors than for the university. Using survey and case study
evidence, Litan et al. (2007) and Kenney and Patton (2009) argued that conflicting objectives and
excessive bureaucracy make institutional ownership ineffective and suggested an individual ownership
system may be superior. Due to a paucity of evidence, however, the U.S. National Research Council
recently concluded that “arguments for superiority of an inventor-driven system of technology transfer
are largely conjectural” (NRC 2010).
Our analysis uses the framework of Pakes and Griliches (1984) and a quasi-experimental research design
to provide the first systematic evidence on how ownership of intellectual property rights impacts
patenting of university-discovered inventions. We examine a fundamental change in German patent law
from individual to institutional ownership. Prior to 2002, university professors and researchers had
exclusive intellectual property rights to their inventions. This “Professor’s Privilege” allowed university
researchers to decide whether or not to patent and how to commercialize their discoveries, even if the
underlying research was supported by public funds. After 2002, universities were granted the
intellectual property rights to all inventions made by their employees and this shifted the decision to
patent from the researchers to the universities. The policy goal was to increase patenting of university-
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invented technologies which is often used as a surrogate indicator of successful university technology
transfer.
By changing the agent who makes the patenting decision, the abolishment of Professor’s Privilege
caused a “regime shift” that substituted institutional benefit and cost schedules for those of the
individual inventors. The net effect on the volume of patenting depends primarily on the relative costs
between the regimes. To identify how the regime shift affected patenting, we exploit the researcherlevel exogeneity of the 2002 abolishment of Professor’s Privilege along with the institutional structure
of the German research system in which universities and other public research organizations (PROs)
coexist. PRO researchers were not affected by the ownership change and serve as a control group. We
use a difference-in-difference methodology and control for the arrival of new patentable discoveries
using publications and peer-to-peer matching.
Our analysis shows that fewer university inventions were patented following the 2002 regime shift. For
a given discovery, the schedule of benefits to institutional owners, who are the post-change patent
decision makers, is lower because the university became an additional party in the negotiations over the
split of expected revenues. This partly explains why fewer inventions qualified for patent protection
following the regime shift. However, the effect on expected revenues can be offset if institutional costs
(broadly conceived) are sufficiently lower than those faced by individual researchers (Hellmann 2007).
Our results show that institutional patenting costs were lower for the subset of university inventors who
did not have relationships with industry partners prior to the policy change. For those individuals,
patenting increased. But, the data also show that most German patenting professors had prior industry
relationships. Post-change institutional costs were not low enough to offset the revenue effect for this
group.

Session 15.a: Responsible Innovation #2
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Principles to frame Responsible Innovation
Rider Foley
Promoters of emerging technologies often promise clean water, reduced emissions, or food security.
Despite the promises, evidence suggests that technological innovation over-emphasizes economization.
Responsible innovation (RI) is proposed as an integrated set of normative processes to guide
technological innovation. However, scholars often allow normative questions to remain unspoken. I
argue for explicit normative objectives as a set of targets for RI. A case study with empirical evidence is
used to inform this framework.
RI is becoming recognized as a conceptual and practical framing that attempts to overcome the
limitation of reactive governance mechanisms. It calls for distributing responsibilities among private,
government, academic, and non-profit stakeholders engaged in shaping emerging technologies. RI
conceptualizes a realignment of responsibilities to encourage shared accountability of science with
society (Owen et al 2012). Stilgoe et al. (2013) argues that four capacities are requisite for innovation:
anticipation, reflexivity, integration, and responsiveness. Despite strong assertions for those normative
processes, Stilgoe et al (2013) and Owen et al (2013) sidestep the question of “to what end”? Von
Schomberg, on the other hand, calls for a normative target as––“acceptability, sustainability, and
societal desirability” (2013, 63). Von Schomberg argues that actors engaged in the innovation should be
responsible for articulating these targets. This delegation of responsibility for defining the normative
objective burdens actors (at best) or affords an opportunity for powerful, self-interested parties to
commandeer the process to affect negative outcomes (at worst). In a way, an implicit assumption that
good processes always lead to good outcomes prevails. History, alas, offer many examples of just means
leading to unjust outcomes.
The task of articulating principals as objectives to guide actors toward a shared goal is often disregarded.
This presentation offers principles for RI, organized with five process principles and four principles as
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objectives. Process principles concern the activities required to accomplish the objectives and synthesize
prominent research. Principles as objectives take up sustainability as a globally recognized principle
(WCED 1987) and apply it to innovation to answer the question ‘to what end?’ They are intended to
orient governance efforts that aspire to be “responsible.” The process principles are:
1)
Anticipation: exploring plausible futures that consider coupled systems to enhance reflection
and decision-making capacity.
2)
Engagement: interacting in a manner that affords mutual benefit to diverse stakeholders to
enhance knowledge sharing before and during decision-making.
3)
Reflexivity: inquiring into ones actions, the underlying beliefs and assumptions.
4)
Adaptive: aligning with responsiveness, this principle draws from socio-ecological systems
literatures on adaptive governance.
5)
Collaborative: arranging organizations and individuals involved (or excluded) to define
institutions (formal and informal rules) for innovation in decentralized networks.
The objectives are:
1.
Socio-ecological viability and integrity: ensuring the stewardship of the planetary resources
demands that innovation ought offer a means to enhance resource efficiency and energy efficiency and
not detrimentally impact socio-ecological systems.
2.
Human flourishing: promoting freedom of expression, freedom from oppression, and equality
need to guide technological innovation and must not reinforce social orders that subjugate human
beings through oppressive activities.
3.
Livelihood opportunities: affording equitable prospects for investment in entrepreneurial
ventures and education programs to all persons.
4.
Inter- and intra-generational equity: demanding that socio-ecological viability, human
flourishing, and livelihood opportunities be considered across scales––i.e. between regions and sectors.
The case study offers an assessment of the degree to which contemporary nanotechnology innovation
and governance in Phoenix align with the criteria articulated above. Although the principles were
unfamiliar to respondents, the results demonstrate the usefulness of the framework to assess
contemporary governance regimes relative to RI. The results highlight how current governance
paradigms are highly attuned to commercial values (i.e. livelihood opportunity) above other normative
values. A myopic focus on economic value often entails trade-offs with public values (Sarewitz &
Bozema, 2011) including social equity (Cozzens 2011) and planetary integrity (Rockström et al 2009).
Proponents of RI often avoid normative questions about motivating objectives. I argue that the dance
among science, technology, and innovation would benefit from choreography inclusive of normative
objectives. Linking processes to normative objectives for RI offers one step toward restoring this
alignment.

An Intervention Research Approach to Responsible Innovation
Michael Bernstein
One vision for how scientific and technological advancement might be better linked to societal progress
is through the practice of responsible innovation (von Schomberg, 2013). Responsible innovation
scholars call for processes to enhance anticipation, reflection, inclusive deliberation, and responsiveness
in science and technology research and practice (Owen et al., 2013). The vision for responsible
innovation draws from well-theorized bodies of work, including risk governance, anticipatory
governance, science policy, and technology assessment, among others.
While responsible innovation literature has developed several visions for what innovation practices
could look like, and while there is a growing body of research delving into the outcomes of current
innovation governance arrangements (National Research Council 2014), much less is known of how
targeted efforts to alter innovation governance effect the outcomes of science and technology
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innovation (Jaffe 2006). The launch of the science of science policy initiative in the US, with its calls for
more systematic understanding of how targeted efforts in policy change the management and outcomes
of science and innovation (Jaffe 2006), represents one major effort to address this knowledge gap. Much
of the research in this field focuses on description of current and past processes rather than on the
introduction of alternative processes to test hypotheses about different approaches to governance of
science and innovation.
Three lines of research focus on the question of how to shift innovation systems from the status quo:
midstream modulation, transition management, and risk governance. Midstream modulation focuses
on building reflexive capacity of laboratory scientists and engineers (Fisher et al., 2006). These activities
lay a critical foundation for future reform, but are at present small-scale and not aligned with normative
societal objectives. Transition management focuses on long-term, large-scale socio-technical system
change (Loorbach, 2010), and combines top-down and bottom-up approaches. Transition management
success stories however are drawn almost exclusively from smaller, relatively homogenous nations with
centralized control (Lawhon & Murphy, 2012), lending these cases limited generalizability. Risk
governance advocates intervention through the change of formal rules and regulations (Kimbrell, 2009).
This strong command and control emphasis does not fully consider other ways of dealing with the social
costs (Coase, 1960) of technology development or the challenges of regulation in a rent-seeking society
(Joskow & Rose, 1989). The intervention research approach I propose addresses these gaps by explicitly
accounting for the normative and systemic dimensions of innovation system interventions.
Intervention research articulates the need for, and ways to design, implement, adapt, and evaluate
programs of intentional change (Fraser 2010). A unique contribution of intervention research is its
systematic study of the effects of programs, policies, and practices designed for intended outcomes.
Intervention for responsible innovation benefits from synthesis across knowledge from studies of
science and technology, innovation, policy, public health, social work, and behavioral sciences.
I propose five foundational elements of an intervention approach; i. subject of study; ii. the mode of
study; iii. the components of inquiry; iv. theories of change and v. implementation, learning, iteration.
In this presentation, I define each element, identify the underlying research supporting it, and explain
the use of the tenet and of any further subcomponents.
Next, nine questions are presented to help responsible innovation scholars diagnose gaps in the current
state of scientific and technological innovation and formulate an intervention design. Questions one
through three relate to gaps between the current state of and vision for responsible innovation.
Questions four through seven relate to strategic considerations for intervention design. Questions eight
and nine relate to anticipation of potential outcomes and reflection on the alignment between activities
and objective. Finally, a series of decision criteria are offered to help researchers refine a pool of
intervention ideas so as to pick one, or a practicable number, of intervention research studies to
conduct. Criteria are intended to be pragmatic, including such concerns as access to partners, strength
of collaborations, and potential influence of the program.
This presentation will close with a discussion of the challenges associated with intervention research.
These challenges include generating studies with sufficient control or counterfactual cases;
distinguishing correlation from causation; objections from more descriptive analytical fields of research;
and building interventions based on existing theory and evidence.
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Addressing the Community Engagement Gap in Engineering Education: A Short-Course
Approach
Matthew Harsh and Thomas Woodson
Young and early-career scientists and engineers at universities in developing and developed countries
are increasingly working with communities on development projects (Benneworth, 2013; Inman &
Schuetze, 2010; VanderSteen et al., 2010). Yet despite this well-intentioned interest, early-career
scientists and engineers rarely learn about how to work and engage with communities as part of their
undergraduate or graduate curricula (Schneider et al., 2008). Successful inclusion of these skills in
curricula would have major implications not only for career development, but also for the health and
well-being of communities where scientists and engineers work.
Across three countries and two continents, we have conducted several iterations of a short course on
community engagement for early-career engineers and scientists to address this gap. The 16-hour
course introduces participants to the complexities and challenges of community engagement and
development through an experiential and hands-on approach. The program goals are for participants to
be better able to: (a) look beyond technology to see how people, values, and other factors influence and
are embedded in technologies; (b) listen to and learn from people about these non-technical aspects;
(c) empower communities through a greater understanding of how technology relates to decisionmaking, managing, planning, and resource use in community and practitioner interactions.
Community Engagement Workshop (CEW) activities are designed to help participants systematically
consider the societal dimensions of engineered systems and develop a toolkit of questions and methods
for engaging with stakeholders. After two pilot deployments in Atlanta, Georgia, USA, and Cape Town,
South Africa, we ran two CEWs in 2014, one in at Concordia University in Montreal, Canada, one in
Arizona State University, Tempe, USA. We run a total of 12 activities, ranging from group discussions to
role-play to card games to case-study reviews, during the workshop. In addition, three non-facilitator
faculty partners who have experience working with communities are invited to share their work and
provide examples of community engaged research and practice. Participant learning is evaluated
primarily through two pre-post instruments, a project approach questionnaire and a concept map. The
project approach questionnaire asks participants to share the actions they would take and questions
they would ask when starting a new project. The concept maps capture participants’ mental model of
technological systems and whether and how respondents look beyond technology when thinking about
such systems. With regard to responsible innovation, the program targets participants’ capacity to
embrace the multiple normative perspectives shaping engineering projects, as well as engage in
productive collaborations.
Preliminary findings from the project approach instrument indicate that the workshop increases
participants’ capacity to look beyond technology when conceiving of engineering projects for
community development. Results were determined based on an inter-rater coding process in which
researchers asked: does this response account for social aspects of technological systems? If the answer
was “yes,” then responses were scored as "1"; if the answer was “no,” then the response was noted but
not scored. Total number of actions (responses to 1st question) and questions (responses to 2nd
question) were tallied. In response to question one, 83% of participants (15 of 18) had more responses
dealing with social aspects after the program. The proportion of responses dealing with social aspects
went from 33% (18/54) in the pre survey to 62% (38/61) in the post survey, an increase of 88%. In
response to question two, 56% of participants (10 out of 18) had more responses dealing with social
aspects after the program, and 61% of participants (11/18) asked more questions after the program. The
proportion of responses dealing with social aspects went from 45% (29/65) in the pre survey to 58%
(52/90) in the post survey, an increase of 29%. Quantitative analyses of the concept maps, and
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qualitative analyses of observational data are in process at the time of this writing, but are anticipated
to be complete by the time of the Atlanta Conference.
The presentation ends with a reflexive account of the challenges faced in planning and carrying out such
a short-course, including designing mutually beneficial collaborations with both technical colleagues
and community partners. In addition, possibilities for scaling up these efforts are presented. Preliminary
conclusions suggest the program seems an effective means to shift the mindsets of technical students:
from one where they see themselves as experts using advanced technologies to fix community problems
to collaboratively using science and technology in the service of building capabilities, and creating
empowered and resilient communities.

Changing Perspectives on the Role of Science and Engineering in Society: Science Outside the
Lab
Kiera Reifschneider
Science and technology enhance material and physical well being of individuals in unprecedented ways,
yet persistent societal inequities and environmental degradation shed doubt on the ability of modern
science and technology alone to advance broad-based societal progress. The training of scientists and
engineers to filter out subjective, societal concerns in pursuit of pure science may be one factor that
perpetuates a divide between technological advance and societal progress (Woodhouse & Sarewitz
2007). Alternative training programs may provide science and engineering graduate students a better
way to grasp and eventually work to restore the links between technological advance and societal
progress.
Science Outside the Lab (SOtL) is a decade-old policy immersion program in Washington, D.C. that over
two-weeks invites policy analysts, lobbyists, business people, and decision makers from across the
political spectrum to discuss their work with science and engineering graduate students. These graduate
participants face conflicting realities presented by the special interests jockeying for the future of science
and technology, and they experience how these societal concerns are inherent in scientific pursuits. The
intended program learning outcomes are for students to better: 1) Grasp the complex landscape
influencing and influenced by science policy, and 2) Appreciate the diversity of relationships among
individuals and entities engaged in shaping science policy.
This presentation discuses the results of a program evaluation that asked: ‘Does encountering science
outside the lab influence participants’ awareness of how science and technology policy shapes the
relationships between science and society? If so, how?’
The research team crafted three assessment tools to better understand participants’ perspectives on
the role of scientists and engineers in society, as well as the role of information and values in shaping
science policy, before and after the program. The three tools were: a pre-post Likert scale survey to
gauge participant perspectives (scaled from 1, strongly disagree, to 5, strongly agree); a series of rapid
(“burst”) reflections to assess emotional responses to discussions and activities; and a pre-post concept
mapping exercise on science policy
The Perspectives Survey presents participants with a series of questions, developed from a literature
review and expert testing, regarding their views on the role of trained scientists and technical experts in
science policy (Pielke 2007). Changes in perspective are detected as statistically significant differences
in pre-post response on questions, as well as statistically significant differences between question pairs
relating the perceptions of ‘self’ vs. ‘others or peers’ in the science policy process. Results from the set
of completed pre- and post- surveys of two SOtL program cohorts in 2014 (n=14) are presented.
For “burst” reflections, SOtL participants were asked to write five words that came to mind after each
discussion or activity. Recorded words were entered into a program that parses a large, English-language
database (Warriner et al., 2013) and reports a three-part score for the affective, or emotional content
for the word. The three emotional dimensions scored are valence (happiness), arousal (excitement), and
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dominance (feeling of being in control). The top 10 most recurrent words for both SOtL cohorts
emphasized content words like ‘budget’ and ‘policy’, but also consisted of adjectives like ‘informative’
and ‘interesting’, and verbs like ‘engage’. The content words and themes correlated with those obtained
from the concept mapping exercise.
With the third analytical tool, participants were tasked with constructing a concept map (Novak 1990;
Ruiz-Primo et al., 2001) of the people, organizations, and other entities they think are involved in shaping
science policy. These were completed as the first, and last activities of the program. Maps were seeded
with a central node of ‘science policy.’ Post-workshop, participants created more complex, and highly
linked maps, suggesting an increased understanding of science policy. Additionally, the increase of
bidirectional or outward links from ‘science policy’ in the post-workshop maps may suggest that
participants increasingly appreciate how science policy is socially constructed rather than predetermined.
Preliminary conclusions from this intervention study are that, after participating in SOtL, science and
engineering graduate students increasingly appreciate the plurality of voices and values involved in
shaping science policy priorities. Future research will seek to investigate the perspectives of a control
population of peers, assess whether and how changes in SOtL participants’ perspectives and
understanding persist, and study if these changes manifest in actions and decisions over time.

Session 15.b: Career Age and Stage in Science
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Emerging Scholars: An Analysis of Strategic S&E Departments in Research Funding Attainment
Alex Graddy-Reed, Lauren Lanahan and Nicole Ross
In 2012 alone, over $63 billion was invested in US university research and development (R&amp;D) in
the fields of science and engineering (S&amp;E). As engines for basic research, universities train the next
generation of the S&amp;E workforce. We focus on this population of emerging scholars during their
graduate training and examine the effect of academic department conditions on promoting success
among early-stage, emerging scholars. We define success by drawing upon data from one of the most
prestigious research programs designed for emerging scholars in the US, the National Science
Foundation’s (NSF) Graduate Research Fellowship Program (GRFP). This program has a demonstrated
history of supporting promising graduate students in NSF-supported S&amp;E disciplines. Applicants are
subject to the standard NSF proposal review process, and award recipients receive a competitive threeyear fellowship to conduct their own research. As a signal of quality, both GRFP recipients and honorable
mentions are publicized. We draw upon this data not only to identify promising emerging scholars, but
also to exploit the variation between recipients and honorable mentions.
In this paper we focus on 51 S&amp;E fields from 212 US academic institutions. Our data include the
NSF GRFP list of award recipients and honorable mentions and data presented as part of the National
Research Council’s (NRC) Data-Based Assessment of Research-Doctorate Programs in the United States.
The most recent survey (2005-2006), published in 2010, includes data on a series of measures regarding
faculty composition and productivity, characteristics of graduate students, and characteristics of the
department. We pay particular attention to a series of peer- and leadership-based network effects and
a series of organizational diversity and support effects.
The first component of the analysis draws upon the entire sample of NRC S&amp;E departments to
estimate the differential effect on having any GRFP success – defined as a unique university-department
having at least one student with an award or honorable mention – between 2005 and 2008. Of the 3,084
departments in the NRC sample, 965 had some GRFP activity during this time while 2,119 did not. This
binary model is estimated as a logit, probit, and linear probability model, each with and without fixed
effects. The second step of analysis narrows the sample to departments that have graduate students
with any GRFP success from 2005-2008. We examine how departmental factors vary on the margin
between those departments with any GRFP activity that contained only students who received
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honorable mentions (38%) and those with at least one student who receive an award (62%). We estimate
this model as a logit with fixed effects. Finally, we then examine only those departments with at least
one award-winning student to investigate what factors are associated with higher counts of awards
during this time. In this sample the mean number of GRFP awards is roughly three with a maximum of
43. We test both a Poisson and negative binomial distribution. For each step of the analysis we also
stratify our sample by department type into four groups: engineering, life sciences, math and physical
sciences, and social and behavioral sciences.
For the first component of the analysis, program size and the average number of publications per faculty
have the largest positive effect on any GRFP success such that being in a larger program by quartile is
associated with approximately a seven percentage point increase in the probability of GRFP success and
a one-unit increase in the faculty publication average is associated with an increase of eight percentage
points, on average. Having student workspace is also a powerful indicator and is associated with an
increase of roughly five percentage points in the probability of a department containing a student who
receives a GRFP award or honorable mention. When stratified by field, the social and behavioral sciences
and engineering programs are driving the benefit of larger program size. Meanwhile, the effect from
average faculty publications is strongest for life sciences and social and behavioral sciences. The
presence of student workspace is only a significant indicator for those in engineering and math and
physical science fields.
When examining the subset of those departments containing at least some students with demonstrated
success – in reference to the second component of the analysis – program size and average faculty
publications are again driving indicators of success. However, offering prizes or awards to students for
teaching or research and having regular graduate program meetings are negatively associated with
students in the department obtaining GRFP awards. Lastly, when examining what factors influence the
count of awards within a program, median time to degree and student proposal support also emerge as
positive indicators, while prizes become a positive indicator.
Overall, program size and average faculty publications are consistent and positive indicators of GRFP
success. These analyses examine what components of graduate training impact receipt of a prestigious
dissertation award, which proxies for research promise. Understanding the educational environment is
not only key to promoting better training of our graduate workforce, but also offers insights into the
potential causes leading to early-stage innovative success.

The effects of scientific age, oversea experience in research productivity? An analysis of
Distinguished Young Scholars in China
Gangbo Wang
The Distinguished Young Scholars programme is a funding instrument of National Natural Science
Foundation of China, which provides career development support and funds scholars below the age of
45. It has become one of the most important funding sources for young scientists in China. A sample of
China-based research scientists working in chemistry and receiving the Distinguished Young Scholar took
part in the study. Employing publication data from Web of Science database and CV data from websites,
this paper studies the differences in research performance of these scholars before and after receiving
the DYS fund. It also examines how the factors, including overseas experiences, academic age and
working mobility, influence research performance of these scholars. This analysis provides some
interesting findings. The first highlights that after getting the DYS fund, the scholar’s research
productivity becomes more outstanding. The second presents that scientific output of these scholars
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peak in the age of 38-40, and research productivity of the scholars with oversea experiences are higher
than those without oversea experiences. Finally, it derives policy implications.

Age and the Trying Out of New Ideas
Mikko Packalen and Jay Bhattacharya
Older scientists are often seen as less open to new ideas than younger scientists. We put this assertion
to an empirical test. Using a measure of new ideas derived from the text of nearly all biomedical scientific
articles published since 1946, we compare the tendency of younger and older researchers to try out new
ideas in their work. We find that papers published in biomedicine by younger researchers are more likely
to build on new ideas. Collaboration with a more experienced researcher matters as well. Papers with a
young first author and a more experienced last author are more likely to try out newer ideas than papers
published by other team configurations. Given the crucial role that the trying out of new ideas plays in
the advancement of science, our results buttress the importance of funding scientific work by young
researchers.
Full paper available at: www.nber.org/papers/w20920
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Differences in Science Based Innovation by Technology Life Cycles: The case of solar cell
technology
Kazuyuki Motohashi
There are many studies that deal with the importance of the role of the science sectors, such as
universities and public research institutions, in the national innovation system. The contribution to
technological innovations in industry and economic growth by scientific research (university research)
activities themselves has been identified. However due to its multi-faceted nature, technology transfers
from the public research sector to the private one are not so simple as in-sourcing of ready-made
technological contents to be plugged into innovation processes at firms. Gilsing et al. (2011) reviewed
this nature by the type of transfer mechanism, i.e., either indirect knowledge flow through publications
and patents or direct interactions between universities and firms by joint research programs. It was
found that the former mechanism is relevant in “science-based regimes”, where the nature of scientific
knowledge is basic, while the latter mechanism is important for “development based regimes”, based
on more applied knowledge jointly created by universities and industry. This study is based on the past
literature of cross industry that looks at the nature of innovation, and is rooted in a seminal paper on
the taxonomy of innovation by Pavitt (1984), but we are looking at the contribution of scientific findings
to industrial innovation by the technology life cycle (TLC) of a specific product, solar cells.
The concept of TLC is based on the technology evolution within certain industries or product categories
over time. An emergence of a new product often comes with a breakthrough or a radical innovation
which makes technological discontinuity. In Utterback’s seminal work, presenting the Dynamics of
Innovation Model, this first phase of TLC is called “fluid”, where product innovation dominates and a
variety of products and technologies are introduced to the market. Then, in a process of market
competition by a variety of technologies, a dominant design, i.e., the winner of a market competition,
gradually emerges. This phase is called “transitional” where the transition from product innovation to
process innovation can be observed. After the dominant design is determined, the TLC moves to
“specific”, where incremental innovations based on the dominant design drive market competition. In
the specific stage, process innovation to improve product performance becomes important.
In order to control for potential bias in patent citation indicators by the differences in the institutional
framework related to UIC across time periods and countries, we focused on one country and a particular
time period. As for country selection, we used patent data filed by Japanese firms and public research
institutions including universities, since Japanese applicants have the largest share of patents in our
datasets as shown in the previous section. In addition, we have identified that all of the top 10 applicants
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are Japanese firms such as Sharp Corporation, Canon Inc., and Panasonic Corporation. As for the time
period, we used the data from 1998 to 2007. This period starts in 1998 when active Japanese UIC policy
began with the introduction of the Technology Licensing Organization (TLO). For this time period, we
compared silicon type (already in the transitional phase) and dye-sensitized solar cells (still in the fluid
phase) to see the differences by TLC.
Our empirical analysis suggest that it is valuable to pay attention to UIC’s potential to contribute to the
creation of commercially important inventions in the later stage of TLC, but not in the earlier stage where
broadening the technology scope is important. In evaluating the UIC policy program, one should take
into account the heterogeneous nature of UIC activities. We should evaluate the UIC not only by judging
the value of outputs created through it, but also by recognizing the effect on the capability building of
companies. Both at the earlier and later stages, UIC seems to have positive impacts on the capability of
companies. Therefore, it might be effective for policy makers to promote UIC further as a capability
building opportunity as well as an output enhancement opportunity in order to promote solar cell
innovation and other innovations.
For the companies, it is also valuable to utilize UIC strategically as a capability building opportunity as
well as an output enhancement opportunity, and there might be more chances to apply UIC to build the
competitive advantage especially in the later stage of TLC. For both the fluid and transition phases, UIC
activities are important for absorptive capacity building, but in different ways. In the earlier stage, the
major objective of UIC activities is to create technology acquisition and assimilation capability, while in
the later stage, using researchers with UIC experience is helpful for enhancing transformation and
exploitation capability.

Innovation, skills, and creativity in Norwegian enterprises
Mark Knell
Background and research question. The creation, transfer and use of new knowledge depend critically
on supporting and cultivating creativity and skills within the enterprise. This idea of innovation dates
back to at least the time of Adam Smith who explained how skills and creativity could lead to higher
productivity through a more sophisticated division of labor. As the division of labor evolves into new and
different tasks, some tasks will appear routine and require little knowledge, while others may be
knowledge intensive and require certain cognitive, learning and creative capacities. In a similar way,
Schumpeter provided the entrepreneur with the creative ability to combine already existing knowledge
in different ways. The idea of creative destruction meant that old products, processes and organizational
methods were destroyed and replaced by new ones. What we sometimes call the knowledge economy,
parallels the ICT revolution, and blurs the line between routine tasks and knowledge intensive tasks.
This paper is mainly about how creativity and skills within the enterprise can bring about different types
of research and innovative activities. It focuses on certain creative activities within the firm and how
they might affect the innovation process. It is not about the creative industries per se, but on how
enterprises gain access to relevant creative skills and stimulate new ideas or creativity among its staff.
Innovation and creativity are highly related, but the main premise of this paper is that innovation uses
creativity by turning creative ideas into economic use as new products, processes organizational
practices, and marketing strategies. The objective will be to demonstrate whether different methods to
stimulate new ideas and creativity are successful or not and whether they lead to new research, or
product, process and other types of innovation. It will also consider whether these methods are
relatively more important in enterprises of a certain size, particular industry and form of ownership.
Methodology. The Norwegian survey on R&D and innovation of business enterprises for 2010 contains
a unique set of questions on creativity and skills. It was a compulsory survey that sampled all firms with
a population of at least 50 employees, and drew a stratified random sample covering about 35 per cent
of those firms with 5-49 employees. Almost 6,600 enterprises responded to the survey, which is ideal
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for econometric modeling. Unlike labor force surveys, this survey asked whether the enterprise
employed eight different skills whether in-house or obtained from external sources and whether they
successfully used one of six different methods to stimulate new ideas or creativity among the staff. The
skills included graphic arts, product design, multimedia activities, web design, software development,
market research, engineering, or statistics and database management. And the methods to stimulate
creativity included brainstorming sessions, cross-functional work teams, job rotation, financial
incentives, non-financial incentives, and training activities that stimulate new ideas or activities. Many
different combinations can be made between these variables and traditional measures of R&D and
innovative activity
A binary response model (in this case a probit model with a maximum likelihood estimator) together
with descriptive statistics is ideal for capturing information contained in the Norwegian survey on R&D
and Innovation as virtually all of the questions on R&D and innovative activities as well as creativity and
skills can be put into this format. Following Schumpeter, the CIS 2010 includes four types of innovation
that the model wishes to explain: 1) new or significantly improved products; 2) new or significantly
improved production processes; 3) new organisational methods; and 4) new marketing concepts or
strategies. Independent variables include novelty, creativity and skills, among other determinants
contained in the questionnaire.
Conclusions. Preliminary findings indicate that about 12 per cent of the innovative firms report they have
been successful at using brainstorming sessions; almost 10 per cent were successful at using nonfinancial incentives for employees; just over 10 per cent supported training in how to develop new ideas
and creativity; almost 10 per cent created multidisciplinary or cross-functional work teams; 8 and a half
per cent were successful at using job rotation or staff; and more than 7 per cent found financial
incentives to develop new ideas to be important. The paper will provide conclusive results on the
influence of the creative process in Norway on its innovative and research potential.

The virtue of industry-science collaborations
Dirk Czarnitzki
This article analyzes the potential benefits of industry-science collaborations for samples of Flemish and
German firms. A firm collaborating with science may benefit from knowledge spillovers and public
subsidies as industry-science collaborations are often granted preferred treatment. I shed light on the
potential spillover and subsidy effects by estimating treatment effect models using nearest neighbor
matching techniques. For both countries, I find positive effects on business R&D. Firms that engage in
industry-science collaborations invest more in R&D compared to the counterfactual situation where
they would not collaborate with science. Furthermore, within the sample of firms collaborating with
science, a subsidy for collaborating with a public research institution leads, on average, to higher R&D
in the involved firms. Thus there is no full crowding out of subsidies targeted to science-industry
collaborations.

Session 15.d: Evaluation of Broader Impacts
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Altmetrics: Tools for Measuring Impact or Enabling Serendipity?
Britt Holbrook
This paper addresses the issue of developing metrics for assessing the broader societal impacts of
research. Key questions include whether quantitative metrics or peer review are better tools for
measuring broader impacts; whether scholarly impact is distinct from broader societal impact, and
whether each needs its own assessment tool; whether altmetrics are currently designed to measure
broader societal impacts; and whether altmetrics might be designed to encourage serendipity.
The paper begins with a consideration of the approach to applied ethics known as ‘Principlism’.
Principlism was developed by Beauchamp and Childress specifically in order to provide a framework for
decision making in a bioethical context. Importantly, perhaps, Principlism was not developed as an
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overarching ethical theory; it was designed with a particular use in mind. Beauchamp and Childress
designated four principles for bioethics:
1. Autonomy
2. Non-maleficence
3. Beneficence
4. Justice
The principles were meant to provide a framework, based in common morality, to allow us to justify
more specific policies and rules for biomedical human-subjects research.
Principlism was subject to two main, yet roughly opposite, criticisms: adherents of Impartial Rule Theory
argued that the principles were insufficient to provide enough guidance to decision making; adherents
of Casuistry argued that beginning with principles was akin to imposing a prejudgment on the specific
case. The difference between the criticisms of the Casuists and the Impartial Rule Theorists really boils
down to how determinate judgment ought to be. For the Impartial Rule Theorists, we need to specify
principles to the level of rules, at least, in order to guide decision making. For the Casuists, that would
overdetermine our judgment of cases, which really ought to rest on reflective judgment (rule-seeking
rather than rule-following). Put differently, the Impartial Rule Theorists claim that principles
underdetermine our judgments and the Casuists claim that principles overdetermine our judgments.
There are two main ‘mechanisms’ for establishing impact: 1) peer review and 2) quantitative metrics.
Critics of peer review argue that it underdetermines our judgments of impact – it’s too subjective,
biased, and not well-suited to judge impact (no experts, hence no peers). Critics of metrics argue that
they overdetermine our judgments of impact – they’re too ‘objective’, lack nuance, and not well-suited
to judge impact (they sneak in judgments, which are black-boxed and made available to use by those
who lack judgment). This polarizes the debate about how to judge impact and increases our focus on
the means, rather than the ends, of impact. That’s a mistake. Some, e.g., Pielke and Byerly (1998), argue
that peer review should be used to judge scholarly impact and metrics should be used to judge broader
impacts. Some in the altmetrics community have run with this idea (though they might favor
bibliometrics for judging scholarly impact and ditching peer review altogether).
The peer review vs. metrics and scholarly vs. broader impacts groups tend to see two totally different
kinds of impact: scholarly and broader. Another view is that, although there may be a difference in
audience, scholarly works can have broader impacts; and ‘broader impacts’ activities, such as education
and outreach (broadly construed), can inform research.
To resolve these disputes, I argue that we should focus on the purpose of judging impact. This is where
serendipity comes in. If one sees peer review as a guardian of academic autonomy from society (since
accountability is determined relative to our peers), one might be tempted to add a demand for societal
metrics (as do Pielke and Byerly) to balance out autonomy with accountability to society. This model
works if we see two different types of impact. But what if we see one sort of impact? I think that the
idea of serendipity (finding something useful when looking for something else) might allow us to design
tools to produce impact – high quality research that also has an impact on audiences beyond our
disciplinary peers.
References
Pielke, R., & Byerly, R. (1998). Beyond basic and applied. Physics Today, 51(2), 42-6.

Mechanisms of Societal Impact of Publicly Funded Research: Models and Evidence
Juan Rogers and Diana Hicks
Motivation
Public funding for scientific research is now in an “era of accountability.” Government budgets for
research that is not directly oriented to specific government missions are either not growing or even
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shrinking. Competition for scarce resources is fierce and scrutiny of proposed research for its added
value beyond the potential contribution to the stock of knowledge is growing in intensity. Funding
agencies have institutionalized the criterion of “broader impacts,” that is, benefits of the proposed
research of a societal nature beyond advancement of the field and education of future researchers.
The increased scrutiny of proposed research for its potential societal benefits is not accompanied by
much greater understanding of mechanisms by which research produced in an academic setting might
lead to them. The implicit assumptions, in spite of frequent, and often dismissive, protestations to the
contrary, are analogous to the maligned “linear model of innovation.” Without an assumption that
knowledge produced in research contains all of the capacity to produce said benefits in itself, it is not
rational to require that proposals predict them. Having said this, though, it is not productive to reject
the expectation that publicly funded research somehow leads to societal benefits. A fundamental pillar
of the legitimacy of funding academic research with public funds rests on this expectation.
Analysis
This paper will review the literature to find and classify the available models of mechanisms by which
research is deemed to produce societal benefits, or “broader impacts,” beyond the scholarly community.
The review will include the scholarly literature to determine the state-of-the-art on mechanisms of
research impact. This literature is expected to contain several approaches to the phenomena by which
research impact occurs. The review will also include key documents in the “grey” literature, such as
agency reports, special committee reports and position documents that propose measures to enhance
the realization of value from research. Key exponents of this literature are available from the funding
agencies and government document repositories. The objectives and standards for these publications
are different from scholarly articles. However, their influence is very significant since they often inform
directly the rules that govern the submission and review process for research proposals.
The main categories by which these approaches and models may be classified will be determined and
basic typologies of models will be developed. One such category distinguishes explicit and implicit
models. Explicit models are those articulated on the basis of analysis of evidence or offered as a
hypothesis on the mechanisms by which research may lead to observable impacts. Implicit models are
those found in expressions about impact that rely on assumptions about the means by which such
impact might have occurred but are not articulated on the basis of reported evidence. Both sorts of
models are important since the former are the result of existing scholarship on the matter and the latter
are inherent in widely held beliefs about how impact from research happens. The main assumptions
leading to implicit models will be identified and classified.
A second criterion will be whether models are derived from systematically gathered and analyzed
empirical knowledge or not. This is a critical criterion to assess the contents of articles and reports. The
discourse on research impacts is vast and diverse but much of it does not rest on systematic research on
the phenomena that underlie the assumed mechanisms by which these impacts occur. As a result, it is
not clear how much is actually known about the mechanisms and processes of impact.
A third criterion has to do with the dependency of the content of the model on a specific field of scientific
activity. One would expect the mechanisms by which research leads to societal benefits in health, for
example, to be different from computer science.
A general working hypothesis for this review is that the arguments brought forth to support the
introduction of criteria to assess grant proposals on their potential to produce broader impacts do not
reflect the available empirical knowledge of research impact mechanisms. The main areas in which we
expect to find this are in recognizing the differences in mechanisms of impact across fields of research
and in the degree to which it is reasonable to expect researchers to make predictions on such impacts.
Findings
The main outcome of this task will be a list of models, a typology to classify them and an analysis of the
phenomena of research impact that the models address as well as the gaps in the phenomena that the
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array of approaches seems not to cover. It will be accompanied by an assessment of the evidence that
is brought to bear on each class of models and their plausibility as actual accounts of research impact
mechanisms.

Philosophical Issues Surrounding ‘Impact’
Robert Frodeman
Demands that publicly funded scientific research demonstrate its larger societal relevance have become
a political commonplace. In the US, for instance, talk of ‘broader impacts’ at the National Science
Foundation appeared in 1997, when the agency changed its criteria for the ex ante review of the
approximately 50,000 proposals it receives each year.
The US may have gotten an early start on the development of an accountability culture, but the US now
arguably lags in theory of impact assessment. The US has nothing similar to Britain’s 2014 Research
Excellence Framework (REF). Of course, on some accounts the REF is no triumph: former NSF Program
Director Julia Lane rejects the REF’s reliance on ‘stories’, i.e., case studies, favoring instead employment
counts collated by a database called STAR Metrics (Jump 2015).
Nonetheless, an increased focus on impact is common across all nations. But in the pell-mell pursuit of
impact we have neglected to do some first order thinking on what precisely we mean by the term.
Underlying our accountability culture’s focus on increasing impact is a simple set of assumptions: impact
= good, great impact = better. It is time that we stand back and review the concept. For once considered,
the pursuit of impact raises as many problems as it seems to solve. In response, this talk offers an
epistemology and an ethics of impact.
This critique will be framed in a number of ways. To begin with, it will raise the question of harmful
impacts—what are sometime called grimpacts. A moment’s reflection is enough to show the vacuity of
the notion that impacts are always beneficial. Take the case of the natural environment: it is clear that
in any number of cases (climate change, the loss of biodiversity) humanity is having both too many and
too severe of impacts. In the future, progress in the environmental realm will often consist of lessening,
eliminating, or even reversing our impact. This raises the possibility of pursuing the goal of what might
be called negative impact, where the anticipated impacts of research consist of removing previous
impacts.
Moreover, environmental examples like these highlight the implicit monism underlying our talk of
impact. Discussions of impact have assumed that the plurality of possible impacts (economic, social,
environmental, and cultural; see Donovan’s (2008) ‘quadruple bottom line) all somehow end up pointing
in the same positive direction. There is little discussion of the fact that a ‘positive’ economic impact may
at the very same time be a ‘negative’ social or environmental impact. So, for instance, continued
economic development often comes at a cost to the environment; or the development of driverless cars
can threaten the livelihood of the 6 million people in the US who drive vehicles for a living. Or to pick
another example, China’s economic ‘progress’ has come at the cost of incredible air pollution.
There is also a Marxist point to be made concerning the notion of impact. Impact and its close kin
‘innovation’ embody the assumption, basic to a capitalist system, of the desirability and indeed the
necessity of infinite progress and infinite growth. A ‘healthy’ economy is one that grows at 3% per
annum; 2% growth is ‘anemic’ and a steady state economy is considered a disaster. Thus the advocates
of increased impact (‘impactors’?) are at least implicitly cornucopian: like Julien Simon, they must
embrace the notion that human creativity is the ultimate resource that can trump whatever material
limitations we run into. Similar are proactionaries like Steve Fuller (e.g., Fuller 2011), who advocate
striving for maximum impact of technoscientific development, figuring we can clean up any possible
mess later.
This argument will also explore the question of what should constitute ‘impact’ in the humanities. It it
possible to argue that the humanities should not be seen as being about ‘impact’ at all, but rather
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something more like ‘affect’. By affect I mean a shift from the Newtonian biases of ‘impact’, where
something whacks into something else like a car crash, toward more subtle quality of life indices such as
personal satisfaction and belongingness. The humanities could then be seen as challenging the tacit
economism of impact-talk: learning to appreciate a Picasso painting, a Keats poem, or a walk in the
woods is about expanding your imagination and sensitivity to life rather than having an impact on
something or someone else. This also suggests that it may be worthwhile to explore the ‘happiness’
literature within sociology (e.g., Lane 2000) on the futility of increased income/economic growth, as a
possible check on a simplistically economistic way of valuing life.
The goal of this talk will be to move from simple-minded (and destructive) talk of impact to other wider,
more subtle, and less presumptive notions such as effect and affect.

Session 15.e: International Collaboration
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Evolutionary convergent patterns of international scientific collaboration
Mario Coccia and Lili Wang
International scientific collaboration has received much attention by scholars since it is a main feature
of scientific communities across different research fields. Research collaboration can take place at
different levels: individual researchers, research teams/labs, departments, universities, sectors and
nations. In economics of science, it is crucial to analyze the collaborative pattern of scientific fields in
order to understand their vital characteristics and evolutionary dynamics.
Frame and Carpenter (1979) have analyzed, considering 1973 data, the international collaborative
patterns of some scientific fields. Starting from this pioneering work, the purpose of this paper is to
investigate the international co-authorship of research institutions using new data (1997-2012 period)
and to compare the results with earlier studies to detect main characteristics (regularities) concerning
the basic structure and evolutionary dynamics of different scientific fields over time.
This study focuses on institutional collaborations in scientific fields based on article counts from the set
of journals covered by the Science Citation Index and Social Sciences Citation Index in the data set by
National Science Foundation (2014). The Published articles in all scientific fields are classified by coauthorship attribute (total articles with domestic institutions only, total articles with international
institutions). These international co-authored papers across scientific fields are analyzed considering a
sample of forty countries that accounted for 97% of the worldwide total output in the studied period.
This study also considers a sub-set of 11 Western countries in order to provide results comparable with
the study by Frame and Carpenter (1979). The methodology computes per scientific field i the total
intensity of international co-authorship papers (ICPit ) during the period 1997 - 2012. The results of this
study are compared with earlier studies by Frame and Carpenter (1979) and Luukkonen et al. (1992). To
put in a comparable framework, all the values ICPit per research field i in some key years t, are
standardized.
This study provides insights on the main characteristics of the evolutionary process of research fields by
international research collaborations. In particular, empirical analysis supports two vital findings, given
by:
a) although the unparalleled growing intensity of international collaborations in different scientific
disciplines, the general structure of evolutionary pathways of research fields seems to be unchanged, so
far;
b) a convergent process of theoretical and applied research by new pathways of international research
collaborations. This convergent process can be driven by two main simultaneous forces:
•
High growth rates of international research collaborations in some research fields such as
medicine, geosciences, psychology, and biological sciences (mainly applied sciences)
•
Low growth rates of international collaborations in other research fields, mainly theoretical ones
such as mathematics, chemistry and physics.
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Potential determinants of this evolution of scientific patterns, based on different rates of growth of
international research collaborations between applied and theoretical sciences, can be the increasing
interdisciplinarity of current research fields and very strong impact of emerging disciplines (e.g. such as
nanoscience, nanotechnology, biotechnology, cognitive science, computational biology, bimolecular
physics, bioengineering, etc.).
This ongoing interdisciplinarity of both emerging and traditional scientific fields, associated to
technological advances, tends to induce a convergent process between basic and theoretical research
fields considering their intensities of international research collaborations.
The results of this study show that the evolution of applied and theoretical sciences is changing by a
convergence of intensities of international research collaborations across different research fields that
may due to a strategic change to take advantage of important opportunities of interdisciplinary
approaches for the solution of more and more complex problems necessary to modern societies and
economies.

How to measure the level of S & T International Cooperation
Jinwon Kang
As the importance of globalization is increasing, the measurement of globalization level of S&T is useful
for the establishment of science, technology and innovation policy. There are many indicators showing
the level of globalization such as sources of R&D funding from abroad, the number of triadic patent
families, international co-operation in science, and technology balance of payments, etc. But there are
few indexes to integrate the diverse indicators related to the S&T globalization. The objective of this
research is suggesting the globalization index to show the extent of S&T globalization in the national
level. This research is going to suggest the way how to measure the extent of S&T globalization regarding
the national innovation system.
In this paper, the scope of globalization is restricted to S&T international cooperation and covers
resources, networking, performance and related infrastructure. Therefore, globalization indicators can
be classified into the mobility of R&D resources (capital and HR), R&D cooperation networking, R&D
cooperation performance and R&D cooperation conditions.
The indicator-frame gives insights to find optimal level for the globalization of national innovation
systems. The main indicators are selected regarding comprehensiveness, utilization and international
comparability. In the case of mobility of capital, this is narrowed down to the R&D over FDI. The mobility
of HR contains Student mobility inbound and outbound (per 1000 habitants) and Foreign recipients of
US S&E doctorates by country. The number of doctorate holder is supplemented for worker mobility
due to the absence of data. Networking can be measured the result of joint activities in terms of Ratio
of Co-patenting according to inventors' country of residence and Ratio of international collaboration on
S&E articles, by selected country. Performance part is classified into paper, patent and technology trade.
Cooperation conditions consisted of attractiveness and share of foreign enterprises. The living condition
and research environment should be regarded through the improvement of measurability of related
data in the future. Before combine indicators to form index, the relation between globalization and NIS
will be investigated to facilitate finding optimal level of globalization. There are some discussion about
the relation between the globalization and the national innovation system. Normalizing and weighting
indicators are followed by drawing globalization index. The normalized values can be obtained as the
comparative ratios over indicators' maximum value. The normalized values of Korea indicates that the
levels of globalization are generally low and indicators of FDI and technology flows are worst level in
comparison with those of the best countries.
In order to draw globalization index, the indicators are combined regarding weighting factors. In this
process, weighting factors will be fitted so as to maximize the national innovation capacity. This index
can give information about optimal level of globalization in terms of the mobility of resources,
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networking, performance and conditions. This research was focused on the building-up of the indicatorframe and selection of main indicators. The main indicators were selected and normalized and combined
with weighting factors regarding national innovation capacity. This index gives policy makers insight for
establishment of STI policy by providing the proper level of S&T globalization and its comparison with
other countries.

Spatial dynamics of international collaboration in science
Lili Wang, Mario Coccia and Bart Verspagen
Scientific collaboration has been widely acknowledged to be efficient in managing time and labour in
research labs (Coccia, 2014; Solla Price and Beaver, 1966), to improve research quality (Presser, 1980;
Narin et al., 1991; Katz and Hicks, 1997) and spur the breakthroughs of scientific research for supporting
competitiveness (Coccia, 2012). Along with the increase of international scientific collaborations, a
better understanding of the structure and evolutionary pattern of the global research network across
geo-economic areas are needed for scholars and policy makers.
The high heterogeneity across countries – in terms of size, scientific capacity of the national system of
innovation, etc. – generates a variety of patterns of the international research collaboration (Melin,
1999; Narin, et al., 1991; Ozcan and Islam, 2014). A main issue in economics of science is to determine
how and to which extent countries are engaged in international research collaborations in order to
understand the behaviour of knowledge flows and to design research policies for improving the scientific
research production, which enhances national competitiveness of sectors.
The purpose of this research is to investigate the evolutionary pattern of international research
collaborations across countries. Special emphasis is placed on two complementary collaboration
typologies: intra- and inter-collaborations. The former refers to research collaborations conducted by
countries within their geographical area (e.g. countries within European area); the latter refers to
research collaborations engaged by countries with different geographical areas (e.g. a European country
with an Asian one). Higher intra-collaborations of countries indicate that scientific cooperation is more
and more bounded within certain geographical territories, while higher inter-collaborations signals the
fade of geographical limit.
The main research questions of this paper are: • How does the distribution of international
collaborations across countries evolve over time? • What type of research collaboration (inter- or intra) plays a more important role in re-shaping the global collaborative scientific network across geoeconomic areas?
The data of this study are collected from publications in academic journals covered by the Science
Citation Index and Social Sciences Citation Index. In particular, this study refers to a dataset by the
National Science Foundation (2014)-National Center for Science and Engineering Statistics, special
tabulations from Thomson Reuters (2013), SCI and SSCI. Collaboration data cover two years 1997 and
2012 and 40 countries. These 40 countries produce about 97% of the global total articles over 19972012. The 40 countries are classified into eight geographical areas: North America, South America,
Europe Union, Other Europe, Middle East, Africa, Asia and Australia/Oceania.
The method of research is based on three main steps: Firstly, to analyze the worldwide distribution of
international collaboration, this study uses the Lorenz curve and Gini coefficient. Secondly, to map the
research connections between countries, both absolute collaboration output (number of articles) and
collaboration intensity (similarities) are considered. This study applies Salton and Jaccard indexes that
are reliable metrics of collaboration intensity. Thirdly, from a dynamic perspective, this study applies
network analysis to explore the structure of international collaborations and its changes from 1997 to
2012. In particular, this study focuses on intra- and inter-scientific ties across countries within the global
research network. Fourthly, the spatial pattern, in particular correlation between collaboration and
spatial distance, is further examined by Mantel test and Mantel correlograms.
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The main lessons learned of this research can be synthesized as follows. First, the distribution among
the under studied 40 countries is more and more balanced. Nevertheless, it is worthwhile to note that
the distribution of total publications is more divergent than internationally co-authored papers. Second,
in the process of evolution of international research collaborations, results show a significant difference
between intra- and inter- collaborations. In all geographical areas, except European Union, the intracollaboration interrelationships exhibited a steady-state pattern, whereas scientific inter-collaborations
in the global network research structure have risen dramatically. Third, from a dynamic point of view,
the comparison of 1997 and 2012 research networks shows that inter-collaborations (between countries
belonging to different geographical areas) have grown significantly in the later years, whereas the
scientific connection strength between major intra-collaborative partners stayed mostly unchanged.
Finally, our result shows that the change of international collaboration structure is not driven by
proximity. The correlation between changes of collaboration intensity and proximity, if there is any,
exists in certain distance classes.

Bilateral and multilateral coauthorship and citation impact: intenrational collaboration in the
Fourth Age of research
Jonathan Adams and Karen Gurney
Contrary to many assumptions, international research collaboration at both national and institutional
level is mostly with only one or two partners, usually among other research-intensive economies and
organisations. For the USA and UK, we show that highly multinational research is growing but remains
very scarce (<1% total output). The ‘citation bonus’ that international collaboration contributes is
specific, limited and needs to be interpreted with some care. This analysis does not contradict prior work
on the emerging Fourth Age of Internationally collaborative research but adds nuances to interpretation
regarding the ways international partners do or do not add citation impact to collaborative work, and
the limits to such additionality. Gains look different for the same country when seen in two-country and
multi-country collaborations. While benefit does increase with partner number, it plateaus with seven
co-authoring countries. This has implications for policy and management. We also suggest that highly
multinational papers are best excluded from routine citation analysis, which they distort.
The four most prolific research-publishing countries are the US, China, UK and Germany. Since these
four published 5.4 million papers among 10.7 million papers globally indexed on Thomson Reuters Web
of Science during 2002-2011 (i.e. around half the recent global total), it is reasonable to assume that
their collaborative publication activity reflects, or even dominates, the overall global network. We
analysed the relative numbers of purely bilateral, trilateral and quadrilateral papers for this leading
group.
Note that the UK is evidently more internationally collaborative than the US. But, as has been observed,
collaboration between Los Angeles and Cambridge, Massachusetts involves a greater geographical
distance (around 3,000 miles) than between Cambridge, England and Istanbul (less than 2,000 miles).
These data do not inform us directly about any cultural predisposition to collaborate.
The summary matrix of total and bilateral collaboration between the five countries confirms that the
USA is the most frequent international partner for others. Beyond the G7, the US partners increasingly
often with China with which its 2011 annual total of papers was five times higher than in 2002. In 2010,
for the first time, the US published more papers with a China co-author than with a UK co-author.
Bilateral collaboration is rising, as studies elsewhere demonstrate. The deconstructed 2002-2011 data
for trilateral and quadrilateral collaborative papers provides a balancing illustration, however, that
reflects the diverse underlying spread of trilateral papers and the rarity of papers with four or more
countries. For example, almost 14% of UK papers have a US co-author and 7% have a German co-author
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but less than 2% have co-authors from both. Trilateral papers with either of these and China make up
less than 0.5%. Quadrilateral papers with these, the largest research economies, are 0.2% of UK output.
UK bilateral papers with the US have a clear citation gain over France and Germany, but UK-China papers
remain at or around world average citation impact (1.0). However, if there is any citation gain from year
to year with single partners (which might be inferred for France and Germany), then it is functionally
small: the average impact of UK-Germany and UK-France papers is little different to that of the overall
UK average (around 1.45 compared to world average at 1.0).
It is among the relatively small number of papers with many partners that a pattern emerges that may
explain both the effect of multi-national co-authorship and its limitations. It becomes evident that for
each additional partner country up to six (i.e. a total of 7 collaborating partners) there is a gain in average
normalised citation impact, until the average reaches 4.0. Papers with 8-20 co-authoring countries show
no further gain.
UK papers that have 20 or more collaborating countries have, if treated as a single group, a higher
average citation impact but there is no statistical relationship between impact and authorship: the
pattern is chaotic. Some papers with 20-30 partner countries have citation impact in excess of 20 times
world average while some with 40 collaborating countries have far less.
This analysis has convinced us that papers with more than 20 collaborating countries should be regarded
as a different category or mode of publication. They are very few in number, quite concentrated in
disciplinary diversity but sometimes have an exceptional citation impact. Their scarcity makes them
difficult to analyse further since they are the outliers in any dataset but if they are part of a sample then
they may have a strongly skewing effect on any indicators based on average citation counts or average
citation impact.
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From the Cosmos to the Legislative Chambers – how scientists can inform state policy
Amber Mace, Susan Hackwood, Doug Brown and Annie Morgan
This presentation relates to the overall theme of the conference by discussing how information is used
for societal benefit and highlights a unique and interdisciplinary approach to integrating science and
policy at the state level. This presentation highlights a growing career opportunity for scientists who are
exploring careers beyond academia.
Science and technology are inextricably interwoven into policy decisions that affect the fabric of society.
Whether the issue is complex, such as economic growth, public health, and environmental sustainability,
or simple, such as the choice of technology by which we register our votes in an election, policy decisions
often have important scientific and technical components. Federal policymakers have a variety of
sources of objective, credible and relevant scientific and technical advice, such as the National
Academies and AAAS. State decision makers–Governors and legislatures alike–have few if any analogous
organizations. The history of efforts to provide S&T advice to State policymakers is largely one of ad hoc
and temporary efforts. Yet States are increasingly playing the role of policy laboratories, in e.g.,
education, health care, technology innovation, energy and environmental policy. In turn, having
scientists and engineers with real world knowledge of what issues policy makers face is equally
important. This presentation will explore existing and new efforts to bridge the cultural divide between
State policymakers and the scientific and technical communities, focused on the effort in California.
The State of California has one of the largest economies in the world, driven largely by science,
technology, and innovation. Yet among elected and appointed officials in our State government – and
including their staff – there are woefully few with deep backgrounds in science and technology. In 2009
the Legislature passed Assembly Bill 573 (Assemblymember Anthony Portantino, D-Pasadena) that
created what has become a highly regarded program, the California Council on Science and Technology
(CCST) Science and Technology (S&T) Policy Fellowship, which integrates PhD scientists and engineers
171

into the legislative policymaking process. The intent is for lawmakers to have access to impartial experts
in science who serve as a trusted member of the legislative team to help inform legislation that will
successfully support the state’s long-term policy goals and benefit its residents. CCST carefully selects
ten PhD-level scientists to serve in a year-long Fellowship in the California Legislature, where they
become integral to the legislative teams that address complex issues and bring their superb research,
analytical and problem-solving skills – the “scientific method” – to science and non-science issues. They
truly become part of the legislative process and, in the five years the program has been underway, they
have had a major impact on policy in California.
The program is designed to enable Fellows to work hands-on with policymakers in addressing complex
scientific issues as well as assume all the other legislative responsibilities of full-time legislative staffers.
The Legislature benefits from having the expertise of a trained PhD-level scientist who brings significant
analytical, problem solving, research, and communication skills applied through the lens of the scientific
method. The Fellows gain an invaluable, hands-on learning experience about the intersection of science,
technology, and policy.
To support the Fellows’ transition from academia to the policy world, CCST offers an intensive, monthlong training program as well as professional development throughout the year. After five years, more
than half of the nearly 50 Fellows have chosen policy careers such as state and federal government and
nonprofit organizations, and others have taken their understanding of policymaking to other
professional careers including returning to academia, industry or federal laboratories.
CCST leadership and program staff have learned a great deal during the first five years of the program
and have continually adjusted management approaches and program design. Lessons learned include:
the program must have support from policy leadership; linking science with policy is new to most
funders; Fellow selection is key; training Fellows is critical; and outcome measurement is challenging.
It is clear that the Fellowship program has succeeded in bringing strong science and technology advice
to the policymaking process, and, as evidenced by the number of former Fellows who have transitioned
from scientific research into careers in government and non-profit organizations, it has provided lasting
opportunities to blend science and technology with public policy.

Participation dynamics in crowd-based knowledge production: The scope and sustainability
of interest-based motivation
Henry Sauermann and Chiara Franzoni
Crowd-based production of scientific knowledge is attracting growing attention from scholars and policy
makers. One key premise is that participants who have an intrinsic “interest” in a topic or activity are
willing to expend effort at lower pay than in traditional employment relationships. However, it is not
clear how strong and sustainable interest is as a source of motivation in crowd-based knowledge
production. We draw on research in psychology to discuss important static and dynamic features of
interest and derive a number of research questions regarding interest-based effort in crowd-based
projects. Among others, we consider the specific versus general nature of interest, highlight the
potential role of matching between projects and individuals, and distinguish the intensity of interest at
a point in time from the development and sustainability of interest over time. We then examine users’
participation patterns within and across 7 different crowd science projects that are hosted on a shared
platform, Zooniverse. The data set includes information on the daily activities of over 100,000
volunteers, resulting in over 32 million person-day observations.
A first set of analyses examines the scope of interest-based motivation. These analyses build on prior
research suggesting that interest should be conceptualized as the relationship between a person and a
particular object (e.g., task, project, topic), rather than as a general trait of the person or a general
characteristic of the object. Consistent with the notion that interest is quite specific and that many
project-person pairs fail to result in a match, we find that most members of the installed base of users
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on the platform do not sign up for multiple projects, and most of those who try out a project do not
return. Even those individuals who participate in multiple projects appear more likely to choose projects
in the same scientific field rather than in different fields. Thus, our results suggest that interest-based
motivation tends to be quite specific. At the same time, some individuals appear to have an interest that
generalizes across topics and fields. Interestingly, controlling for the general time trend, contributors
who start with one project and subsequently enter new ones increase their overall level of effort on the
platform, although we also observe some crowding-out of effort in the first project.
Building on the notion that a given person’s interest in a particular object can develop and change over
time, a second set of analyses examined the sustainability of interest. This dynamic analysis shows that
interest declines rapidly, with a large majority of the participants who returned to a project (and thus
were likely an initial match) dropping out within a few weeks. However, we also observe some
contributors whose activity increases over time, especially when we analyze activity at the level of the
platform rather than individual projects, thus taking into account switching into additional projects.
Individual-level heterogeneity in both initial levels of participation and in the dynamics over time
translates into a highly skewed distribution of contributions, with a small share of contributors driving
most of the output of projects.
Overall, it appears that interest can be a powerful motivator of individuals’ contributions to crowd-based
knowledge production, as evidenced by thousands of hours of effort invested in the projects we studied.
However, both the scope and the sustainability of this interest appear to be rather limited for the large
majority of contributors, with many participating only in a single project and only for a few days. At the
same time, some individuals show a strong and more enduring interest to participate both within and
across projects, and these contributors are ultimately responsible for much of what crowd science
projects are able to accomplish.
We discuss implications for crowd science organizers as well as policy makers. In addition, we consider
how insights from the setting of crowd science may inform our understanding of ongoing changes in the
area of “traditional” science, including increasing team size, increasing openness, and a growing role of
internet-enabled collaboration.

Particpatory technology assessment: public values and rationales on nasa’s asteroid initiative
Pierre Bertrand and Zachary Pirtle
Public support and interest are needed to design an ambitious human spaceflight program. “Taking the
public along for the ride” is crucial for the future of space exploration, as emphasized by the Space
Studies Board workshop (Smith, 2011). However, sometimes it is difficult to understand what society
values, and it is even more difficult to consider the public prior to actually developing a mission.
Participatory technology assessment (PTA) is a methodology aiming at understanding public perspective
and values to inform government decision-making (Sclove 2010). PTA can particularly play a role of
informing technical decision-making in the early stages of preliminary design. In partnership with NASA,
the Expert and Citizen Assessment of Science and Technology (ECAST) network conducted a PTA-based
forum of NASA’s Asteroid Initiative.
Two citizen forums were organized by ECAST in Phoenix, Arizona and Boston, Massachusetts on
November 2014, with a total of 183 citizens, selected by ECAST to minimize self-selection biases, such
as enrolling too many space enthusiasts. Citizens were briefed during ECAST informational content
sessions on NASA’s asteroid initiative and Mars mission, and had experts answering the public’s
questions via text responses. The goal of the forum was to assess citizen’s values and their preferences
on NASA’s future mission and technology choices. The participants had structured discussions that were
enabled by a facilitator, with NASA personnel not being allowed to interfere with the discussion. This
paper analyzes the citizen discussions and deliberations about the two following topics that they had to
discuss:
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•
Asteroid Detection: Are citizens satisfied with existing asteroid detection approaches? Whom
do they see as being best capable of leading detection efforts?
•
Planetary Defense: After learning about asteroid mitigation approaches put forward a series of
scenarios where asteroids have various percentage likelihoods of hitting the Earth. What levels of risk
do people find unacceptable? How ready do they want planetary defense capabilities to be in case we
hear about an imminent threat?
This paper will analyze the results from the forum deliberation, including a discussion of values and
perceptions the public had about asteroids. Analysis presented will include thematic coding of results,
timeline analysis of how the public reasoned about different levels of threats, as well as an assessment
of how opportunity costs were perceived. We will conclude with insights on how future PTA should be
implemented in terms of scope, topic and participants.
Citations:
Smith, M., Sharing the Adventure with the Public: The Value and Excitement of “Grand Questions” of
Space Science and Exploration, Summary of a Workshop, National Research Council of the National
Academies, 2011
Sclove, Richard. 2010. “Reinventing Technology Assessment: A 21st Century Model.” Published by the
Woodrow Wilson International Center for Scholars: Science and Technology Innovation Program.
Washington,
DC.
Available
at:
[http://www.loka.org/documents/reinventingtechnologyassessment1.pdf]

Session 21.a: Science and Policy Decision Makers

21A

Presidential Science and Technology Policymaking via Executive Order
Mitchell J. Ambrose, Christopher K. Tokita and William E. J. Doane
Background Presidential policy is formally conveyed through multiple mechanisms including, but not
limited to, Presidential Proclamations, Presidential Memoranda, Statements of Administration Policy,
Presidential Study Directives, Presidential Policy Directives, and Executive Orders (EOs) [1 – 3]. EOs are
the most well-known among these types of documents. This is perhaps due to their long history of use
(dating back to George Washington), requirement to be published in the Federal Register, and role as a
medium through which many of the more influential presidential decisions are made available to the
public. EOs cover a broad range of topics such as establishment of advisory committees, imposition of
sanctions on foreign governments, adjustment of Federal employee salaries, and creation of specific
initiatives.
Many EOs have a significant science and technology (S&amp;T) component. Recent examples include
Combating Antibiotic Resistant Bacteria (13676), Preparing the United States for the Impacts of Climate
Change (13653), and Accelerating Investment in Industrial Energy Efficiency (13624). This non-negligible
occurrence of S&amp;T-related topics makes EOs an important corpus to consider when evaluating
presidential interest in S&amp;T issues over time. In addition, discussion and analysis of EOs has often
focused simply on total counts of executive orders per president [e.g., 4]. This motivated us to perform
a more sophisticated study directed toward a particular subset of EOs. We are not aware of other studies
that have taken this comprehensive a look at S&amp;T-relevant EOs.
Analysis After assembling a corpus consisting of the full text of EOs from 1945(the beginning of Harry
Truman's presidency) to the present, we performed various topical, temporal, and network analyses to
discern features and trends in the appearance of S&amp;T-related topics within EOs. An important
temporal aspect of this EO corpus is the change in administration. The corpus spans 12presidencies, six
Democratic and six Republican. Whenever relevant, we assessed similarities and differences among
administrations and political parties.
We identified S&amp;T-related EOs through a variety of means, including mentions of agencies with a
significant S&amp;T mission (e.g., White House Office of Science and Technology Policy, National Science
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Foundation, etc.), topical queries, and manual tagging. We then developed a schema with which to
categorize each S&amp;T-related EO based on its topic and purpose to provide a more uniform means
of comparing EOs in subsequent network and temporal analyses. We decided not to use the National
Archives and Records Administration Executive Order Disposition Table Subject Indexes [5] as a topical
schema because these subjects are too broad for our purposes and only were applied starting in 1993.
In addition to charting the prevalence of S&amp;T topics over time using our manually-assigned
categories, we applied various text clustering methodsto assess textual similarity between EOs and
compared the results with the manual categorization. We then ascertained the extent to which
automated clustering methods can be used to reliably identify related EOs. Having a manually
categorized S&amp;T corpus permitted us to estimate the accuracy of these methods.
One characteristic of EOs is that presidents frequently refer to other EOs within the text of any given EO.
This is usually done to mention related efforts established by other EOs or to amend or revoke certain
EOs (often those of a previous administration). This makes the EO corpus amenable to social network
analysis techniques. After determining the linkages among all EOs in the corpus, we computed various
standard network metrics to characterize how S&amp;T-related EOs are distributed within the overall
network, paying particular attention to the nature of linkages between and within administrations.
Conclusion This paper presents a novel approach to both the analysis of Executive Orders and the
analysis of presidential interest in science and technology issues over time.
References [1] Relyea, Harold. Presidential Directives: Background and Overview. Congressional
Research Service. November 26, 2008. Report 98-611. [2] Chu, Vivian S. and Todd Garvey. Executive
Orders: Issuance, Modification, and Revocation. Congressional Research Service. April 16, 2014. Report
RS20846. [3] Peters, Gerhard and John T. Woolley. “The American Presidency Project.”
http://www.presidency.ucsb.edu/ [4] Mehta, Dhrumil. “Every President’s Executive Orders in One
Chart,” FiveThirtyEight. November 20, 2014. http://fivethirtyeight.com/datalab/every-presidentsexecutive-actions-in-one-chart/ [5] National Archives and Records Administration. “Executive Orders
Disposition Tables Index.” http://www.archives.gov/federal-register/executive-orders/disposition.html

Why IRB's Fail as Guardians of Science Ethics: An Explanation from Bureaucratic Red Tape
Theory
Barry Bozeman
Despite the unquestioned necessity to protect citizens from possible abuses in human subjects research
and despite the good intentions of Institutional Review Board and, usually, researchers reviewed by
these Boards, seemingly remarkable lapses occur to often, damaging not only the research subjects but
also the public image of scientists and scientific research. In the face of well codified and extensive rules
and generally well meaning and hardworking individuals, how does this happen? While there are several
reasons why IRBs sometimes fail in their mission, the argument advanced here is that one of the most
important why IRBs are not as effective as one might hope pertains to the interaction of their
bureaucratic structures with the rules and rule systems to which they are subject. This paper interprets
IRB from the standpoint of red tape theory (Bozeman, 1993; Bozeman, 2000; Bozeman and Feeney,
2011), arguing that if one were to set out to design an organization for the express purpose of ensuring
red tape that IRBs would provide an excellent exemplar of design. Red tape theory suggest that
problems inexorably occur when organizations are unstable and inconsistent in their members, when
they are subject to extensive externally imposed rules that must be applied and interpreted locally and
with considerable discretion, when there is little organizational learning or institutional memory and
when formalism trumps judgment- all rampant with IRBs. The paper concludes with ideas for
organizational reform.
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The Role of Trustees in University Innovation
Sheila Slaughter, Sondra Barringer and Barrett Taylor
This paper explores exchanges between research universities and corporations via individuals who
represent firms while serving as university trustees. We argue that trustees of elite US research
universities serve as channels for exchanges of ideas, human capital, and resources. This proposition
poses important implications for the study of innovation. Numerous studies emphasize channels
between university and industry such as the scientist-entrepreneur interface, technology transfer
structures (e.g., Bercovitz & Feldman, 2011; Colyvas, 2007; Welsh et al., 2008), consultancies and
contract research (e.g.,D’Este & Patel, 2007). Mathies and Slaughter (2013) conceptualized trustees as
channels for innovation. We build upon their work by documenting the exchanges that trustees facilitate
between universities and firms. We ask three questions about these exchanges: (1) Do trustees and
trustees’ corporations enter into exchanges with the universities? (2) If so, what are they? (3) Do they
vary across public and private universities and/or are they based on the extent to which universities are
connected to firms?
MEASURING EXCHANGES
We drew on one year of data (2010) from a NSF funded study of the network of interlocks to firms,
nonprofits and government organizations (see Barringer & Slaughter (in press) for details). To emphasize
variation across sectors and connectivity, we used the public and private universities that were most
(MIT and the University of Pittsburgh (Pitt)) and least (Harvard and University of Minnesota (Minn))
connected to firms. We collected data on exchanges using Internet searches of university and firm
websites for mentions of specific firms, trustees, or universities that were linked in the network.
Searches, which are ongoing, followed a strict data collection protocol, and were rigorously crosschecked. Examples of exchanges that were related to innovation included: joint research, training, and
education; partnerships; donations; and co-developed patents or publications.
SCOPE OF EXCHANGES
MIT’s 79 trustees tied the institution to 92 firms. Currently we have 1,065 exchanges to date. Generally,
these trustees do not seem to be “corporatizing” the university; rather, they seem an integral part of it,
participating in the intellectual life and offering opportunities to the MIT community. In turn, members
of the MIT community seem to regard themselves as part of a business cycle that underwrites their
research, provides opportunities for start-ups, and returns funds to MIT in myriad ways. In short, these
actors behave like colleagues engaged in shared knowledge/learning endeavors.
Pitt had 54 trustees through which it was tied to 71 firms. We have documented 1,182 exchanges to
date. These exchanges were less science/technology focused than MIT, and dealt more with university
units concerned with finance, e.g., the business school, and were more local/regional. Generally the
trustees were primarily involved in university management rather than research. However, like MIT, the
university provided infrastructure, a variety of resources, human capital, expertise and prestige for
entities represented by the trustees. The organizations represented by the trustees did the same for the
university, but on a much more limited scale.
Harvard was tied to 22 firms and nonprofits through 37 trustees. There are 708 exchanges so far, which
differ substantially from the other universities. Like the other schools there are donors, alumni,
administrator, faculty and lecturer ties. However these tend to be in the arts, social sciences and
humanities. In terms of innovation the locus is on education and policy innovations rather than
entrepreneurial scientific or financial.
Minn had 13 trustees through which it was tied to only 2 firms and which provided only 122 exchanges
in total. These included extensive instances of trustees serving in various roles within the university, as
well as some ties to government (mostly state rather than federal).
CONCLUSIONS
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Scholars have highlighted many different channels that connect universities to firms. We analyze the
tangible forms that these relationships assume demonstrating that these exchanges are substantial, but
that they differ notably by university. While we cannot make any generalizations to the population, our
findings are suggestive and invite further empirical refinement. Results from MIT, for example, imply
that universities with a technical emphasis, such as Cal Tech and Rochester, may prove particularly
closely linked to the innovation economy. The regional and financial connections of Pitt suggest that
some public universities may mirror private universities but within narrower bands of industry and/or
geography. Analysis of UNC or Georgia Tech would allow for further assessment. Finally, the low
connectivity of Minn suggests that some public universities may contribute to innovation and economic
growth through other, more traditional means.

Does It Matter Who Leads? Women in U.S. Science and Technology Policy
Susan Cozzens, Debra Fitzpatrick and Kaye Husbands Fealing
This study examines the presence and influence of women in U.S. science and technology policy at the
federal level. We explore the proposition that who makes decisions about science and technology policy
matters. The study examines the experience of women and men in leadership positions in six scienceintensive agencies under two Presidential administrations, those of William Clinton and George Bush,
both of whom appointed significant numbers of women to leadership positions in their administrations.
Through several different empirical approaches, we address three questions: (1) Does the presence and
proportion of women in science and technology policymaking roles vary by type of organization,
discipline, and appointment structure? (2) To what extent, and under what circumstances, do women in
science and technology policy-making positions change the agenda, moving it toward a wider range of
issues or toward different styles of policy production? (3) How does the (a) number and (b) proportion
of women in the agency or on the decision-making body affect the influence women actors have on
outcomes and processes? Are the effects different in science and technology policy leadership from
those observed in other organizations? If so, why?
Quantitative analysis in our team (Smith-Doerr et al. 2014) has focused on occupational segregation
and pay gaps for women, controlling for individual characteristics and grouping the agencies as
“masculine” or “gender neutral” and “multidisciplinary” or not. The team hypothesized that masculine
based science agencies (those with higher concentrations of physical scientists) would have larger pay
gaps overall, but that women there would have to be exceptional to succeed and therefore might
achieve pay equity (the “Marie Curie” hypothesis). Supporting both hypotheses, the results show that
the gap was largest for women in female dominated occupations at masculine based science agencies
and for women in male dominated occupations at gender neutral science agencies. Organizational
context does matter.
The paper for the Atlanta Conference will report on qualitative data collected for the project. For this
analysis, we began with a population of 1661 individuals identified in the Plum Book [a] as holding
politically appointed positions [b] at senior levels in the agencies and administrations of interest (1202
men and 459 women). Preliminary observations from three focus groups held in Washington, D.C.,
contributed to the development of an interview protocol. The protocol asks about their experience in
the agencies of interest, with particular attention to roles, agendas, decision making structures, and
organizational cultures. The goal is to interview three men and three women from each of six agencies
in each of the two administrations. Finding contact information and securing participation has been both
time-consuming and challenging, and snowball sampling has been used to supplement the Plum Book
search. Women have been much more likely to agree to an interview than men. At the time we are
preparing this abstract, we have conducted 24 interviews, including five with men. Not many of these
were agency heads themselves, but many worked for women who headed agencies.
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Very preliminary observations suggest that the women at this top level of leadership were
extraordinarily effective, as seen by those around them. With a few exceptions, they did not pursue
women’s issues in particular but rather focused the attention of their agencies on increasing
effectiveness with regard to the goals of the administration they were in. The women we talked to
considered themselves effective as change-makers as well, although they did not see all women in
government that way. They valued teamwork and often saw themselves and the women they worked
for as particularly effective at building relationships. Many in the Clinton administration made
broadening participation an important objective. So far, we have not found anyone who thought women
systematically pursued different kinds of agendas from men; instead, their experiences were shaped
more by the political visibility of these appointed jobs and complex relationships with a wide variety of
external groups. We look forward to presenting a more sophisticated, NVivo-based analysis of a larger
range of the interview material at the conference.
Reference:
Smith-Doerr, Laurel, Sharla Alegria, Kaye Husbands Fealing, Debra Fitzpatrick, and Donald TomaskovicDevey. “The Value of Women’s Work: Gender Inequality in Federal Science Policy Agencies.” Presented
at the Association of Public Policy and Management, November 4, 2014.
[a] and [b] omitted to conserve characters in abstract submission, but will be provided in a final version.
The National Science Foundation supported this research through grants 1152800, 1152861, and
1152980. The views expressed do not necessarily represent the views of the National Science
Foundation.
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Academic promotion: the consequences of decentralized, centralized and accreditation
systems
Luis Sanz-Menendez, Laura Cruz-Castro, Manuel Pereira-Puga and Alberto Benitez-Amado
Academic promotion is both a selection mechanism, where highly-skilled individuals are selected to
carry out certain tasks, and an incentive mechanism that is intended to provide motivation to
researchers in order to increase performance and achieve excellence. In this regard, systems of
promotion are expected to be designed in a way that contributes to increase the quantity, quality and
impact of academic and scientific outputs.
Among European countries there is a large variation regarding the academic hiring and promotion
systems. Variation goes from strong centralization with national exams to decentralization to the single
universities; somehow in between some countries have established accreditation systems within a twostep model.
In Spain, the first university reforms, in 1983, combined access to the professional group of university
professors (national civil servant status) with a strong decentralization that provided the departments
and universities with strong power to influence the selection process. In the following years complains
about the inbreeding and cronyism in Spanish universities started to emerge and created a favourable
environment to the 2001 University reform: A national habilitation system, based on formal public
exams and tournaments, was established and this highly centralized system was in place until end of
2007, when a new university reform replaced it with an accreditation model. The accreditation system,
nationally organised and managed by a single agency (ANECA) was a first step, while the formal hiring
or promotion was eventually determined by each individual university (and department) among the
accredited professors..
The three models that have organized academic promotion in Spain over the years have raised political
battles and policy debates regarding their costs and benefits, and relevant research questions to
understand whether and to what extent different promotion systems lead to distinct academic
pathways associated to different organizational performance measures.
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Our research is based on data coming from a survey carried out among Spanish science and engineering
academics in a representative sample of universities across the national territory. We will empirically
address some general questions such as: under what conditions centralized, decentralized or
accreditation academic promotion systems could guarantee the best potential results in terms of the
merits of the candidates; what is the relationship of the different promotion and selection systems with
the type of academics who are selected, for example in terms of mobility trajectories? At the university
strategy university level, the comparison among the consequences of the different systems could help
us to better understand the connections of the implementation of the promotion systems at local level
(under a model of governance of the universities connected to democratic elections) and the
performance of the universities.
At the micro level, and controlling for some relevant variables such as gender, age or field, this research
will provide novel evidence on the differences of academic careers between individuals that were
promoted through the three different systems. We focus on specific issues such as: national and
international mobility, participation and coordination of research projects, supervision of PhD students,
participation in committees, etc. Besides, we also analyse academics’ perceptions on the key factors that
departments of Spanish universities take into account when promoting candidates (e.g. productivity vs.
institutional loyalty, internal status vs. external status). Perceptions are relevant because they might be
drivers of individuals’ strategies, for instance, those oriented to achieve further promotion.

Belonging in Science: Gender, Values, Priorities, and Satisfaction in STEM Occupations
Margaret Blume-Kohout
Psychology research identifies social belonging as a basic human need and driving motivation (Walton
& Cohen, 2007; Baumeister & Leary, 1995). By contrast, job satisfaction is typically characterized as
deriving from factors such as financial compensation, opportunities for advancement, autonomy and
independence, intellectual challenge, flexible hours, or job security. These measures of job satisfaction
provide little insight into possible interpersonal determinants of job satisfaction, including whether an
individual feels they "belong" with their co-workers.
In this paper, I combine data from multiple recent nationally-representative surveys to examine how
science-related attitudes and perceptions, personal values, and the relative importance of various job
attributes differ among U.S. resident men and women working in STEM occupations, versus those who
considered careers in STEM but are working in other occupations, and versus those workers who say
they never considered a STEM career. Using multivariate binomial and ordered logistic regression
models, I investigate three related hypotheses. First, I hypothesize that individuals who share values and
attitudes prevalent among STEM workers are more likely to have considered a career in STEM
themselves. Second, I hypothesize that individuals in STEM (or non-STEM) occupations whose jobrelated priorities are consistent with prevailing priorities and attitudes among other STEM (or non-STEM)
employees in their same sector (e.g., academia, industry, government, etc.) will will express higher levels
of job satisfaction than those with more dissimilar attitudes. Finally, I hypothesize that gendered
differences in values, attitudes, and job-related priorities may help to explain women's lower rate of
participation and higher rate of departure from STEM careers.
Data for this paper include the 2012 General Social Survey (GSS), the 2010 Survey of Doctorate
Recipients (SDR), and the 2010 National Survey of College Graduates (NSCG). The 2012 GSS includes a
module capturing whether the respondent considered a career in science or in engineering (e.g., "Have
you ever considered working in a science-related career?"), as well as their level of agreement or
disagreement with several statements invoking positive or negative perceptions of scientists and
engineers (e.g., "Scientists don’t get as much fun out of life as other people do"). Another GSS module
then asks, for a series of personal value statements, the extent to which the individual identifies with
each one. Combining these individual-level responses with other demographic and occupational
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characteristics, we do find significant and gendered differences in personal values held by individuals
who considered and pursued STEM careers. For example, about half of those working in STEM
occupations said it was important to them to show their abilities and be admired for them. Scientists
and engineers who did not share this value were significantly less likely to say they were "very satisfied"
with their jobs, and notably, only 1 in 3 women in STEM occupations identified with this value.
The 2010 SDR & NSCG survey instruments each included a series of questions asking the relative
importance of various job attributes, and the extent to which the respondent was satisfied with those
aspects of their current job. The 2010 NSCG sample includes both respondents from the 2008 NSCG, as
well as a sample drawn from respondents with bachelor's and higher degrees in the 2009 American
Community Survey, to provide a nationally-representative sample of the U.S. college-educated
workforce. Preliminary analyses with the SDR data reveal that male and female STEM PhDs are equally
likely to change jobs for an increase in pay or opportunities for advancement. But, female STEM PhDs
who change jobs are more likely than their male counterparts to say they are doing so to improve their
working conditions, or due to a change in career or professional interests. Additional analyses will
examine correspondence between satisfaction with various job attributes by occupational category and
employment sector, and the relative value or importance individuals place on each of these.

A quantitative study on the impact of postdoctoral experience to career development of
Chinese researchers
Jianzhong Zhou, Fang Xu, Wenbin Liu and Xiaoxuan Li
These researches about science and technology policy based on curriculum vitae (CV) of S&T researchers
are originally a program named Research Value Mapping house at Georgia Tech. There is a major object
to find the new method or technology for S &T policy research in that program. And the CV analysis
method has been preset in this satiation and started to be systematically applied in the research now.
For the academic researcher, the CV represents, all at the same time, a record of scientific
accomplishment, a brief history of the professional life course including much information, for example,
education, academic, career, publications, funds, awards and so on, an obligation to administrative
superiors, and a job search resource. The past studies based on CV had included the international
migrate of researchers and the evaluation of performance (KOEN JONKERS, ROBERT TIJSSEN, 2008;
Benedetto, Lepori, 2009; Ulf Sandstrom, 2009), the career trajectory of scientist and engineer and so on
(Dietz et al., 2000；Elizabeth Corley et al., 2003)
In this study, we selected two fields to conduct case study that took Chinese researchers as sample. One
is Immunology and the other is Management Science and Engineering. We collected the CV data of
samples through the internet and set up the experiment group and control group by the different aim
of study. Then we evaluate and analyses the career development and performance of researchers in the
different field based on the Survival Analyses. In the first step, we focused on the influence of
Postdoctoral positions to the career development of researchers. The past studies based on the CV
analysis found that the postdoctoral positions has influence to the career development of researchers
but is difference in the different countries: postdoctoral positions in France delay or deter academic
careers, but have no impact on entry in the US (Monica Ganghan, Stephane Robin, 2004). Other study
found that the postdoctoral experiencing has a negative effect on being assistant professor and
professor combined with the method of survival hazard analysis (Tian Ruiqiang, et al., 2013). However,
there is a problem in these studies that have not made a distinction between different research field
and we think there have different impact of postdoctoral positions in the different research field. In the
second step, we focused on the key influence factors on the performance of researchers, such as
graduate school, institution prestige, academic experience or frequency of flow.
The results of Survival Analyses are as follows: Kaplan-Meier analyses indicated that researchers who
have the postdoctoral experience have higher risk on getting the position of associate professor in the
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Immunology discipline, indicating a shorter time from assistant professor to associate professor.
However, opposite results are discovered in Management Science and Engineering discipline. In
additional, COX proportional hazard analyses indicated that these factors such as gender, institution,
and country of doctor degree are significance to the career development in the Immunology discipline.
In the Management Science and Engineer discipline, other factors such as the reputation of institution
and mobility are significance to the career development. Lastly, we analyzed and discussed probable
reasons for such phenomena.

Career Trajectories and Time to Promotion for Researchers Affiliated With the Argentine
National Research Council (CONICET)
María Guillermina D'Onofrio and Juan Rogers
This paper addresses the differential effect of researcher evaluation systems on individuals’ career
trajectories. The National Research Council of Argentina (“Consejo Nacional de Investigaciones
Científicas y Técnicas” or CONICET) is the main research funding agency of the country and also the
entity that employs most of research staff in public research institutions and labs. Researchers are said
to be members of the scientific and technological research career within the agency when their research
employment is affiliated with it. This paper analyzes the features in the research background and career
trajectory of researchers in the agency that have an effect on the chances of entering and being
promoted up its career hierarchy. The analysis focuses on 599 researchers who in 2012 were members
of one of the initial levels of the agency’s research career (“assistant researcher” or “adjunct
researcher”) in two evaluation committees, namely, the disciplinary committee on biochemistry and
molecular biology and the committee on engineering and biotechnology processes. These two
evaluation committees have different members and are assumed to use different evaluation criteria for
promotion. This would lead to the inference that the career trajectories of researchers evaluated in
different committees would have different features and that their scientific and technological reputation
would be based on relatively different research achievements. The evaluation mechanisms in these
committees are highly institutionalized and respond to the priorities of two different communities that
provide “peers” for the evaluation system. We seek to establish whether these inferences are justified
and differences are detectable in the career patterns of researchers promoted through the two different
committees. The data are derived from the CVs of researchers entered into the CVar system of reporting
of the Argentine Ministry of Science, Technology and Productive Innovation. Some missing items in the
reporting system were gathered from researchers’ ordinary CVs available in CONICET records.
Publication and citation data were drawn from SCOPUS and the SCImago Journal Rank indicators. From
these data, a logit regression model and a classification tree were computed to estimate the probability
of promotion in 2013 or 2014 in the CONICET career system with a set of relevant predictors to
characterize researchers’ background and trajectories. Among these predictors, we include the
participation in postdoctoral research abroad, position in a typology of research focus (created for this
purpose and including categories such as “classical academic”, “academic with R&amp;D service
orientation”, “academic with R&amp;D management profile”, “academic with a S&amp;T dissemination
focus” and “academic with multiple foci”), timing of promotion to current level (i.e. early promotion
compared to researcher’s cohort), length of period in current level (from the minimum period allowed
and longer), various measures of scientific and technological productivity in the last 5 years, mentoring
of PhD students, prizes and awards, research grant awards outside CONICET and what evaluation
committee the researcher belongs to, among others. We find that the profiles of researchers leading to
increased probability of promotion differ between the evaluation committees but some results are
surprising. For example, the greater technological focus of the industry and biotechnology committee is
not reflected in what is actually rewarded with promotion and R&amp;D management is rewarded more
highly than scientific productivity in the later stages of a researcher’s career. These and other results are
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discussed in the paper showing that the institutionalization of evaluation has an effect on the career
patterns of researchers.

Session 21.c: Governance of Emerging Technology

21C

Science Policy and Technology Innovation in the Context of Large-Scale Implementation: The
Co-Evolution of Policy, Markets, and Technologies for Wind Power Integration
Elizabeth Wilson, Stephanie Lenhart, Benjamin Stafford and Natalie Nelson-Marsh
The locus of wind power innovation has shifted from government laboratories, to private companies, to
innovations in electricity grid and market rules and the development control systems provides an
important window into how new technologies, supporting policies and institutions must co-evolve to
support large scale implementation. It has involved parallel technological advancements in materials,
aerodynamics, structural engineering, and control systems taking place in an international context of
technology innovation and supported by both public policies and private investments.
With over 310,000 megawatts (MW) of wind built globally in 2014, integrating wind power into electric
power grid operations is critical area for technology innovation and policy research. In the United States,
wind power has evolved from a novel experimental technology, to a major part of the electricity system,
with over 60,000 MW of wind power on the electric grid. In some states, like Iowa and South Dakota,
wind-power generated electricity provides over 25 percent of electricity. But the variable nature of wind
power has also required innovation in integration and wind power has changed how energy systems and
markets operate {Wiser, 2013;Stephens et al., 2015}.
In this paper, we focus on the critical interplay between policy, technology innovation and integration
of wind into electricity systems, with a concentration on the co-evolution of technological and
institutional changes. To do this we focus on the challenges of wind integration in practice. Because wind
resources vary over time and space and because the technologies and institutions of the legacy
electricity system also differ, studies examining the development of large-scale wind power must be
grounded in specific energy system contexts and focus on the multiple decisions shaping
implementation in practice {Sandfort and Moulton, 2015}. While in theory there may be no difference
between theory and practice, in the practice of wind development the contextual differences and
decisions shaping siting, supporting transmission infrastructure development, and changes in electric
market and power grid operational rules become critical. These differences shape the operation, value,
and viability of wind technologies. We compare how the development of large-scale wind has led to
different challenges to policy, institutions and technology innovation. We examine the creation of the
Dispatchable Intermittent Resources (DIR) program in the Midcontinent Independent System Operator
(MISO) region and the development of Energy Imbalance Markets within the Western Region of the
United States.
MISO: Wind Power Technology and Policy Innovation for Deployment
MISO created the DIR policies to solve problems of integrating variable wind resources into the electric
power grid. Within the MISO region, wind generated electricity is often highest during winter nights
when electricity demand is lowest. As wind power in the MISO system increased to the 13,000 MW
today, the mismatch between the wind resource and system demand began to cause problems for grid
operators. When wind power was a small resource, it was considered “self-scheduled” (MISO 2011) and
as the least resource expensive on the system, wind turbines supplied power to the grid when the wind
blew. But high wind production distorted electricity markets and forced system operators to manually
curtail excess wind production and the system needed to innovate to accommodate wind power. We
trace how technological innovations in wind power control systems and wind prediction models allowed
for the new policy development of the DIR program and examine the institutional changes needed to
develop the DIR. The DIR allows wind power to participate in day ahead electricity markets and
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automatically curtails wind plants for economic or reliability reasons, yet developing the DIR required
several important policy and technology innovations.
Creating the Energy Imbalance Market: Wind Power Innovation in the Western U.S.
Unlike the MISO region, the Western United States does not have coordinated electricity markets and
integration of wind power faces a different policy and institutional challenges. The expansion of the
Energy Imbalance Market (EIM) from the California Independent System Operator to other electricity
balancing authorities in the Western Interconnection highlights the political and institutional challenges
for large scale wind development which require new levels of policy innovation among regional energy
stakeholders.
Together, these cases highlight the ongoing and interlinked roles of technology innovation, energy and
science policy, and the evolution of stakeholder and research needs in practice. This research helps to
critically explore the shifts in technology innovation in the context of large-scale implementation of
renewable energy in practice.

A conceptual framework for analyzing Governance in Nanotechnology Innovation networks
Mercy Escalante Ludena and José De Jesus Pérez Alcázar
Nanotechnology is considered the technology of this century because their high potential impact in the
different economic activities (Roco etl, 2007; Shapira et al 2010; Hyun et al 2014), in this sense, new
materials, products and services have been and will be developed in a wide range of applications (Wiek
et al (2007). The development of nanotechnology depends of different factors, one of these critical
elements are the networks (Bozeman, et al 2007, Wick et al, 2008; Malerba, Vonortas, 2009; Roco et
al 2011), because by their nature, the collaborative and transdisciplinary work is fundamental. Networks
are increasily recognized as an important mechanism of public policy and relevant instrument of one
National Innovation System (Ludvall, 1992; Malerba, Vonortas, 2009), because it facilitate the access to
resources, skills, global knowledge, the coordination of different actors, commercialization of complex
technologies (like the case of nanotechnology), etc. (Mitchele and Sinlge, 1996; Swamina Thais, et al,
2001, Malerba, Vonortas, 2009, Friedler, 2010, Hyun et al, 2014). Etzkowitz (2008) has the vision that
innovation networks needs to be fortified with partnership private and public in a context of a triple
helix. In this innovation model, Government support with innovation polices and funds, firms with the
knowledge of markets and funds and universities developing their third mission: the entrepreneurship
one ( with patents, spin off, incubators, etc).
Otherwise, countries around the world have been making strong investments in Nanotechnology and
specially deploying funds for implementing national networks(Maclurkan, 2005, Youtie, Shapira, 2008;
Wick et al, 2008; Shapira et al , 2010, Rafols, 2010; Hyun et al 2014), Brazil is not exception. In front of
this, each more practitioners and policy makers are interested in the management and specially in one
topic, in their governance and impact of the performance of this kind of networks. Unfortunately the
research about this issue is scarce. Exist in the literature some exceptions, but they are fragmented
visions and not necessarily with focus to Nanotechnology. Inclusively exist some approaches against the
network governance, because networks are not legal entities (Ness, et al, 2005; Provan et al 2007;
Youtie, Shapira, 2008; Moller et al, 2005, Wick et al, 2008; Friedler, 2010, Rafols, 2010; Roco et al 2011).
Managerial Toolkits than can support the network governance are also scarce.
But according (Provan et al , 2007) some form of governance is necessary to ensure that participants
engage in collective and mutually supportive action, that conflict is addressed, and that network
resources are acquired and utilized efficiently and effectively. The focus on governance involves the use
of institutions and structures of authority and collaboration to allocate resources and to coordinate and
control joint action across the network as a whole. From a policy perspective, it should be clear that
selection of governance and of and specific form, whether through mandate or funding incentives could
have critical implications for overall network effectiveness. (Provan, Kenis, 2007, Arras et al, 2007;
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Nassimbeni, 1998, Malerba, Vonortas, 2009; Rafols, 2010; Hyun et al, 2014). It is important to mention
that the development of emerging technologies is by definition uncertain comprising opportunities
and risks, effective regulations and sustainable governance are also critical for the development of this
potential industry (Wiek et al, 2007)_.
Thence, with the aim to contributing somehow with this research area, this on going paper pretended
to develop an analytical framework which one could be an useful tool to analyze the governance in
innovation networks. The nanotechnology area was chosen as was mention above, because their
relevance as strategic area for the development of different countries and industries. Some important
aspects must be considered when the framework is used, for instance the type of network (Arraz, 2007;
Bessant, 2008; Malerba, Vonortas, 2009), the industrial dynamic (Rafols et al, 2010), because they have
impact in the innovation network governance. Additional at the proposal some managerial toolkits were
developed.
The research was exploratory and qualitative (Vergara, 2012; Yin, 2006). The qualitative approach, was
supported in an intensive literature review and complemented with a semi structure interview applied
to the main key actors of some relevant segments of the Brazilian Nanotechnology innovation networks.
It is expected that this work will be useful for the different actors related with this network, specially as
a guide to improve the network governance and the formulation of public innovation policies. As
futures works, the current proposal will be validated in others segments of the Brazilian
nanotechnology network

Policy-induced technology adoption: A case of plug-in electric vehicle adoption in California
Hongtao Yi
The plug-in electric vehicle (PEV), as an innovative technology, its market has seen strong growth in
recent years, both in purchase volume and charging infrastructure. Annual PEV sales are projected to
reach 360,000 vehicles by 2017, with a large portion of these sales occurring in California, New York, and
Florida (Pike Research, 2011). This market includes both plug-in electric hybrid vehicles (PHEVs), and
full electric vehicles (EVs). While private industry has helped spur market growth through cheaper
technology, public free-to-use charging stations, and wider electric vehicle offerings; government
incentives have also played a key role in market development and reducing PEV usage barriers (Egbue,
2012). However, very little is known about the effects that these government incentives and
infrastructure development have on the technology adoption of PEVs. This paper seeks to answer this
question using statistical models with empirical data on government incentives, charging station
infrastructures and PEV sales.
With empirical data of electric vehicle sales for California cities in 2012, we estimate a series of
regression models to test the impacts of government incentives and charging infrastructures on PEV
technology adoption. Preliminary results show that public charging stations are found to be a very
powerful government incentive, and should be a continued initiative for local and state governments.
Results also indicate a stronger relationship of incentives to PEV adoption rates. The strongest incentive
programs were those most directly related to PEV at-home or at-work charging, specifically those that
offer a tax credit or deduction from energy utility bills. These programs promoted the most PEV
adoption and appeared to resonate with consumers above other available incentives. This ultimately
shows that PEV incentive programs do encourage adoption rates.

Session 21.d: Patent Metrics in STI
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How does compulsory licensing impact the patenting behavior of licensors and licensees? A
study of the US Department of Energy’s solid-state lighting research program.
Alexander Smith
I seek to answer the question of how compulsory licensing policies affect the inventiveness of both
inventors who are compelled to license their patents and inventors who receive compulsory licenses to
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such patents. Compulsory licensing policies require patent-owners to allow others to make use of those
patents in exchange for a compensation level determined by a third party, usually a government
authority. Compulsory licensing stands in contrast to traditional patent licensing, in which the patentowner can demand any level of compensation. Government authorities have invoked compulsory
licensing policies in cases where widespread social benefits are obstructed by patent-owners. For
example, some nations have used compulsory licensing policies to allow the manufacturing and
distribution of medicines whose patent-owners demand prohibitively high levels of compensation.
Scholarly disposition on the impacts of compulsory licensing has been mixed. Some scholars have argued
that patent-holders will likely receive a lesser reward for the expense endured during research and
development if their licensing compensation is dictated by governing bodies. As a result, researchers
may be less likely to pursue patents as a means of exploiting their inventions. Less patenting could slow
innovation overall by restricting the public disclosure of discoveries provided by the patent system.
Conversely, other scholars argue that reduced compensation for licensing increases the likelihood that
a patent will actually be licensed and worked into a commercial product that could deliver social
benefits. Patent-owners could still earn high returns on low-compensation licenses by investing in patent
licensees, and accelerated commercialization of patents could even stimulate innovation by creating
greater technological competition. As such, compulsory licensing could maintain or even accelerate the
pace of innovation while accelerating societal returns from research and development efforts.
The US Department of Energy (USDOE)’s solid-state lighting (SSL) research program serves as our case
of interest. SSL technologies produce light via electrification of novel materials structures and are valued
for their high energy efficiency; the most common example of a SSL technology is the Light-Emitting
Diode (LED). The US DOE expanded its SSL research portfolio in 2007 with the creation of a separate
program under the Building Technologies Office; As part of the creation of this new separate program,
the US DOE acquired an exemption to the Bayh-Dole act and instituted a compulsory licensing policy.
Under this policy, any holders of patents based upon research funded by the new SSL program were
required to engage in non-exclusive licensing negotiations arbitrated by the US DOE. The prospective
licensees in these negotiations were a number of lead firms in the lighting industry who had been
selected into a group called the Next-Generation Lighting Alliance (NGLIA) and who served as industry
advisors to the US DOE’s program. I seek to reveal the effects of the US DOE’s compulsory licensing
provision on both the researchers funded by the SSL program and the members of NGLIA. This case
provides novelty to the compulsory licensing literature, since most cases of compulsory licensing studied
revolve around international trade governed by the TRIPS provision within the WTO agreements.
To reveal the impact of compulsory licensing upon the researchers funded by the US DOE SSL program
and the NGLIA firms, I analyze multiple data sources with a difference-in-difference methodology
coupled with statistical matching techniques. Patenting inventors are the unit of analysis, and these can
be either individuals or firms. I hypothesize that the compulsory licensing program caused affected
inventors to produce more patents than comparable, unaffected inventors. The researchers funded by
the US DOE’s SSL program and the NGLIA firms are both identified via public documents on the US DOE’s
website. I use these documents to attribute the key independent variable, whether a researcher or firm
was affected by the US DOE’s compulsory licensing policy, to each unit of analysis. I also gather key
independent variables from EuroMonitor and Bloomberg business intelligence databases, as well as
analyses of public web records on individual inventors. I use patents as the dependent variable, and I
use the Derwent Innovations Index patent database to gather all patents in the solid-state-lighting
technology area. The “inventor” and “assignee” fields allow attribution of patents to inventors in my
dataset. I then use propensity-score matching to identify comparable inventors in the dataset unaffected
by the compulsory licensing policy, and compare the patenting behavior between the affected inventors
and the unaffected inventors via difference-in-differences methodology. I check for robustness using
alternate statistical matching techniques, such as kernel regression.
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Impact of patent-paper pairs on the quality of biotechnology and nanotechnology patents in
Quebec
Catherine Beaudry and Narjes Naserbakht
This article aims to assess whether patents issued from a patent-paper pair or owned by a university are
of a higher quality than other patents to which academic inventors have contributed and whether
patents owned by universities. This research implicitly analyzes the impact of university-industry
linkages on the quality of biotechnology and nanotechnology patents in Quebec. This article measures
“quality” first as the number of forward citations, second as the number of claims and third as an
originality index built from the principal component analysis of the number of forward citations, the
number of claims and one minus the Herfindahl index of the number of backward citations by IPC class.
Finding potential patent-paper pairs requires integrating data from two sources: the United States
Patent and Trademark Office (USPTO) for patents and Elsevier’s Scopus for papers. We first identify the
potential patent-paper pairs by selecting the patents developed by authors-inventors. With the simple
constraint that at least one of the inventors published one or many articles in the period [t-2, t+2], where
t corresponds to the patent application date, we find 22,688 potential biotechnology patent-paper pairs
and 20,003 potential nanotechnology patent-paper pairs in Canada. We then used the text mining
software Rapidminer to calculate the cosine similarity between the paired patent and paper documents.
The similarity measures range, in our sample, from 0 to 0.78 for biotechnology, and from 0 to 0.53 for
nanotechnology (theoretically similarity measures range from 0 to 1). Similarly to Lissoni and Montobbio
(2006), we selected the patent-paper pairs from the top 10 percentile of the similarity measures. This
roughly corresponds to a similarity measure of 0.30 for both biotechnology and nanotechnology
samples. Using this 0.30 threshold for the similarity measure, in Canada, we find 249 actual
nanotechnology patent-paper pairs and 376 biotechnology patent-paper pairs.
Funding may play an important role in the quality of patents to which academics avec contributed. The
third source of information necessary for this study is the Quebec University Research Information
System (Système d’Information sur la Recherche Universitaire – SIRU) provided by the Quebec Ministry
of Education. This database provides information about the yearly amounts of contracts and grants
obtained by Quebec academics. Because no such database exists for Canada, we thus restrict our sample
to the Quebec patent-paper pairs. We calculate yearly public and private funding, grants and contracts,
for each individual Quebec university scientist.
Because the number of forward citations and the number of claims are count measures and by using
Poisson regressions our models suffer from over dispersion, the preferred method of analysis chosen is
the negative binomial regression (nbreg) that relaxes the assumption of the mean variable being equal
to the variance. For the originality index models, a simple ordinary least squares (OLS) regression model
was used. In addition, our models potentially suffer from endogeneity problems due to unobserved
heterogeneity, omitted variables and the facts that patent quality may depend on the total average
amount of contracts received by academic-inventors which are also related to the amount of grants
raised (an explanatory variable). We therefore treat the contracts as an endogenous variable and correct
for potential endogeneity by employing the Two-Stage Residual Inclusion (2SRI) method suggested by
Terza et al. (2008) and use Two-stage least squares for the originality index and for the natural logarithm
of the number of claims and the number of citations.
Our results find a negative impact of patent-paper pairs on the patent quality including number of
forward citation, number of claims and an originality index. Prior studies have concluded that there is
no significant impact of patents that have paper counterparts on patent citation flows. Our results
corroborate these findings and further suggest that patents owned by universities and where the
academic inventors are highly cited in the science world, yield a smaller number of citations in the
technology world (lesser number of patent citations). The proximity between science and technology
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however crucial for knowledge transfer in general does not seem to have an equal importance when it
comes to having an impact in the technology world. This is further exemplified by the lack of significance
of academic assignees, but more importantly by the negative impact of a greater proportion of
academics amongst the inventors. We however found mitigating factors, such academic inventors
holding a prestigious chair, or having published highly cited articles, which contribute positively to the
“quality” of the patents to which they contribute.

Input- or output-side changes? The impact of the financial crisis on the patenting activity of
firms
Peter Neuhäusler and Rainer Frietsch
The number of international patent filings in many countries has been decreasing during (or even before)
the recent economic crisis (Neuhäusler et al. 2013). The impacts on patenting are particularly evident in
countries that are highly active in the USA, including the United States itself. In countries like Germany
or Japan, the crisis seems to have affected patenting less severely, but a reduction in the international
patent activity is still observable.
The drivers behind this decrease, however, are still unclear, or in other words, the question of which
mechanisms within the innovation processes of firms, or on aggregate, whole innovation systems, are
responsible for the decrease in patent filings during the crisis remains unanswered. On the one hand, it
has been argued that a decrease in R&D expenditures, including delayed starts of R&D projects or
prolonged innovation processes, indirectly affecting the output side of the innovation process in terms
of patentable inventions, is responsible for the decline in patent filings (Rammer et al. 2012). In some
countries, however, only a slight decrease in R&D expenditures during the recent crisis can be observed,
which is particularly true for Germany (Schasse et al. 2012). Consequently, a more direct effect on
patenting activity emanating from the economic crisis, namely adopting a cost-saving (international)
patent strategy, can be assumed.
Based on these considerations, it can be assumed, that changes in the input side, i.e. a decrease in R&D
expenditures, has lead to a decrease the firms' patent activities. However, it can further be hypothesized
that firms have adopted a cost-saving patent strategy during the years of the crisis. This strategy might
include a) not to file (mostly domestic) national filings also at an international level. Since keeping
patents within the system up to a possible grant (and beyond) is also associated with a given amount of
costs (examination fees, processing fees etc.), it can further be hypothesized that firms b) withdraw
already filed patents or c) lapse already granted patents more often than in the years before the crisis.
Finally, firms might simply choose not to file patents for already generated inventions at all, delay the
filing to a later point in time or to use less expensive ways of intellectual property protection, e.g. secrecy
(Cohen et al. 2000, Blind et al. 2006).
Both mechanisms, input (indirect) as well as output (direct) related, are analyzed separately within this
study. The data for the analysis are based on a matched panel dataset on R&D investments and patent
activity at the firm level for all companies that have performed R&D in Germany in 2007 and 2009.
Furthermore, a patent dataset based on the PATSTAT database, including various indicators on the
dimensions of changes in patent strategy for ten countries (CH, DE, FI, FR, GB, IT, JP, NL, SE, US), was
applied. Besides descriptive statistics, multivariate models on the changes of the relation between R&D
expenditures and patent filings as well as the changes in the patent strategy (share of transnational
patent filings in patent families, share of withdrawn patents in the EPO patent stock, share of lapsed
patent filings in the stock of granted EPO patents) were estimated.
Preliminary results show that patent processes have uncoupled from the R&D process during the crisis.
Although the effect is comparably small (at least for Germany), it is notable that it can mostly be
attributed to a decrease in the correlation between extramural R&D expenditures and patent filings. The
correlation between extramural R&D and received patent citations, on the other hand, has been
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increasing. This implies that firms have cut back external R&D projects and only the most technologically
promising external R&D projects have still received funds. Intramural projects, on the other hand, seem
to have received a rather constant financing. With regard to the changes in patent strategy, it can be
observed that especially withdrawing and lapsing patents are prominent cost-saving strategies. The
strategy of filing patents at the international level less frequently, however, seems to play a minor role
for most patenting companies.
These results have two kinds of implications. First, measuring innovative activities via patent indicators
could lead to a distorted picture of the innovative output of companies especially during times of
recessions. The second implication is that firms are well able to develop differentiated cost-saving patent
strategies, which increase their room to maneuver also when costs have to be cut in order to stay
competitive, at least for a certain amount of time. Since a given level of innovative potential can thus
still be obtained, a potential innovation-hindering effect due to a reduction of R&D might, at least in the
short-term, not be that severe.

Patent nonuse: are patent pools a possible solution?
Alireza Chavosh
Studies have depicted that the rate of unused patents comprises a high portion of patents in North
America (35% Non-use on average), Europe (37% Non-use on average) and Japan (64% Non-use on
average). The importance of the issue of nonuse is also highlighted within the literature on strategic
patenting, IPR policy and innovation economics and in this regards, the literature has paid particular
attention to blocking patents. Moreover, the current literature has emphasized on the role of patent
pools in dealing with potential issues such as excessive transaction cost caused by patent thickets and
blocking patents (overlapping IPRs) that might hamper the use of patents in the market for technology.
In fact, patent pools have emerged as policy tools facilitating technology commercialization and
alleviating patent litigations among rivals holding overlapping IPRs. Accordingly, patent pools may favor
the use of the pooled patents through decreasing licensing transaction cost and providing equal and
non-discriminatory access of all the members and potential licensees to the pool’s technology. This
might be seen by companies involved in technology markets with excessive transaction cost and high
IPR fragmentations as an opportunity to exploit their patents through participating in patent pools. In
fact companies willing to license their patents through patent pools are taking advantage of faster,
easier, broader and less costly access to the pool licensees (technology implementers). Nevertheless, in
this study we argue that the willingness to use patents through pool participation by a pool member
involved in high fragmented IP markets is not limited to the use of those patents that it includes in the
patent pool which will be automatically licensed out after inclusion. Becoming a member of a patent
pool may also favor the use of blocking and non-blocking patents held by a pool member outside the
pool (non-pooled patents) by providing the opportunity to use the patent internally or externally in
collaboration with other members. Such an effect can be the result of mechanisms provided by the
patent pool at three different levels; Patent level mechanisms comprising greater access to the pool’s
complementary technology for members, Firm level mechanisms including formal collaboration inside
the pool and informal collaboration outside it, changes in members strategies as a result of pool
membership, enhanced information sharing and increased technological spillover , partnership
opportunities and greater access to other parties’ complementary assets and Market level mechanism
including broader and less costly access and connections to the technology implementers (licensees).
Considering such potential mechanisms favoring the use of non-pooled patents held by a pool member,
in this study we show that pool members participating more intensively in patent pools are more likely
to be willing to use their non-pooled patents through pool participation. Furthermore, we show that
pool licensors are more likely to be willing to use their non-pooled patents by participating in patent
pools with higher level of technological complementarity to their own technology. This study contributes
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to the current discussion on social, economic and technological benefits of patent pools. We show that
companies involved in highly fragmented IP markets, do not only see participation in patent pools as an
opportunity to facilitate their patent (technology) commercialization process by introducing their
patents to the pool, as in the absence of a pool they can’t use their technology without infringing on
their competitors’ patents, but they also see pool participations a way to facilitate the use of their
unused patents which have not been included in the pool. Moreover, in order to contribute to the better
understanding of how pool participation explains the willingness to use non-pooled patents we
investigated those characteristics of the patent pools which are associated to willingness to use these
patents through participating in patent pools. The results of this study have practical implications for
strategic decision-making and for policy makers dealing with the issue of patent nonuse, overlapping
IPRs and cumulative innovations.
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Exploring (mis)alignments between science supply and societal demand: research portfolios
on rice and obesity
Ismael Rafols, Tommaso Ciarli, Lorenzo Cassi, Matthew Wallace, Pierre Sautier and Elisabeth
de Turckheim
Science policy is shifting towards an increasing emphasis in societal problems or grand challenges.
Previous experiences of mission-oriented research, such as Nixon's war on cancer, suggest that while
such mission-oriented emphases are useful in legitimising research, the extent to which missionoriented policy succeeds in shifting research funding priorities and research practices towards the
missions it claims to pursue is controversial (Sarewitz, 1996). The controversies are due to both the
ambiguity in framing of the societal problems and their socio-technical solutions, as well as the
uncertainty about the research options that can deliver those solutions (Stirling and Scoones, 2009;
Wallace and Rafols, 2014). Tackling complex global problems or grand challenges – such as climate
change, food security, poverty reduction, the risk of global pandemics – requires not only to increase
R&D expenditure, but also to exploration and eventually to coordinate of a variety of stakeholders with
different areas of expertise, pursuing diverse research avenues and often with contrasting world views.
Typically these challenges benefit from the understanding of the physical and biological phenomena
underlying the problem (e.g. the virus and its genes), but also demand an understanding of the
environmental and social contexts in which they occur, and the policy networks and instruments
available in those contexts (Ely, Van Zwanenberg, & Stirling, 2014).
In this context, public debate is seen as necessary on democratic grounds, given that both problem
framing and priority setting are value-ladden and politically charged (Stirling, 2014). This debate can be
enriched by an understanding of the plurality in societal demand for a given mission such as fighting
obesity and the various research options that may contribute tackle it (Sarewitz and Pielke, 2007). In
this article, we present quantitative tools based on semantic analysis of scientific and policy documents
that aim to facilitate understanding and foster debate about science supply, societal demand and the
relationship between the two for two case studies: rice and obesity research.
Most conventional bibliometric studies have focused on the mapping of knowledge production side in
terms of mapping research areas and measuring scientific influence, in a way that implicitly assumed an
"internalist" view of science (see Rotolo et al., 2014, for a different view). In contrast, missionorientation and grand challenges demand to investigate the articulation of societal needs. We present
an exploratory investigation of rice research (a major staple crop) and the grand challenge of obesity (an
emerging health problem with enormous social costs). We illustrate a potential approach, showing how
scientific publication can be used to describe existing science supply by using semantic networks and
clusters based on publications' abstract. In the case of rice, the diverse focus of research is analysed for
various countries and related to different societal demands and contexts --e.g. rice exports in Thailand
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and crop yields in Indian. In the case of obesity, we also use question records in the French and EU
parliaments as an instance of social demand and we compare between the publication maps with
parliamentary maps to explore (mis)alignments between societal concerns and scientific outputs.
In summary the paper contributes to the discussion on the role of societal demand in science by
illuminating existing research priorities for a given topic, and contrasting them with socio-economic
drivers and discourse on needs for that issue.
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The societal impact-focused and quality-focused evaluator: Balancing evaluator views about
the assessment of the societal impact of health and medical research
Gemma Derrick and Gabrielle Samuel
Realising the societal gains from publically funded health and medical research requires an approach
towards developing a reflexive evaluation precedent for the consideration for the societal impact of
research. Whereas a number of conceptual models and theories have been proposed to understand the
process of impact realisation and, in turn, guide its evaluation by peer review panels, actual empirical
investigations of the assessment of societal impact, where the results are linked to funding outcomes
are rare. Problems associated with access to peer-review panel deliberations, and a lack of formal
frameworks incorporating criteria of the societal impact of research, have made conducting this type of
empirical research difficult.
This research provides the first empirical study of societal impact evaluation, by exploring UK Research
Excellence Framework (REF2014) evaluator values and opinions about the process of assessing societal
impact. Two intertwined, semi structured interviews (one before the evaluation process began (preevaluation interview); and the other after the evaluation process was complete (post–evaluation
interview)) were conducted with 62 REF2014 evaluators from the health, medical and biomedical fields.
Themes expressed by evaluators during interviews concerning the societal impact and its method of
assessment were compared before and after the evaluation process, in order to gain an understanding
of the process of societal impact evaluation during peer review panel deliberations.
In the absence of prior studies, we discuss research of panel based peer review processes with which to
interpret our results. Evaluators described their inexperience when dealing with societal impact
assessment, and this inexperience led to a number of values and ideas about the value of different
societal impacts being weighed against each other during the assessment process. At times, these ideas
and definitions about societal impact ran counter to the existing guidelines designed to aid the
evaluation process. Specifically, we discuss the characteristics of two different modes of evaluation –
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the “quality-focused evaluation” and the “societal impact-focused”. These represent two extremes of
considering how evaluators might assess impact. We represent these two modes as two poles on a
conceptual evaluation scale. We show how evaluators had a wide range of views about impact, and that
these views could be conceptually reflected in a range of different positions along this scale, somewhere
between the two poles of evaluation. We describe the characteristics of these poles in detail, and also
discuss the different beliefs evaluators had which could influence where they positioned themselves
along the scale. These decisions, we argue, when considered together, form a dominant definition of
societal impact that influences the direction of its evaluation by the panel. In addition, considering
evaluators’ views about societal impact using the evaluation scale aids the discussion of the tensions
faced by evaluators regarding the valuation and conceptualisation of societal impact for assessment.

Societal impact evaluation: Exploring evaluator perceptions of the characterization of impact
under the UK’s 2014 Research Excellence Framework
Samuel Gabrielle and Gemma Derrick
The relative newness of ‘impact’ as a criterion for research assessment has meant that there is yet to be
an empirical study examining the process of its evaluation. In 2014, the UK Research Excellence
Framework (REF2014) was the world’s first mandatory national research assessment framework, linked
to funding allocation, to dedicate a formal proportion of its peer review evaluation to considerations of
societal impact. Labelled “impact”, the newness of this as a criterion of assessment means there is a
need to understand more clearly how evaluative decisions are made about this measure during peer
review. This is particularly true give the current contention about how societal impact should be defined,
evidenced, demonstrated and measured. This paper is part of a broader study which is exploring the
panel-based peer and end user review process for societal impact evaluation using the UK’s REF 2014,
as a case study.
In particular, this paper explores the different perceptions REF2014 evaluators had regarding societal
impact, preceding their evaluation of impact as part of REF2014, and their different characterisations of
impact as a criterion of measurement. Data is drawn from 62 interviews with evaluators from the healthrelated Panel A and its subpanels, prior to the REF2014 exercise taking place. The results showed that a
majority of evaluators perceived impact as an “outcome” of research, though these views varied with
regards to how much value they placed on different “research outcomes” when it came to impact
assessment. In contrast, rather than viewing societal impact as an outcome, a small minority of
interviewees viewed impact as a process and placed value on research activities which promoted
research outcomes rather than the outcomes themselves. We note the similarities between these views
and the SIAMPI model of assessment.
We discuss the implications of our findings for future impact evaluation frameworks in terms of the
complexities’ involved with evaluating impact formally. We also postulate a series of hypotheses about
how evaluators’ different perceptions going into an impact assessment could potentially influence the
evaluation of impact submissions. Using REF2014 as a case study, these hypotheses were tested in an
additional series of interviews with REF2014 evaluators post-assessment.
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Impact of Center and Non-center training on the professional social capital of U.S. and
International Science & Engineering students in United States Universities
Olena Leonchuk and Denis Gray
With the rise of cooperation of universities with industry and government in the last 30 years, more
graduate students are exposed to collaborations across sectors, disciplines and organization boundaries.
Science and Engineering (S&E) disciplines, particularly, have shown to benefit from these collaborations
as they often work with problems that require complex solutions where collaboration and exchange of
different expertise are almost inevitable. One of the establishments that enable this cooperation is
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Cooperative Research Centers (CRCs). Previous evaluation of the CRCs offers some information about
students’ experiences. However, little is known about professional social capital students acquire during
their training and carry on to their professional careers.
According to Bozeman’s Science and Technology Human Capital theory (Bozeman, Dietz & Gaughan,
2001), professional social capital is an important, but often ignored component of evaluation of the
scientific outcomes. Social capital as manifested in professional connections, shared norms and trust
are as valuable component of research as technical skills and knowledge. Bozeman claims that
evaluation of the scientific outcomes and policies should involve human capital component that
captures not only long-term outcomes, such as intellectual property and patents, but also the processes
behind their creation.
This study looks at the professional social capital, perceived career preparedness and satisfaction with
graduate training and whether these outcomes differ by the type of graduate training: traditional
training confined within university departments and training within NSF Industry/University Cooperative
Research Centers (I/UCRC), one type of CRCs. The study also looks at the international students who
comprise more than 50% of the graduate STEM population in the U.S. universities. The study also
investigates whether type of training and other variables affect international students’ plans and
intentions to remain in US and/or become US citizen after graduation.
Professional social capital is captured at the time of graduate training of the future scientists and
engineers. Similarly to any type of social capital, it contains two parts: bridging and bonding social capital
(Patulny & Svendsen, 2007). Bridging represents available social networks, particularly, size of a person’s
network and strength of the network connections. Bonding represents mechanisms that enable one’s
social network. They represent trust and availability of positive norms and values about collaboration.
In the context of the S&E graduate students, bridging social capital represents students’ social
connections to and intended use of different kinds of professionals (US academics, non-US academics
and non-academics). Bonding social capital represents the extent to which students view different kinds
of collaborations.
The study uses quasi-experimental research design. Graduate students trained in the team-based and
sector-crossing I/UCRCs were compared to students who experienced a more traditional disciplinary
training guided by an advisory committee. The contact information for the study participants was
collected in two different ways. Since the authors of this study are part of the I/UCRC evaluation project’s
team, we were able to receive contact information for center graduate students from the I/UCRC
directors with assistance from the NSF. An electronic confidential survey was used as a tool to collect
information from respondents. The traditional training control group was created by obtaining contact
information for graduate students at matched universities and disciplines from public sources. Two
groups were given the same survey instrument with some modification in wording and reduction of
questions that are related specifically to the I/UCRC group.
The final sample represents completed responses from 173 center students and 87 non-center
students. Descriptive statistics of the sample demonstrate that two groups are compatible in: graduate
standing (100% PhDs), age (M=26 y.o.), gender (23% female), immigration status (66% international)
and time spent in graduate school (M=2 years). Preliminary findings of the study demonstrate that
center students have higher scores on some measures of professional social capital but not others.
Analyses also reveal that international students do not always share these benefits. Center students also
have higher level of satisfaction and perceived career preparedness. Preliminary analyses also shed
some light on the mechanisms involved in these impacts. Implications for policy and practice will be
discussed.
Bozeman, B., Dietz, J. S., & Gaughan, M. (2001). Scientific and technical human capital: an alternative
model for research evaluation. International Journal of Technology Management, 22(7), 716-740.
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Reframing Participation in Postsecondary STEM Education with a Representation Metric
Christopher K. Tokita and Brian L. Zuckerman
Policy makers are pushing to increase minority participation in science, technology, engineering, and
mathematics (STEM) education (National Science and Technology Council, 2013). Policy makers seek to
ensure that the STEM workforce reflects the population by increasing the participation of traditionally
underrepresented groups, including both the previously mentioned racial groups and women, in postsecondary STEM education. The National Science Foundation produces a biennial report presenting data
on women and minorities in post-secondary STEM fields in the form of “percent by field” and “percent
of degrees awarded.” This report, however, does not compare these numbers with each group’s
proportion of the college population (National Center for Science and Engineering Statistics, 2015).
Similarly, a study by the National Academies examined the percentage of underrepresented groups
across a wider range of sub-groups than the NSF report, including the college-aged population and the
K-12 population (National Academies, 2011). Yet, this study presented the percentages from a single
year, therefore lacking the longitudinal scope necessary to examine the STEM education pipeline.
Analyses emphasizing proportional representation have been used in limited scope before. Research on
the effects Historically Black Colleges and Universities (HBCUs) and Women’s Colleges have on STEM
participation among underrepresented groups has included some use of proportional analyses. For
example, research found that while HBCUs accounted for 22% of all bachelor’s degrees awarded to
Africa-American students, these schools produced 30% of all STEM bachelor’s awarded to Black students
(Perna, 2007), suggesting the importance of HBCUs in broadening STEM participation. This method of
analysis, however, has not to date been applied across all gender and racial groups.
This paper will examine proportional representation in postsecondarySTEM education. A novel metric
will be presented that can be to quickly understand the proportional representation of a group in both
the college population relative to the college-aged population and in STEM degrees awarded relative to
all degrees awarded. Representation will be presented as an expected value comparing two proportions.
When examining representation of a group in STEM fields, this expected value will represent their share
of STEM degrees relative to their share of all bachelor’s degrees, with the expectation that a group
should have equal proportions in both. Similarly, when examining representation of a group in college
graduates, the value will represent their share of bachelor’s degrees relative to their share of the US
college-aged population. This expected ranges in value from 0 to infinity. A representation value of 1.0
denotes proportional representation, while a level below or above denotes under- and
overrepresentation, respectively.
We will argue that this metric provides policy makers a new insight into representation in postsecondary
STEM education. Policy discussions will be well served by using this new metric in conjunction with
traditional measures of STEM participation.
Preliminary analysis with this metricshows that traditionally underrepresented minority (URM) groups
are still underrepresented in post-secondary STEM fields, with a STEM representation metric of 0.85 in
2012. Furthermore, the analysis shows that the representation gap between URM students and nonURM students has widened since the early 2000s. Until the late 2000s, URM men were actually overrepresented in STEM fields relative to their proportion of bachelor’s degrees. Declining to a
representation metric of 0.9 in STEM fields, URM men have now reached parity with non-URM women,
who have seen a steady increase in their relative representation in STEM since the early 2000s.
Additionally, URM women have remained level in their relative representation in STEM fields since the
mid-1990s at approximately 0.75 representation.
National Academies. (2011). Expanding Underrepresented Minority Participation National Academies
Press. National Center for Science and Engineering Statistics. (2015). Women, Minorities, and Persons
with Disabilities in Science and Engineering. National Science Foundation. National Science and
Technology Council. (2013). FEDERAL SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS
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(STEM) EDUCATION--5-YEAR STRATEGIC PLAN. Perna, L. L.-W., V.; Drezner, N.D.; Gasman, M.; Yoon, S.;
Bose, E.; Gary, S. (2007). The Contribution of HBCUs to the Preparation of African American Women for
STEM Careers: A Case Study. Research in Higher Education, 50(1), 1-23.

What Happened? Student Perceived Outcomes of Undergraduate Research Participation
Susan Losh and Brandon Nzekwe
College personnel often encourage undergraduate research engagement as one important way to
involve students in campus life, increase retention, bolster marketable skills, and increase
underrepresented groups in science and technology (STEM) fields. But how do undergraduates
themselves view the personal and professional outcomes of research participation? How do their
perceptions vary compared to other college activities?
In this abstract we present our overall research problem, an abbreviated literature review, and some
sample results. We utilize a situated learning perspective in reviewing institutional studies on student
engagement. Student research experiences enable learning in context. Although concentrated in the life
and physical sciences, research activities potentially could benefit all majors.
Under the auspices of a public southeast major Doctoral Research University Office of Undergraduate
Research, in mid-2013 we invited 30,744 undergraduates to complete an online survey on
“undergraduate experiences”. Items tapped demographics, research attitudes and several campus
experiences . Respondent demographics, 13 perceived outcome Likert items (including a two-factor
confirmatory analysis solution loadings) describing Personal Development and Professional
Development during college were examined. 7,469 students completed virtually all questions.
Multivariate predictors include gender, race/ethnicity, college level, academic major, and first
generation student status. Space here precludes describing all analyses although supporting tables are
included in the presentation.
27% of these undergraduates reported a research experience (more common among seniors, Asian
Americans, continuing generation, and STEM students). Tables include t-tests on the perceived
collegiate outcome items by research activities, a two factor Confirmatory Factor Analysis, and multiple
regressions on the Personal and Professional Development factors
Surprisingly, we found that research participants rated their personal and professional college outcomes
less positively than other students, although overall differences were small, reaching conventional
statistical significance in part through the large n. When we conducted paired t-tests to compare
research participants only on how they assessed research versus non-research college activities; they
were more satisfied with their research experience outcomes than comparable “college experiences”
on 9 out of 13 items.
We next examined a general hypothesis that the students involved in research were less engaged with
other campus activities and perhaps more isolated than other undergraduates, possibly because of their
concentration on scholastic and pre-professional activities. However, in fact, those undergraduates
engaged in research participated more in other campus activities as well. Indeed, students felt these
other activities (e.g., academic clubs) more positively promoted their personal and professional
development, but research experiences (and being a STEM major) had more negative outcomes. In
further analyses, the quality of the research experience (e.g., mentorship or social networks) was
important in student perceptions of their education outcomes.
Although campus experiences other than research participation are important, we note that these
results are student self-perceived outcomes; faculty and staff may view these outcomes quite
differently. Complicating multivariate analyses, diverse student populations differentially participate on
campus, e.g., women more often joined academic clubs or “Greek” houses, or engaged in international
study. First generation students less often joined fraternal organizations or clubs or engaged in
international study.
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Thus, how students viewed their college outcomes by research participation was unexpectedly mixed.
Obviously these activities are one route among several to campus integration. But, because activity
participation differs by gender, ethnicity, and first generation college status, such variables moderate
how undergraduates view research and other experiential outcomes . In some respects, the sexes,
different ethnicities or majors, and first versus continuing generation students occupy unique campus
niches. By reaching out to all student populations with a broad message, research activity may hold the
potential able to positively influence student self-perceived college outcomes.

Wearable Technologies & E-Textiles: Mobilizing Girls into the World of STE(A)M
Tiffany Ray
This forum will review the impact of K-12 STEAM (science, technology, engineering, art and math)
education through a year-long case study in an Atlanta, GA charter school. This case study will explore
the unconventional learning opportunities created through fashion design, wearable technology and
coding. The research is focused on the significant impact that relevant, rigorous and engaging STEAM
education has on girls and the advantage that such programming can offer all youth overall during the
school day, after school and summer. The research is aligned to Common Core and Next Generation
Science Standards.
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University-Industry-Government Collaboration for Innovation to Tackle Societal Challenges:
Functions and Mechanisms of Stakeholder Platforms on Smart Cities
Masaru Yarime
Science, technology, and innovation is a critical component of our efforts to tackle societal challenges
we face today. Since the 1980s, when the Bayh-Dole Act was introduced in the United States, many
industrialized countries have introduced policies to encourage innovation through technology transfer
academia to the private sector, often with exclusive agreements on intellectual property rights. While
some successful cases have been reported in transforming knowledge created by university researchers
into industrial products, the existing models of university-industry-government collaboration tend to
focus on narrowly-defined technical issues, mainly targeted to commercial applications. For tackling
societal challenges, a new approach would be required to promote innovation, involving a wider variety
of stakeholders with more diverse knowledge and expertise in scientific and technological fields.
Smart cities and communities are particularly considered to be one of the key areas in which a variety
of science and technological knowledge need to be integrated effectively through collaboration among
multiple actors. A smart city or community would involve an advanced technological system for efficient
electricity supply and applications, incorporating all the behavior of the actors involved, including
generators, distributors, technology developers, and consumers, through an intelligent information
network. As a smart city integrates a diverse mixture of hardware as well as software in a complex way,
different approaches would be possible to introducing and implementing the concept of smart cities and
communities in practice, depending on the economic, social, and environmental conditions and
purposes, such as energy efficiency, operating cost, environmental impact, resilience to external shocks
and disturbances, and accessibility and inclusiveness to end users.
Recently, leading research universities around the world have started to apply their expertise and
sources of innovation to the goal of building smart cities and communities. In this paper, we examine
approximately 80 cases of the leading initiatives led by universities through stakeholder platforms in
Japan, Europe, and the United States. A particular focus is placed on smart cities and communities,
involving relevant stakeholders in academia, industry, and the public sector. A close examination of the
leading initiatives reveals the important functions of university-driven stakeholder platforms in
implementing innovation to address societal challenges. These include the creation of future visions
based on science, setting of concrete and practical goals and targets, joint scenario making with
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stakeholders, securing active participation and serious engagement of stakeholders, collection and
analysis of data on societal needs and demands, development of new technologies and systems through
social experimentation at universities as living laboratories, assessment of impacts with transparency,
objectivity, neutrality, legitimation of innovation in society, provision of effective feedback to decision
makers, incorporation into institutional design, and contribution to agenda setting at regional, national,
and global levels.
On the other hand, difference are also found with regard to the direction and process of technological
development on smart cities and communities between Japan, Europe, and the United States. The
Japanese approach is characterized by a strong focus on sophistication of application technologies for
extensive use of home appliances and electric vehicles. In Europe an emphasis is placed on establishing
a basic infrastructure in which information about the behavior of all the stakeholders is collected and
distributed among the stakeholders appropriately so that the various objectives of the electricity grid
are achieved in a more equitable way. In the United States a strong interest can be observed in creating
and maintaining security through improvement in resilience against physical as well as virtual threats.
These asymmetries in conceptualizing and implementing smart cities reflect the differences in how
knowledge development, stakeholder networks, and institutional environment interact in dynamic and
systemic manners.
The cases highlighted in this paper provide valuable insights into potential ways forward for
collaboratively designing and creating knowledge and implementing innovation to tackle societal
challenges. For follow-up efforts and new projects in the future, however, we still need deal with
remaining challenges. These include how to navigate differing motivations and incentives for serious
engagement and fruitful collaboration among stakeholders, to promote joint initiatives and networking
that contribute to achieving desirable goals and targets and developing complementary skills and
capacities, and to identify the factors and conditions required to promote their successful
implementation.

Origins and Outcomes: Success of Spin-Offs from Universities, Firms, and Government
Research Centers and Laboratories
Jennifer Woolley
Firms that develop from other organizations, often called spin-offs or spin-outs, are a mainstay in
industry creation, market growth, innovation, employment and economic development (Callan, 2001).
Spin-offs are created when intellectual property or knowledge is transferred from one source to form a
new organization (Clarysse & Moray 2004; Parhankangas & Arenius 2003). For example, much of the
early semiconductor industry in Silicon Valley was created through spin-offs from Fairchild
Semiconductor (Saxenian 1994). As such, spin-offs are important to economic growth and the
development, diffusion, and commercialization of nascent technologies.
Parent organizations play a large role in the founding conditions, resource stocks, and strategies of their
progeny spin-offs. It follows that a firm’s lineage is important for its performance (Burton et al 2002;
Shrader & Simon 1997). Indeed, the resources capabilities provided to spin-offs at founding from their
parents influence the spin-offs’ ability to survive (Powers & McDougall 2005; Klepper 2002). But not all
parental organizations are the same; a wide range of organizations create spin-off firms. Spin-offs can
be created when IP or knowledge is moved from one organization and used as the basis of a start-up
(Clarysse & Moray 2004; Parhankangas & Arenius 2003). A spin-off depends on the IP or knowledge on
which it is founded, the organization from which the IP is transferred, and the team transferring the IP
and starting the new firm. Each provides opportunities for heterogeneity in the resulting spin-offs.
Parent organizations vary from private firms to public institutions. Founding teams can include a range
of people including professors, serial entrepreneurs, and researchers. However, much of the current
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research tends to either examine spin-offs as a relatively uniform group or focuses on either academic
or corporate spin-offs.
Only recently has literature emerged that compares the attributes and performance of different types
of spin-offs. This stream of research has focused on the knowledge-based view that specifies that the
foundation of knowledge imprinted on spin-offs by their parent organizations at the beginning
influences their outcomes (Lockett et al 2005). For example, Zahra et al (2007) find that academic and
corporate spin-offs differ in knowledge conversion capabilities, which leads to differences in
productivity, profitability and revenue growth. Wennberg et al (2011) argue that the commercial
knowledge inherited by corporate spin-offs results in higher growth and survival rates when compared
to academic spin-offs lacking such experience. Similarly, Clarysse et al (2011) argue that since academic
spin-offs lack market knowledge, they may benefit from having a broad technology with many
applications, while corporate spin-offs use their superior industry knowledge to benefit from narrow
technologies targeting specific markets.
This work has provided insight into the knowledge-based differences and similarities of academic and
corporate spin-offs; however, many questions remain. Yet, there is a dearth of research on spin-offs
from other types of organizations. In 2014, the U.S. federally funded 25 R&D centers, 10 systems analysis
centers, and six systems engineering centers. Spin-offs from these include Amtech from Los Alamos,
MEMX from Sandia, and Sion Power from Brookhaven. Between 1997 and 2008, Los Alamos enabled
over 50 spin-offs (Engardio 2008). However, government spin-offs have been treated as the same as
other spin-offs or generally neglected in the literature. Given their active role in entrepreneurship and
technology transfer, government spin-offs warrant additional consideration.
This study examines the characteristics and outcomes of de novo firms and three types of spin-offs:
those from universities, firms, and the government. The article begins with a review of work on academic
and corporate spin-offs. The insights from these literature streams are integrated with findings from the
limited work on government spin-offs. Then, I empirically examine how a firm’s origins influence its
outcomes using a database of nanotechnology firms founded between 1981 and 2001. The data are
analyzed using five types of firm outcomes: closure, acquisition, liquidation/bankruptcy, venture capital
and government grants. The findings indicate that academic spin-offs are more likely to obtain venture
capital and government grants while government spin-offs are more likely to be acquired. Start-up firms
with a high proportion of former business executives on the founding team are more likely to close,
while university spin-offs are more likely to obtain venture capital funding. The findings suggest that,
indeed, the characteristics of a firm’s lineage influence its success, however in distinct and provocative
ways that are not well explained by current theory.

Government Regulation of Science-Industry Linkages in Russia
Irina Dezhina
The paper presents status and major changes in relationships between science and business that have
occurred due to introduction of new government policy measures. These measures are aimed at
improvement of knowledge flows between universities, research institutes, and industry. In Russia
government is in fact mediator between science and industry. Total expenditures on R&D as percentage
of GDP are at the level of 1.12% - lower than in most technologically developed countries. At the same
time, the share of government in the total expenditures on R&D is unprecedented high – about 70% and
there was steady growth during the last decade (OECD 2014). This is higher than in other BRIC countries,
to say nothing about industrially developed countries. Government participation is growing not only in
financial terms – regulatory function is also widening.
In the paper, two major policy instruments implemented in the last 5 years in Russia are analyzed:
matching grants for industry to cooperate with universities, and technology platforms as a
communication instrument between science and industry/
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Since 2006 the Russian government assigned to leading universities three major functions: to be centers
of fundamental research, to have strong linkages with industry and thus produce highly demanded
applied research and developments, and to become internationally visible. In order to strengthen
cooperation in R&D between universities and industry the Russian government has introduced an
instrument of matching grants. In this instrument government money are provided to industry but
financing is earmarked: it should be transferred to universities that then develop new technologies for
industry. The results of evaluation of this measure reveal a number of positive side effects (Dezhina,
Simachev 2013), such as:
•
Improved universities’ awareness of industrial/business needs
•
Widening of contacts – creation of consortia (consisting from several universities around one
company)
•
Stabilization of linkages (proved by continued partnership in other projects)
•
Involvement of companies in development of new lecture courses at universities.
Since 2013, budget allocations for applied research started to grow. In the conditions when severe
budget cuts due to economic crisis are expected, orientation towards applied research and closer
linkages with industry is well justified. However, in a long run underestimation of the value of
fundamental research is dangerous because the basis for further genuine technological breakthroughs
may be lost.
Finally, paper presents analysis of the new and not typical for Russia instrument aimed at establishing
linkages among all actors of innovation system – technology platforms. Initiative was announced in 2010,
and its concept was adopted from the EU experience. Government called platforms “communicative
instrument aimed to activate creation of new technologies and products due to synergy of business,
science, government, and civil society”, as stated at the “Strategy for innovation development till the
year 2020”. The results of case studies are presented, showing the pace of developments within
technology platforms. To the date, by judgment of the Russian Ministry of education and science, there
are not more than 7 cases of success among 35 platforms that were established during 2010-2014. In
predominant number of platforms, governmental research institutes and universities play a major role
and industry is not active. Most of platforms have weak international linkages. At the same time, the
successful are platforms where large and medium-sized companies take an active part. In these
platforms a number of R&D projects were initiated that have led to development of new technological
products. Then, platforms recently started to play an important role of “collective expert” helping to
define and evaluate perspective R&D projects (Gutaruk 2014). Therefore in terms of influence on
knowledge flows platforms may become a key instrument.
In conclusion, positive and negative developments in government actions are summarized and the view
on prospects for further development is suggested. Most likely government will widen approach
according to which support of selected universities will be a priority, due to decrease in federal funding.
Substantially better flows between science and industry will not occur in the near future; at the same
time, the intent of the government to support import substitution may become an impulse for
companies to invest more in R&D.
References:
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Toward an Ecological Theory and Policy for Digital Innovations
Ping Wang, Xu Meng and Brian Butler
Digital technologies such as computers, smartphones, and wireless networks are becoming ubiquitous
in many parts of the world. We use digital technologies to innovate the ways we work, live, and play.
These technologies are enabling or embodying new products, processes, business models, and industrial
infrastructure, leading to significant social and economic benefits while posing serious challenges. These
digital innovations, when successfully developed and deployed, are crucial to organizational
performance, economic prosperity, and social well-being. However, success is anything but guaranteed
when innovating with digital technologies. Innovations that are not so successful or have failed are rarely
noticed, yet they waste substantial financial and human resources. Therefore, making policies on digital
technologies, be it adopting big data or supporting net neutrality, is often a dicey challenge. At the core
of this challenge are the widely differentiated outcomes of digital innovations, which beg a fundamental
question: why do some digital innovations succeed while others do not?
To address this question, research has been conducted largely within disciplinary boundaries. Within
each discipline, research has been so focused on one aspect of innovation (e.g., adoption) that other
aspects (e.g., development) are assumed unproblematic. This division of labor has been increasingly
challenged within each discipline and a consensus has emerged from the disciplinary boundaries that,
for an innovation to succeed, both development and adoption matter.
Recent research on innovation ecosystems is promising in developing a much-needed holistic
perspective to bring innovation developers, adopters, others, and their activities together to explain and
shape innovation outcomes. Innovation ecosystems have been conceptualized as aggregations of
interdependent actors and activities supporting innovations at organizational, industry, and national
levels. Yet, beyond basic concepts, innovation research has thus far used the term "ecosystem" just a
metaphor.
In this study, we take the "eco" in innovation ecosystems seriously, by applying organizational ecology
theory and its modeling techniques to explain the evolving outcome of digital innovation. We
conceptualize that the outcome of a digital innovation relies on a community, consisting of organizations
playing different roles (e.g., technology provider, adopter, consultant, and researcher) and sharing
interdependent ties (e.g., adoption, collaboration, and competition). Organizations are free to enter or
leave any innovation community. Thus entries help the community grow; whereas exits hinder growth.
Both entry and exit depend on two ecological processes: symbiosis means that the coexistence of
organizations in a community signals legitimacy, which attracts new entrants (Hypothesis 1);
competition for resources among community members deters new entrants (Hypothesis 2).
To illustrate this ecological perspective, we empirically studied Customer Relationship Management
(CRM), a class of enterprise software that enables innovations in marketing and customer services, and
used the ecology of CRM to explain the dynamic evolution of the CRM innovation community.
Specifically, we collected and analyzed 200 articles on CRM published in the trade magazine
Computerworld during 1998-2007. In these articles, we identified organizations, their relationships, and
the roles played in the CRM community. We then focused on the organizations playing two types of roles
(adopters and technology providers) as they are the most populous groups in the community. Employing
a classic ecological modeling technique (density-dependence modeling), we formulated the rate at
which organizations entered the community to play each role as a function of legitimation and
competition already in the community. We found that, on the one hand, legitimation of CRM innovations
indeed attracted new entrants to offer or adopt CRM; and on the other hand, competition for resources
deterred entrants. Further, the legitimation among CRM adopters seemed to correspond to the
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competition among the providers of CRM, a surprising result that bridges the demand and supply of the
CRM innovation.
These findings suggest: (1) ecological processes can explain substantial variance in innovation outcomes
and thus ecology theory is a valuable addition to the repertoire of theoretical frameworks to guide
innovation policy; (2) ecological modeling techniques provide a much sounder base than metaphors for
making policies on innovations, especially digital innovations that involve novel technological
infrastructure that often breaks traditional industry boundaries; and (3) policy-makers need to monitor
actors and their activities closely in innovation communities so as to optimize symbiosis and competition
for innovation success.

Strategic Behavior of Authentic Producers and Counterfeiters: Evidence from the Indian
Pharmaceutical Sector
Matej Drev, Chirantan Chatterjee and Shreekanth Mahendiran
Trade in counterfeit products accounts for some 5-7% of global trade, amounting to more than $600
billion annually, and presents an important challenge to producers of legitimate goods, especially in
developing countries with poor intellectual property rights protection. Yet, due to a lack of relevant data,
there currently exists only scant empirical evidence on how counterfeit producers interact with
legitimate producers in the market.
Using a novel dataset of medicinal sales in India between 2007 and 2013 and trademark litigation during
the same period, this paper addresses this gap in the literature by examining how strategic market
responses of heterogeneous producers (authentic producers, counterfeiters, potential counterfeiters,
other firms present in the market) evolve when counterfeiting is discovered and acted upon by a
legitimate producer.
Empirically, we disentangle the effect of counterfeiters on heterogeneous producers during every step
of pre- and post- legal adjudication process. These periods include: (a) period during which either the
authentic producers were not aware of any counterfeit sales; (b) period during which the authentic
producer undertake private negotiations with the counterfeiters to curb their market activity; (c) period
during which the authentic producer undertakes legal procedures to counter the counterfeiters, and (d)
period after the judgement in favor or against the counterfeiters. Using a number of identified
trademark infringement cases spanning a variety of pharmaceutical products sold in India in the period
2007-13, and adopting a difference-in-difference regression approach, our analysis provides insights into
strategic behavior regarding pricing, sales, and advertising strategies adopted by heterogeneous
producers during major steps of an evolution of trademark infringement cases against counterfeiters.
Contrary to popular beliefs about the overall enforcement weaknesses in emerging economies, we find
India’s judiciary ability to curb counterfeiting to be more effective than private enforcement strategies
adopted by the legitimate producers of pharmaceutical products. In addition, we find that different
types of producers develop complex strategic responses that change as a trademark case progresses.
Specifically, we find the infringers, in order to maximize profits in anticipation of court proceedings that
could curb their activities, to flood the market with their products using a variety of strategies to increase
sales. Additionally, a court’s verdict (interim injunction) against them forces them to reduce their prices
and withdraw their product from the market. On the other hand, a court’s verdict in favor of them results
in increased prices and sales of the infringing product. Producers of legitimate products, however,
reduce their prices to make their product attractive to their consumers during the period before court
proceedings. During the duration of the court case, however, they increase their prices to signal their
product’s quality. Our results suggest a need for further study to better understand the complexities of
strategic behavior of firms in the presence of counterfeiters.
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Efficiency And Impact Assessment Of Innovation Policy: A DEA Appoach
Arash Hajikhani, Helina Melkas and Jari Porras
Innovation is the main engine of a sustained economic growth that leads to a vibrant economy. However,
innovation depends significantly on overall conditions in the economy, governance, education, and
infrastructure. In such framework conditions, governments have traditionally played an important role
in promoting innovation through various incentives, policies and laws. Having the policies aligned is a
crucial matter in order to have an organic growth within the economy. Therefore, the challenge remains
on how to have an assessment of the efficiency of the policies which transform the country to be more
innovative. In this regard various approaches had been taken for measuring innovation and therefor
indices had long been constructed known as Science, Technology Innovation (STI) indicators which is
dominantly used. In the matter of measurement practices, efforts in the European Union have been
made to measure country innovation capabilities. For instance, these assessments have been done
through objective economic measures, such as Oslo manual series, European Community Innovation
survey (CIS) and the European Innovation Scoreboard (EIS).
Meanwhile, it is increasingly evident that innovation is a social-economical phenomenon and it’s a cause
of Top-down and Bottom-up interaction in a society. Our research concern is how to capture the
efficiency of the government efforts throughout innovation policies into the innovation aspects which
can be seen in society at large. This has been well illustrated in the Global Entrepreneurship Monitor
(GEM) index, which captures an entrepreneurial activity across countries and is the best representative
of its kind so far. Entrepreneurial community as such is playing a key role to stimulate economies, solve
pressing problems and create fulfilling employment opportunities. According to the recent studies, the
venture capital backed companies have a positive impact on the U.S. economy far outweighs its relative
size. Also a venture backed jobs contains 11% of U.S. private sector employment (Heesen 2011). Hence
the challenge is how these attempts for promoting innovation, mainly by governments had been
transformed into more vibrant entrepreneurial culture.
Our approach is to look at the perspective in the form of an input and output where inputs translated to
be the governmental efforts for promoting innovation and the output is measured by the activity of the
entrepreneurial community. Therefore the variables which can interpret the transformation from input
to output has been carefully selected. The study is limited to the European countries scale.
Input variables: indicators illustrating government efforts in fostering and flourishing innovation from
sources such as Global Innovation Index and European Innovation Scoreboard.
Output variables: the attempt is to capture the entrepreneurial activity in the countries, therefore new
data sources have been selected and variables had been constructed. With this vision we looked at
CrunchBase and AngelList as a service which profiles new businesses, startups, their investment rounds
and job vacancies on a global scale.
Methodology: in order to assess the productivity of input efforts to be transformed into output, we
utilized a non-parametric methods dominant in operation research and economies known as Data
Envelopment Analysis (DEA). It is used to empirically measure productive efficiency, which first was
proposed by chance, Cooper and Rhodes (1978). DEA method has been used extensively by scholars in
course of National Innovation System (NIS) performance measurement (Abbasi et al. 2011; Pan et al.
2010; Cai 2011; Chen et al. 2011; Guan & Chen 2011; Hsu 2011).
Expected results: The study gives an overview of the activity level of entrepreneurship in European
countries. Moreover an efficiency measure will be calculated considering governmental support for
promoting innovation as an input with respect of entrepreneurial activity as an output. This indeed will
generate a new scale and ranking accordingly, which emphasis on efficiency rather than proficiency of
innovation policies.
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Uruguayan public policy reform: is there a policy mix for health innovation?
Florencia Antia and Carlos Bianchi
How can health innovation contribute to match social goals and market functioning? This is one of the
main health innovation challenges. Any way to overcome it should include a policy mix that articulate
policies and encourage market functioning.
The aim of this paper is to analyze whether the policy reform in Uruguay of the last decade created a
policy mix for health innovation.
Policy mix refers to the combination, balance and interaction between different polices and policy
instruments to achieve certain outcomes. Innovation policy embraces all public measures that boost or
block innovation activities in a specific area. The policy mix for health innovation includes instruments
elaborated by several public offices. It should articulate, at least, three policy arenas: STI policy, health
policy and industrial policy.
Innovation policy faces a twofold coordination challenge. First, a coordination among public offices,
which usually do not act as a singular actor perfectly coordinated. Second, innovation policy should
provide incentives and regulations that articulate policy objectives with market agent interests. That is
particularly hard in a low innovative context, where knowledge demand from productive agents
experiments chronic weakness.
The analysis of the Uruguayan experience offers an interesting case study of a recent policy reform that
has, at least at a rhetorical level, a systemic approach. Since 2005 the government has promoted a
reform of both health care area and STI policies, which included institutional changes and budget
increases. Nevertheless, even though STI policies proposed a systemic articulation for health area, those
reforms have not been properly articulated. STI national policy is based on horizontal instruments
oriented to the promotion of basic research and innovation activities. Meanwhile, national health
reform was concentrated on health care prevention and health care access extension. But in the
technological field, it only proposed the rationalization of the technological health costs through the
central coordination of high tech medical services. Besides, since 2008, a new generation of industrial
policies was implemented. These policies were oriented by a sectoral logic and included STI dimensions,
but there was almost no connection with other policies.
Based on a qualitative methodology –documentary revision and interviews with public officials and
sectoral experts- we analyze evidence about the evolution of the policy mix for health innovation,
organizing the study through three dimensions:
i) The changing role of the State. The convergence –even in a non-coordinated way- of different public
policies oriented to the health system, shows the new role that the Uruguayan State assumed since
2005.
ii) The articulation of the different policies and instruments that compose the policy mix for health
innovation. We analyze the systemic characteristics of the policy mix by considering: the policy agenda
and rationale; the governance structure; the specific objectives of policies; and its instruments and
implementation in the three public arenas specified above. We also build a health innovation policy
typology based on the classic distinctions between vertical and horizontal policies; demand led and
supply policies; and implicit and explicit policies.
iii)The incidence of innovation policies on market functioning. One of the main objectives of innovation
policies in developing countries is to boost demand for innovation and to create market relationship for
innovation process. Based on evidence from previous works we analyze the challenges of policies
regarding health market barriers and the innovative weakness of productive agents.
Our results show that public policy changes implemented during the last decade implied the creation of
the first STI explicit policies in Uruguay, while the creation of sectoral, health care and industrial policies,
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defines the strategic objectives in healthcare delivery and industrial development. However the
Uruguayan policy reform did not build a policy mix for innovation health with a systemic rationale. Even
if the role of the State was strengthened in both regulation and health care provision, the health reform
was concentrated on the expansion of the health care system. Innovation policies were mainly devoted
to horizontal, supply-side instruments, and there were almost no objectives dealing with innovation in
the health policy agenda.
Besides the interest on the specific policy reform, the analysis of the Uruguayan case offers interesting
lessons for innovation policy in developing countries. A policy mix for health innovation should be
strengthened by articulating the health innovation demand emergent from health care system with
innovation and industrial agendas. It would require a revision of innovation policy instruments, mainly
vertical instruments, to promote the innovation demand in health.

Size and performance for research grants: examining the role of size for centers of excellence
Carter Bloch and Jesper W. Schneider
Central arguments behind the concentration of research funding in centers or larger projects is that it
creates a critical mass (Johnston 1994, Bloch & Sørensen 2014) and that concentrating funding among
top researchers increases production of high quality research and enhances conditions for the
generation of path-breaking research results (Hicks and Katz 2011). Cumulative effects may also play an
important role for research groups or units. The “best” units are argued to benefit from self-enforcing
processes, confirming and strengthening their status, yet there may be limits to cumulative advantages
(Merton 1968, DiPetre and Eirich, 2006; Fortin & Currie, 2013).
The purpose of this paper is to examine the relation between size and performance for research grants,
with particular focus on Centers of Excellence (CoE). Are publication and citation performance increasing
in the size of grants? Can we identify and characterize accumulative processes over grant periods and
what is the impact of past performance and other factors such as collaboration? Size may have a positive
impact on performance if it facilitates research or research collaborations that would not have been fully
possible otherwise, or at least not to the same degree. Conversely, large centers may create
administrative burdens and be less efficient than smaller projects. There may also be a dynamic element
through the accumulation of knowledge and recognition through grants.
More specifically, the paper examines the relation between grant sizes for CoEs, funded by the Danish
National Research Foundation (DNRF), and research performance. In order to examine performance for
a wider range of grants in terms of size, we also include a set of research grants from the Danish Council
for Independent Research (DFF), which are typically much smaller than CoE grants from the DNRF. The
analysis is based on an extensive dataset that includes both grant amounts and lists of journal
publications for each grant. The publication data has then been used to construct a number of indicators
regarding citation impact and collaboration. The sample includes 57 CoE grants from the DNRF and 129
grants from the DFF.
We examine four different measures of research performance: mean normalized citation score (MNCS);
the proportion of highly cited articles (top 10%); overall productivity and productivity of highly cited
articles (top 10%) per million euros.
Two analyses are conducted in the paper. The first and main part is a dynamic panel data analysis using
Generalised Method of Moments (GMM) that examines both the role of time/accumulation and of size
for DNRF CoEs over the course of grant periods. Size is measured by the annual grant amount and by the
annual number of articles. To allow for the possibility of decreasing returns to size, the square of annual
grant amounts is also included. Accumulation of knowledge and expertise through earlier performance
is captured through the lags of publication and citation activity and also through the degree of
collaboration both among grant participants. Finally, the grant year and its square are included to
capture trends in performance over the grant period.
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Secondly, and in order to examine the role of size across a wider range grant amounts, a cross sectional
analysis examines the role of size for overall research performance for both DNRF CoEs and the smaller
DFF grants.
The results of our analysis will be compared with that of earlier work on the relation between size, CoEs
and research performance (such as von Tunzelmann et al. 2003, Ida & Fukazawa 2013, Rogers et al.
2012).
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Institutional challenges for designing strategic and long term innovation policies in Mexico.
Marco Jaso-Sanchez and Juanmanuel Corona-Alcantar
Mexican science and technology policy (S&TP) has been formally operating since 1970, when the
National Council for Science and Technology (CONACYT) was founded, however the introduction of
innovation objectives and goals, as well as, strategic planning approach and methods were incipiently
introduced in the early 1990s and more systematically until 2011. Long term strategical planning and
foresight methods are critical for S&TP and its potential impacts in creating national capabilities in
scientific, technological and innovation knowledge. Nonetheless in the Mexican case, far from being
institutionalized as a regular practice, these timid efforts have been struggling to become formalized
and methodologically deepened as permanent activities within the STI policy cycle, which represent one
of the main weaknesses of the Mexican STI policy initiatives.
This paper is intended to analyze institutional hindrances and challenges for the introduction and
implementation of strategic methods and contents for designing national innovation policies in Mexico
during the period 1970-2011. We are interested in identifying and charactering the different approaches
and methodologies that have been implemented at federal level for building diagnosis, selecting
priorities and goal setting. In this sense, we are also concerned with the analysis of the role of long term
planning and technology foresight initiatives as an expected component of innovation policies. Finally,
this paper searches into the main institutional failures which may explain why these approaches have
not been formally and systematically implemented by the Mexican government.
This study is based on a historical policy analysis perspective and draws its main inputs from a couple of
projects. The first one was an academic endeavor coordinated by the Scientific and Technological
Consultative Forum (FCCyT)(Casas et al. 2013). The second project is a current research endeavor aimed
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at understanding the institutional challenges that technology foresight has been facing to become a
recognized approach to deal with consensus building, priority identification, collaboration and long term
planning in Mexico.
Our paper will be structured into five sections. Firstly, we provide a conceptual framework to observe
and select relevant categories for the rational design of STI policies. This framework will contextualize
our definition of strategic STI innovation policies in which the development and selection of long term
scenarios has been a useful component. Additionally, we rely on some institutionalist concepts to
understand the interaction of formal and informal rules and routines within the policy arena.
Particularly, we benefit from the ideational and discursive institutionalism approach to observe and
analyze the role of different actors in the designing of policy measures. (Surel, Y., 2000; Genieys, W., and
M. Smyrl, 2008; y Schmidt, V.A., 2008)
Secondly, we review the historical background in the designing of national innovative policies from 1970
to 2011. In this way we try to observe to what extent, during this period, national STI policy has benefited
or not from the learning of its practitioners and scholars; whether it has incorporated strategic elements
for the conduction of strategic polices and programs; we observe its time span and to what extent it has
been fragmented and locked into particular trajectories.
Thirdly, we deepen our analysis by focusing on a particular initiative as a case study. We review the
context, development, characteristics and results of the FCCyT’s initiative entitled “National Strategic
Objectives for the Special Program for Science, Technology and Innovation 2012-2037: Principles, criteria
and methodology”. We analyze this experience in the context of recent reforms in the STI law (2011)
and within the transition process between two political administrations, both in CONACYT as in the
FCCyT.
Fourthly, in a next section we analyze the institutional challenges for the incorporation of long term
planning and the conduction of technology foresight exercises. For this purpose we characterize the
development of different policy approaches, the role of incumbent actors and the interaction of
foresight specialists with policy makers.
Finally, we reflect on the main institutional challenges for the implementation of theoretically sound
methods for the designing of strategic STI Policies, as well as for the introduction of long term planning
and technology foresight. We link the institutional analysis at macro level in the STI policy arena with
the meso level while analyzing organizational dynamics in CONACYT, FCCYT and science academies
among other relevant actors.
Complete references emailed to D. Hicks, including them exceeded the abstract length limit.
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A Punctuated Equilibrium Theory of Investment in High-Performance Computing
Amy W. Apon, Alexander Herzog, Linh B. Ngo, Michael E. Payne and Paul W. Wilson
CONTEXT: The rapid increase in computing power allows researchers to manipulate and analyze
increasingly large data sets, enabling a new form of data-intensive research that some have named the
"Fourth Paradigm" of scientific discovery (Hey et al., 2009). Because data-intensive research requires
costly computing infrastructure, significant investments by US funding agencies have been provided to
support locally available high performance computing (HPC) resources. In previous research (e.g. Apon
et al., 2015) we have found that the average technical efficiency in producing research outputs of
academic departments that have access to HPC resources is higher than of departments without local
HPC access. This raises the question whether funding for HPC has also transformed the nature of
research and types of collaborations as suggested by the Fourth Paradigm. Can we quantify the change
that HPC has made to the paradigms of scientific discovery, and can we observe acceleration of this
change by funding for local HPC resources?
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CONTRIBUTION: This paper advances previous research in two ways. First, building on punctuated
equilibrium theory in public policy making (Baumgartner & Jones, 2009) we argue that access to local
HPC resources has the potential to accelerate the shift towards the Fourth Paradigm of scientific
discovery and to lead to a new equilibrium of research production. This punctuated equilibrium is
characterized by (a) an increase in research based on computational methods, and (b) a shift towards
"Mode 2" (Gibbons et al., 1994) knowledge production in which increasingly interdisciplinary teams of
scholars collaborate to produce results. Institutions without locally available HPC resources, in contrast,
will continue to produce the same type of research or only gradually move towards a new data-driven
research equilibrium that is more difficult to sustain over a long period of time.
Second, we advance existing work by developing new empirical measures of research output. Research
in higher education has traditionally relied on bibliometric indices to measure research efficiency, such
as the number of publications or citations. A shortcoming of these indices is that they only provide a
broad characterization of research output, but say little about the nature of the research that is done
and the technology used in producing results (Toutkoushian & Webber, 2011). This is particularly
problematic in the evaluation of funding for HPC or other technologies, where the goal of investment is
not primarily to increase absolute numbers of research output, but to support capabilities in dataintensive science and engineering, and to enable researchers to produce output more efficiently.
METHODS: Testing our punctuated equilibrium theory of investment in HPC requires data across many
institutions and over a long time period. To this end, we are using a novel data set that combines
publication resources from an industrial partner with publicly available data sets. These data include
information from about 200 US High and Very High research active universities from 1996 forward.
We develop innovative applications of content analysis to measure changes in the nature of research
and its degree of interdisciplinarity. We do this by applying dynamic Latent Dirichlet Allocation (LDA) to
our large database of scientific article abstracts that includes all published work in Chemistry, Economics,
and Computer Science from 1996 to 2013. Analyzing articles in each discipline over a long period allows
us to track changes in the development of research topics over time, and to identify whether there are
significant differences in the proportions of topics related to computational methods before and after
an institution invested in local HPC resources.
To measure the degree of interdisciplinary research, we test alternative bibliometric indicators based
on citation analysis (e.g. Wagner et al., 2011). For example, counting the number of different academic
fields cited in a paper or the number of citations outside the field in which a paper was published allows
us to capture its wider degree of knowledge integration (Rafols & Meyer, 2010).
RESULTS: Our evaluation of a punctuated equilibrium theory of HPC investment will provide new insights
into the short-term and long-term effects of technology-related funding. Our results will show whether
there is empirical evidence for a shift towards more computationally driven research, whether locally
available HPC resources accelerates this shift, and whether there are alternative pathways that require
less funding, but perhaps proceed more gradually and at a slower pace. Because we analyze changes in
the nature of research over a significantly long time period after local HPC resources become accessible,
we are furthermore able to test whether investments lead to a new stable equilibrium of knowledge
production.

Return to R&D subsidy: financial and real frictions explaining firm behaviour in R&D
adjustment decisions.
Bianca Poti and Giovanni Cerulli
In public policies supporting business R&D, companies are not only selected for treatment, but also
awarded a different amount of support. The continuous treatment frame allows to investigate the form
of the function of average treatment effects over all possible values of the treatment levels. Recent
literature on public program evaluation has found out a convergent result of decreasing relation
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between the level of subsidy and the outcome (R&D additionality), as well as a notable substitution
between private and public funds occurring for high intensity of public subsidy. However, such empirical
evidence didn't find yet a sound theoretical explanation and this study aims at filling this gap. The
innovative content of the paper rests on combining three streams of economic literature: (i) the policy
ex-post evaluation literature, i.e. the R&D response function to different levels of subsidies; (ii) firms
investment models introducing financial constraints; (iii) firm investment models including (convex and
non convex) costs of adjustment.
We refer to a vast set of studies to explain an heterogeneous sensitivity of firm investment to cash-flow
injections: (i) models of investment including financial constraints (Fazzari et al., 1988; Kaplan and
Zingales, 1997; Alti, 2003; Coad, 2010; for a survey Carreira and Silva, 2010); (ii) investment/capital
adjustment cost models (Eisner and Strotz, 1963; Lucas, 1967; Gould, 1968; Treadway, 1971; Caballero
and Engel, 1999; Abel and Eberly, 1998). The literature on R&D policy evaluation recognised that
financial constraints have a negative impact on R&D investments, both in the meaning of “external”
financial constraints, due to information asymmetry and agency problem and of ”internal” financial
constraints, deriving from the availability of cash flow, i.e. from firm past net-profit. In this framework,
subsidies are interpreted as an external injection (or shock) of cash-flow, which could also impact as
positive signal towards external source of funds, allowing higher additional R&D investments. In the last
20 years a breakthrough in the literature on investment determinants concerned the introduction of a
combination of financial and real frictions and the relevance of non linearities in the responsiveness of
investment to fundamentals. We consider this a route to explore also within the policy evaluation
studies. The positive or negative elasticity of R&D investment to different dose of subsidy depends on
the interaction among many factors, which we can regroup in financial condition (liquidity constraints)
and sunk costs (different types of adjustment costs), conditioned on firm’s structural characters.
We estimated the effect of public research and development (R&D) support on company R&D
performance by an application of a dose-response econometric model (continuous treatment model)
proposed by Cerulli (2014) to real data. We employed a cross-section combining the 8th, 9th and 10th
Unicredit surveys collecting a large body of information on various characteristics and activities of a
sample of Italian companies. All surveys are built by stratifying on sector, size and location, thus being
representative of Italian manufacturing companies with more than 10 employees. The final dataset has
merged with companies’ balance sheet data coming from the AIDA archive. The specification of the
output equation comes from the widely accepted view of the main drivers of company R&D performance
in the R&D policy evaluation literature (David et al., 2000; Cerulli and Potì, 2012). We make a detailed
exploration of the support-intensity response functions, by looking both at the pattern of the average
treatment effects conditional on the covariates and at the factors which characterize and discriminate
the two sub-groups of beneficiary firm through a multivariate probit analysis.
The application of a dose-response model resulted in a positive effect of the R&D subsidy policy driven
by companies getting a comparatively lower share of R&D covered by public support (no more than
around 20% or 15% for gross and net R&D respectively). The public investment dose reaches a threshold
after which there is no further advantage to invest public resources. This is a result common to other
empirical studies using a dose–response model. These results ask for a better understanding of the
reasons and factors impacting on this counterintuitive conclusion.
Three clear results can be drawn from our study: (i) liquidity constraints or funding structure discriminate
between different firm response to the public subsidy; (ii) the size of the R&D project, used as a proxy
of fixed adjusting costs, discourages firm additionality behavior; (iii) there is a positive association
between firm size and R&D additionality: larger firms are more responsive to public subsidy than smaller
ones, a result that would ask for a rethinking of R&D policy design, especially those formally directed to
SMEs.
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Approximating Exogenous Variation in R&D: SBIR Projects and State Matching Funds
Maryann Feldman and Lauren Lanahan
The theoretical rationale for public R&amp;D is well established; however, empirical studies clarifying
the most effective means of investment are lacking. This paper exploits policy discontinuities at state
borders to examine the differential effect of R&amp;D policy on innovative projects. The Small Business
Innovation Research (SBIR) State Match program provides a useful context to examine this variation by
offering a noncompetitive match to successful SBIR Phase I projects that are then eligible to compete
for the larger SBIR Phase II award.
This paper includes the population of Phase I awards for two states with the State Match – Kentucky and
North Carolina – and four contiguous states without the State Match – Arkansas, Missouri, South
Carolina and Virginia. Importantly, the two treated states were selected given that they adopted the
program in 2006 and 2005, respectively, and offer varying sizes of the match. This allows for a differential
and marginal examination of the policy. Placed within the context of the federal SBIR program, between
state comparisons are feasible given that the population of Phase I projects achieved a minimum level
of competency through the federal SBIR review. Moreover, this approach offers a strong design not only
to treat the noncompetitive State Match as an exogenous increase to the R&amp;D investment, but also
to examine innovation policy directed toward projects rather than firms.
Results point to a heterogeneous treatment effect. Most notably, in contrast to projects without the
State Match, the results indicate that additional funding improved the competitiveness of Phase I
recipients competing for the Phase II awards among projects with a directed focus in the basic sciences
– NSF and DHHS funded – and with less prior success with the SBIR program. Results from a comparison
of means test indicate that these firms in particular are smaller and younger than the average SBIR
recipients. Results from the marginal analysis also found positive effects of the program; for this set of
models, the results indicate that more money is worth more when invested in projects with less
experience with the program. Program success was defined as securing the Phase II award; however,
employment change was also considered. The results for these models were not robust; this is likely due
to measurement error with this metric.
The policy implications extend to both state and federal policymakers and firms invested in innovative
research. Rather than offering a blanket policy of a standard State Match – as is the standard practice –
policymakers may want to tailor the award. State policymakers may view these results as evidence that
marginal investments can leverage significant follow on funding when invested in specific types of
innovative endeavors. Federal policymakers, on the other hand, may consider adjusting the structure of
the SBIR Phase I award for certain programs.
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Responsible Research and Innovation in practice – early insights from the UK’s new synthetic
biology research centres
Yanchao Li, Philip Shapira and Abdullah Gök
Emerging technologies, especially when they raise significant combinations of societal, economic,
environmental health and safety, and ethical implications, are today subject to increased deliberation,
at times generating concerns about how (and if indeed whether) such technologies should be developed.
During the past decade or so, “responsible research and innovation” (RRI) (alongside related concepts
such as responsible innovation, responsible research and responsible development) has emerged as a
strong theme in new initiatives to rationally govern emerging technologies. RRI has gained growing
visibility in European public and policy discourses related to science, technology and innovation. RRI has
been put forward in various ways, but all definitions have more or less contained considerations of
reflexivity, anticipation, participation, responsiveness and inclusiveness. However, the connotation of
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RRI continues to be debated, with a range of frameworks and implementation strategies proposed by
various stakeholders. Some are general, conceptual frameworks aiming to assist the governance of
research and innovation with RRI taken into account. Others are technology-specific approaches, such
as those delimitated for synthetic biology. Thus far, the available literature mostly focuses at high-levels,
adopting normative and policy perspectives. Broad governance and regulatory frameworks have been a
focus of discussion. Yet, what is less-well documented is how RRI is being implemented in practice, and
how it is shaped by various factors including the incentives and interests of key participants and
stakeholders.
This paper contributes to a better understanding of the real-time application of RRI by examining the
case of newly-established network of synthetic biology research centres in the UK. Under the framework
of a UK roadmap for synthetic biology, six multidisciplinary synthetic biology research centres were
established in 2014 with sponsorship from the Biotechnology and Biological Sciences Research Council.
A national synthetic biology innovation and knowledge centre is also supported by the Engineering and
Physical Sciences Research Council. Thus far, the UK has committed about £200m ($295m) in public
investment to generate a critical mass of synthetic biology research. The aim is to build a knowledge
base to commercialise new applications of synthetic biology in a series of sectors including agriculture,
chemicals, energy, and medicine. At the same time, there is recognition that synthetic biology raises
concerns about the ethics and potential environmental, health and safety risks associated with the
engineering of nature, as well as issues such as the ownership and control of synthetically-engineered
organisms and the effects on existing sectors and workforces. Each of the new UK synthetic biology
centres incorporates a responsible research and innovation component. Significantly, while overall
frameworks are set out by the research sponsors and the UK synthetic biology roadmap, each centre
has flexibility in how it interfaces RRI considerations with its research and commercialisation strategies.
The variations in RRI approaches adopted by the UK synthetic biology research centres not only reflect
differences in scientific research targets and sector orientations but also in how each centre interprets
the meaning and practice of RRI. In the still early evolution of RRI, this process of experimentation offers
an important opportunity for exploration and reflection. The paper takes up this opportunity by
examining how the UK synthetic biology research centres understand and translate broad RRI
frameworks into specific practices and activities, how key participants and stakeholders shape these
strategies, and what early implications can be drawn. We adopt a comparative case study research
design, building on our own role and access as contributors to RRI processes within one of these research
centres. The research involves (1) scoping the contexts of both synthetic biology and RRI, using
bibliometric and social network analysis to gain an understanding of who is working with whom in the
areas of synthetic biology and RRI in the UK; (2) identifying key policy and centre statements and
documents related to research and commercialisation strategies and RRI; and (3) interviews and focus
groups with researchers and practitioners associated with the UK synthetic biology research centres.
Analysis of this information will allow us to better understand both the varieties and communities of
practice of RRI in synthetic biology and to probe key factors and stakeholders driving the
operationalization of RRI. Our assessment of these practices, and the interactions between normative
framework mandates and centre- and researcher-level translations, will offer important early insights
related to the governance of synthetic biology (and other emerging technologies) through a networked
embedded centre-based approach.

Innovation for Development: mechanisms, opportunities and tools for addressing global
inequality and poverty
Chux Daniels, Gillian Marcelle and Shahid Vawda
The concept of Innovation for Development in science, technology and innovation (STI), development
and policy discourse, is now a major focus in both developing and developed countries academic and
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government institutions, including the African Union, the OECD, the United Nations and the World Bank.
The multiplicity of organisations has led to the generation of many definitions of the term inclusive
innovation and the related concept of innovation as a tool for inclusive development.
In spite of the differences in current definitions, terminologies and frameworks, there is consensus that
innovation for development can be a very important tool in making STI relevant for the wider society
and communities (Marcelle 2012, 2014, Marcelle et al, 2013; UNCTAD, 2014) particularly to those
outside formal institutional settings, thereby contributing to growth and socio-economic development
(Kraemer‐Mbula and Wamae, 2010). In spite of huge technological advances and innovation, “increasing
inequalities spread starvation, violence and despair around the globe” (Soares and Cassiolato, 2013, p1).
In this paper we make the case for a critical assessment of the current understanding and framing of
innovation for development in order to provide greater conceptual clarity and facilitate the emergence
of innovation ecosystems. We start with literature review and discussions on the choice of innovation
for development terminologies, which we observe, reflects North-South dichotomies. We explore how
innovation for development is defined, theorised and conceptualised in scholarly and policy literature,
and referred to by terms which include: grassroots (Gupta et al., 2003; Gupta, 2012), frugal (Zeschky et
al., 2011) and pro-poor (World Bank, 2010; Iizuka and SadreGhazi 2011). Others are, innovation for social
purposes, community-based and bottom-up, (Fressoli et al., 2011; Smith et al., 2014); base/bottom of
the pyramid (BOP) (Prahaland and Hart, 2002; Prahalad, 2006; 2012), below the radar (Chataway et al.,
2009), and reverse innovation (Agarwal and Brem, 2012).
We show that the substantial conceptual differences that exists in literature (Daniels, 2014; Smith et al.,
2014) have led to ambiguities in our knowledge and understanding of innovation for development
resulting in nuances in policy focus and emphasis, as well as lack of conceptual clarity. We submit that a
revisit of this area of research is important in enhancing conceptual clarity on innovation for
development.
Next we examine the proposals made for innovation ecosystems that can facilitate development
outcomes. This includes delineating the types of claims made about institutions, landscape and
innovation dynamics, as well as the roles and performance of actors (UNCTAD, 2011; Foster and Heeks,
2013). The comprehensive review will distill and analyse the implications of this variation. Some of the
relevant material to be reviewed, will include but not be limited to the treatments of key actors,
practitioners; intermediaries and institutions (formal and informal) in areas such as learning, knowledge
generation, capacity building (Muchie et al., 2003; Marcelle, 2004; Berdegué, 2005; Bell, 2007; Oyeyinka,
2012); inequality and poverty reduction (Cozzens and Kaplinsky 2009; Arocena and Sutz, 2010; Cozzens,
2010; OECD, 2012; World Bank, 2013).
There is a small but emerging body of work based on empirical studies that attempt to demonstrate the
contribution of innovation to socio-economic development and these case studies and illustrative
examples convey evidence relating to the potential and actual contribution of reconfigured innovation
to development and impacts on selected poor and marginalised sectors such as youth, women, disabled
citizens (Gupta, 2003; Lorentzen and Mohamed 2009; Cozzens and Sutz, 2012).
The analysis of this material permits drawing fresh insights obtained, we map the challenges and gaps
identified and make recommendations for improvements on capability, knowledge production and
dissemination, learning, innovation ecosystems and relevant institutional frameworks.
In the final section we address issues related to public (including innovation) policies and policy support
for innovation for development which has been observed to be weak or non-existent in most countries
(Gupta, 2013; OECD 2013; Daniels, 2014; Marcelle, 2014; UNCTAD, 2014).
In conclusion, our findings indicate that innovation for development offers substantial development
opportunities and can be a useful mechanism for integrating various groups into the broader innovation
ecosystem and national economic activity. If it is done successfully, it will facilitate social cohesion,
entrepreneurship and job creation thus providing opportunities and tools for addressing global
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inequality and poverty, development challenges and policy goals and ensuring that innovation responds
to societal needs.

Strategic Priorities in STI Policies in Developing Countries
Roxana Rivera
We live in a fast changing world in which inequality, unemployment, poverty, low rates of life
expectancy, child malnutrition and high rates of infant mortality represent tremendous social
challenges, especially in developing countries. Science, technology and innovation (STI) policies could be
means to trigger a dynamic integration of science, technology and innovation in the development of
sustainable processes of social inclusion.
The concern for determining priorities in scientific and technological research has been key since the
beginning of the STI policies. It can be seen the way in which more developed countries have successfully
established their policy priorities.
What happens with the STI policies in developing countries, like those of Latin America? Certainly,
attempts at creating programs or blueprints to plan scientific activity have been polemical, especially
among the main actors of corporate economy. The persistency of social inequality in the region can be
seen as a sign of the fact that, to date, social and STI policies have not been effective. In the specific case
of STI policy in Mexico, it can be said that it is an isolated policy, determined without targeting poverty
and social inequality. This is why is important to ask how were built STI policies in countries in which
they have been instrumental to lower poverty and social inequality?
This paper seeks to analyze and compare different approaches used in the selection of priorities in STI
policies in several Latin American countries (Argentina, Brasil, Colombia, Chile and Mexico), with
particular focus in the case of Mexico. In each case, it will be important to identify their particular
strengths and weaknesses.
The hypothesis to be defended is that there exists coincidences in the majority of selected priorities with
developed countries as per developing countries. The definition of these priorities does not consider the
overall dynamics and fundamental aspects: i.e., the context of production vis-à-vis the context of
application, the actors involved, the expectations and the problems that look forward to solve. These
dimensions are, beside, part of different economic and social dynamics that is necessary to consider in
order for the priority selection to be effective.
After proving this hypothesis, it will be proposed and supported the use of the analytical category of
Strategic Priorities, considering the elements necessary for its definition. As will be shown, Strategic
Priorities allow us to establish a comprehensive process to improve living standards, addressing real
social problems from the outset.
The analysis I propose will be focused on the public policies. It’s important to notice that efficacy in
public policies is based upon the ability they have to adapt themselves to the systems of science and
innovation.
The research this paper is part of, attempts at contributing to de design of theoretical instruments that
allow all the participants in the planning, implementation and assessment of public policies determine
a set of Strategic Priorities according with its scientific and technological capacities and needs, in a way
that allow to solve social problems within the frame of an inclusive and sustainable economic and social
development.
This paper has three parts. In the first one, it will be presented a brief evaluation of diverse experiences
in developing countries in different times. In the second one, it will be presented a comparative analysis
of five Latin American countries. In the final part it will be proposed and analyzed the category of
Strategic Priorities.
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Grassroots innovation in the Russian context: Prospects and implications
Olga Ustyuzhantseva
Grassroots innovation (GRI) has sparked increasing interest among scholars in various countries, who
are engaged in describing, analysing and conceptualising this phenomenon. Aggregating the research
arguments of Hilmi (2012), Bhaduri and Kumar (2011), Hua, Jiang, and Lin (2010), Smith, Fressoli, and
Thomas (2014), and Gupta (1989, 1992, 2006 and 2014) allows a very general definition of GRI as
innovation by individuals, households, and communities to improve quality of life under conditions of
limited resources and lack of access to formal innovation. The research has also identified some of the
basic elements of GRI development in low- and middle-income countries: a large informal sector of the
economy and a high rate of poverty as the environment for GRI generation; and shortage of resources
(e.g., water, food, energy) or lack of access to them as the driver of the demand for GRI. Among the most
important forces for GRI development are the existence of infrastructure for GRI promotion with active
participation of the government, the academic sector, and business, and recognition of GRI by the
government in order to provide grassroots innovators with needed legal, financial, infrastructural, and
policy support. These elements and GRI itself need to be conceptualised in their social, economic,
cultural, and historical context in relation to national innovation systems (NIS) in order to understand
the position of GRI in the NIS of a given country, the connections and influences these innovations
experience there, and the relationship GRI does or should have with other stakeholders in the country’s
NIS.
GRI concepts applied to developed and developing countries may have limited application for describing
grassroots innovative activity in Russia. The small size of the informal sector (about 17-18 per cent of
the Russian economy), a low rate of absolute poverty, and a large proportion of the population being
highly educated set Russia apart from the GRI environment, triggers, and demands present in developing
countries. A weak civil society, narrow public policy in science, technology, and innovation development,
and lack of interaction between society and government in this area also distinguish the context of
Russian GRI from the European or American ones.
This paper considers GRI in Russia in its multifaceted context and identifies its specifics, its environment,
and its place in the NIS. It examines the innovation policy of Russia, the degree of its inclusiveness, and
the extent to which needs of grassroots people are supported or targeted in this policy. The paper also
discusses the extent to which conditions for emergence of GRI are present in Russia. The prospects and
implications for GRI development and policy interventions in it are summarized, based on selected case
studies, expert interviews, and analysis of policy documents.
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Government and innovation: a comparison of Hong Kong and Singapore
Jue Wang
Singapore and Hong Kong are often placed to compare with each other due to many similarities. They
are both small cities developed from British colonies and experienced an upgrade of industrial structure
from labor intensive industries such as textile and clothing to high tech industries such as electronics
and to banking and financial services (Young 1992). They are both limited by natural resources and
comprised primarily of Chinese population. Their economic performance and competitiveness are rather
comparable, which often places them next to each other in various rankings such as Global
Competitiveness Report (WEF 2014), World Competitiveness Yearbook (IMD 2014), Global Innovation
Index (GII 2014), etc.
Despite of the many similarities, the differences in the development trajectory of these two cities are
also noticeable, one of which is the role of the government. Singapore is known as government-made
city-state for the high level of government intervention in various aspects of the society (Mok 2005). By
contrast, Hong Kong adopts “positive non-intervention” policy that favors free economy and minimizes
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the power of government in influencing the market. The difference is reflected in the innovation policy
in these two regions. Singapore government has been actively implementing a series of strategies and
allocated substantial fund to promote innovation and entrepreneurship. While a similar set of policies
and programs are in place to drive research and innovation in Hong Kong, the scale is much smaller. For
example, the Singapore government provided US$2.1 billion (S$2.7 billion) for R&D in 2012, accounting
for 0.8% of GDP (ASTAR 2013; Table 1.6) . In the same year, the Hong Kong government financed US$0.8
billion (HK$ 6.8 billion) for R&D, only 0.3% of GDP (C&SD 2013).
Given the similarities and differences, Singapore and Hong Kong comprise interesting cases for
comparison. In this paper, we will analyze innovation activities in these two cities and investigate how
government intervention may influence innovation dynamics. It is generally in agreement that a capable
government is important for national economy. Government is one of the determinants for innovation
capacity according to the National Innovation System theory (Nelson 1993) or the Triple Helix theory
(Etzkowitz & Leydesdorff 2000). However, how government should function is still debatable, especially
regarding questions such as what role the government could play and how government could get
involved in innovation. Some argue government should actively advise industrial policy and fund
innovation activities. Others believe government’s main responsibility would be regulating and offering
infrastructure and institutional support, while leaving innovation decisions to the market. Singapore
and Hong Kong are representatives of these two streams. The comparison of innovation activities and
performance in these two cities could shed light on the implication of government involvement in
innovation.

State Energy Policies, Learning Process and Technological Change in the US Wind Industry
Tian Tang
In response to global climate change and energy security concerns, increasing the share of renewable
energy in the electricity supply has been proposed as a promising solution in the United States. Among
all types of renewable energy technologies, US has experienced tremendous technological progress in
wind power over the past two decades and has become the world’s largest wind power country in terms
of annual wind generation since 2008.
This paper examines the determinants of technological change of wind power in US from a learning
perspective. Based on technological learning theories and collaboration theories, this paper uses a panel
of 576 wind projects between 2001 and 2012 to test the effects of state level energy policies, as well as
the impacts of different learning channels – learning through R&D in wind turbine manufacturing
(learning-by-searching), learning from a wind farm operator’s previous installation and operation
experience (learning-by-doing), learning from the experience of other firms (knowledge spillovers), and
learning through collaboration among wind turbine manufacturer, project operator, and the
transmission distribution system owner (learning-by-interacting) — on technological change in the US
wind industry. This paper focuses on two aspects of technological change, which are the performance
improvement in wind farm installation and wind farm operation respectively. Preliminary results suggest
that a turbine manufacturer’s R&D improves the wind farm performance right after the installation
stage. However, experience from the wind farm operator matters more for the operational performance
over time. Particularly, the wind farm operator’s interaction with turbine manufacturers and the
transmission distribution system owners greatly improves wind farm productivity. In addition, the
evidence of knowledge spillovers within a state and the impacts of production-based policies including
production tax credits and the RPS policies provide supports for state level energy policies that
encourage wind power generation.
This study contributes to literature on state renewable energy policies and technological learning
literature. Most existing empirical studies on state renewable energy polices focus on testing whether a
particular policy, such as the renewable portfolio standards (RPS), and tax credits, has led to the diffusion
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of wind power in the form of installed capacity or share of electricity generation. The only one that
examines the impacts of renewable energy polices on the technological change of wind power is the
work of Nemet (2012), which looks at the learning-by-doing effects in wind projects within California.
With a more representative sample of wind projects in US, this research provides a cross-state analysis
for the technological change in wind power, and tests the impacts of other different channels of learning
in addition to the learning-by-doing.
In addition to its contribution to the literature, this paper will be of interest to utility regulators and
other policymakers for energy technology policies. Focusing on the roles of various actors in wind power
industry, this research will increase the understanding of the learning process in the US wind industry.
As a result, it will help policy-makers better target policies to different learning channels so as to improve
the performance of wind farms.

Innovation strategies in Brazil: public policy as a bridge between planning and
implementation
Mariza Almeida and Juan Rogers
The role of institutional agents such as universities, businesses and governments in increasing innovation
has been underlined in the literature on national innovation systems (Nelson and Winter, 1982; Nelso,
2006; Freeman, 1987; Edquist, 1997), regional innovation systems (Cooke, 2001; Malerba and Nelson,
2012) and in the triple helix model (Etzkowitz and Leydesdorff, 2000).
Innovation policy can be defined as public action that influences the process, because the development
and diffusion (product and process) of innovations and their results can be looked at from an economic
standpoint, as well as from a cultural, social, environmental, or military one (Chaminade and Edquist,
2006)
Where the literature on innovation practice, innovation policy and innovation theory come together
there is a constant search for ways to improve the effectiveness and efficiency of innovation policy and
innovative practice. Within this dynamic process, the ideas, reasoning and tools of innovation policy
appear as a result of the ongoing interaction of the agents involved in innovation practice, innovationrelated public intervention strategies and innovation research and theory (Kuhlmann et al., 2010). The
authors recognize the importance of learning processes, including policy learning. It documents the close
interaction between analytical work on innovation and the planning and implementation of innovation
policy.
The Brazilian development characteristics and the integration of innovation policy within this context
after the enactment of the federal Innovation Law, in 2004, the states also began to propose and
approve their own state laws in support of innovation, to also allow state budget resources earmarked
for R&D to be allocated to companies for the purpose of innovation.
A singular characteristic of Brazil’s innovation system is that the university, rather than the business – as
in The Organisation for Economic Co-operation and Development (OECD) countries – is the locus of
innovation, particularly in high-tech areas (Póvoa, 2008).
A survey of the level of innovation in Brazilian industry indicates that the innovation rate is 35.7%,
covering a total of 128,699 businesses employing ten or more people. The greatest innovation was in
internal processes (18.3%), mainly the replacement of machinery and equipment, followed by
innovation in both products and processes (13.4%), while innovation in just products alone was 3.9%.
The distribution of innovation by sector shows that in the service sector, 36.8% of the companies carried
out some kind of innovative activity, while in manufacturing the rate is 35.6% (IBGE/PINTEC, 2013).
The aim of this paper is to further the study of theoretical propositions related to innovation policy and
its assessment by means of indicators, and to analyze how the strategy for the planning and
implementation of innovation policy in Brazil since 2004 with a view to making an additional contribution
to the analyses on this topic that have been carried out to date.
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The role of science, technology and innovation policy in the Central American integration
process
Víctor Gómez-Valenzuela and Kieron Flanagan
Introduction
The analysis of the policy-making process related to science, technology and innovation (STI) in
developing countries is a quite demanding exercise in terms of the limitation in gathering data and
literature. If additionally, the STI analysis is focused on a specific topic such as regional integration and
collaborative research between countries, the difficulty increases significantly. This is the case of the
analysis of the role of STI policies in the Central American integration process.
One of the key steps of such analysis in the CA context consists on framing the STI policy rationale in
relation to the economic integration process. However, when the scope of the analysis includes the
dimensions of economic openness and economic integration in a “multi-scaled” regional context
(national level, regional level, supranational level), in countries with socioeconomic asymmetries and
different degree of institutional development, few tools are left to determine which STI policy rationales
would support certain policy design and the niche in which STI policy fits.
Methodology
This paper aims to explore the role of STI policies in the economic integration process of the relatively
small and open economies of Central America and the Dominican Republic. In order to do so, this paper
focuses on answering two research questions: 1) What role has the definition of STI policies played in
the frame of the Central American integration process? 2) What lessons derive from the attempts to
build a regional STI policy in Central America, in the frame of the Central American Integration System
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(SICA)? The first question highlights the different efforts carried out through time at the regional level,
at the second question implies the analysis of the efforts deployed after the creation of the SICA.
The analysis has been made using two complementary methodological approaches: 1) interviews to key
STI policy makers of the region; and 2) literature review including selected input and output indicators
of STI. The input from key STO policy makers was obtained through the format of “structured
interviews”, which consist on a set of predetermined questions asked in the same order within a verbal
interchange, to explore the perceptions about science, technology and innovation policy models at the
national and regional levels, understanding by ‘region’ the CTCAP´s influence área.
Findings
Including a regional STI policy as a key component of Central American integration process implies to
explore other STI policy rationales to create a mix of policies and instruments that will allow to overcome
the current regional STI policy inertia.
In regards to the first research question, it could be concluded that the Central American integration
process doesn´t yet have a specific rationale that supports the design of STI policies for integration, and
therefore, STI policies have played a marginal role in the overall setting of policies for integration. In
fact, it is possible to find some specific STI policy rationale at the national level but not at the regional
level. The absence of a regional STI policy rationale related to the Central American integration process,
is historically determined by an STI institutional setting with a very narrow perspective about knowledge
production, regardless of the personal characteristics of policy makers. Fortunately, there are some
clues about a new dynamics of policy making on STI that would move the regional organizations towards
an STI policy mix that will allow managing the regional variability, support organizational synergies and
harness national STI capabilities: a partial and encouraging answer for the second research question.
Finally, the current regional STI mechanisms (CTCAP- Commission for the Scientific and Technological
Development of Central America and Panama) and the main economic policy mechanism (SIECA- Central
American Economic Integration Secretary) should increase their formal collaboration in order to build a
regional and comprehensive STI policy frame to deal with the regional variability and specially to
overcome the ´policy of things´. This would imply the definition of a more structural and comprehensive
perspective on STI policy and development.

Scientific Europe or Scientific USA coming together?
Marc Luwel and Erik van Wijk
Introduction
From its very outset a common science and technology policy was an integral part of the ‘European
project’. The First Framework Programme for Research (FP) was launched in 1984. Cross border
collaboration is required in most EU R&D initiatives.
In 2000 the FP was complemented by the ‘European Research Area’ initiative (ERA). Its aim is to achieve
an internal market, in which researchers, scientific knowledge and technology circulate freely.
Strengthening the transnational research cooperation within the EU is one of the ERA objectives. To
monitor cross border scientific collaborations bibliometric indicators based on co-publications have
been developed. Although in the past the European Commission used these indicators to monitor the
development of the EU R&D system, an analysis of the evolution of EU cross border publications is not
included in the 2013 and 2014 ERA Progress Reports.
Research questions, methodology and data
It is well know that over the last decades the business of science has become more international and
cross-border collaboration is on the rise especially for natural and life sciences and the basic disciplines
of engineering
It is against the background of this globalisation that the realisation of the ERA takes place. Given the
different degree of economic and scientific development of the countries publishing papers in journals
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covered by the WoS and their geographic location comparing the evolution of the overall fraction of
internationally co-authored papers processed for the WoS with the fraction of intra-EU publications
yields little information.
In this study the United States is used to benchmark the ERA. The US science and innovation system
gradually developed over more than two centuries. The Federal Government does not use policy tools
to strengthen research collaboration between the states of the Union. Moreover in this benchmarking
exercise an administrative, not an economic or scientific partitioning of the country is used. The United
States Census Bureau defines nine divisions grouping states and the District of Columbia by their
geographic location (https://www.census.gov/geo/maps-data/maps/pdfs/reference/us_regdiv.pdf).
The WoS contains the information of the addresses mentioned in the by-line of the publications; in the
US addresses the state code is one of the elements. This information is used to assign the US publications
to the divisions. For each year in the period 1980-2014 the symmetrical co-publications matrix of the US
divisions is calculated with on the diagonal the number of publications of each US division and on the
off-diagonal entries the number of co-publications between two divisions. To quantify the collaboration
strengths between the US divisions the Salton Index (SI) is calculated. For the EU based on each country
intra-European co-publications the values of SI are calculated for each year. In this abstract only results
for the six EU founding members (EU06) are discussed.
To compare the evolution of the collaboration strength between the US and the EU06, for each year the
average, the median, the maximum and the minimum value of the SI are used.
These indicators provide an overall picture. The same analysis is carried out at the level of research fields
using the OECD Revised Field of Science and Technology (FOS) Classification. In this classification WoS
subject categories are mapped on the scientific fields.
Beside the total number of publications, the top 10% most cited publications are also used to compare
the evolution of the collaborative strength between the USA and the EU06 overall and for different
scientific fields.
Results
Over the whole period the average and median values of SI of the EU06 remains below those of the USA.
For both geographic regions an increase can be observed. For the period after 1990 the value of the
slope of the linear fit for the USA and the EU05 is 0.0028 and 0.0022 (Pearson correlation > 0.99). A
multiple linear regression analysis shows that for the period 1990-2014 the slope of both curves differ
significantly at 5% level. For the 10% most cited publications similar results are obtained.
In a next step this analysis is made for the research fields. Except for chemistry for all disciplines the
average and the median values of the SI of the EU06 are below these of the USA over the entire period.
Only for Mathematics, for Earth and related Environmental Sciences and for Chemistry a ‘catching up’
of the EU06 is observed as the value of the slope of the linear fit is higher than for the USA.
Only for Chemistry a very different picture emerges. In the beginning of the 80’s of last century both the
average and the median values of the SI for the EU06 were less than half that of the USA. Over the next
three decades the growth rate of both indicators was considerably higher for the EU06 than for the USA
and at the end of the period in some years the average and median values are even higher.

The Triple Challenge: The economy, Climate Change and Governance
Jan Fagerberg, Staffan Laestadius and Ben Martin
This paper argues that Europe – as other parts of the world - is confronted by fundamental changes in
its external environment as well as internally, giving rise to several daunting policy challenges, the
solution of which requires a completely new policy stance.
First, there is the economic challenge manifest in slow growth or even stagnation in many developed
countries. This is related to a number of factors. One is the globalization of the world economy and the
rise of new economic powers in Asia and elsewhere, posing a threat to the competiveness of many
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national industries throughout the developed world while at the same time opening up new markets
and opportunities. A second is the extensive and long-lasting impact of the 2007-8 financial crisis and
the measures taken to counter its effects. In recent years, economic stagnation has been especially
pronounced in Europe, where it has led amongst other things to increased differences between rich and
poor countries and to very high levels of unemployment (especially among the young) in large parts of
the continent. Thirdly, there are underlying and persistent structural problems in certain countries that
need to be urgently addressed. Austerity programmes currently underway in a number of European
countries are unlikely to provide a satisfactory solution to these problems. Rather, as we shall argue in
this paper, what is required is a continuous upgrading of skills, technologies and industrial structures in
the countries concerned, and long-term policies – backed up with substantial investment – to make all
this possible.
Second, there is the challenge posed by the climate crisis, the solution of which requires nothing less
than a fundamental transformation from carbon-based growth to a new, sustainable economy. This may
be technologically feasible but is nevertheless extraordinarily difficult to bring about as it challenges
fundamental beliefs regarding the economy and society and our very notion of ‘progress’. Yet without a
successful transformation to a sustainable economy, future generations will be in dire straits. Like the
economic challenge, the climate challenge points to the need for long-term policies supporting the
development of skills, innovation and structural change in Europe.
The third challenge concerns the governance crisis now facing Europe and the difficulties this poses for
policy making and implementation. These difficulties were already becoming apparent before 2008, but
the financial crisis has made them much more severe. A European Union that is struggling with dwindling
popular support for its institutions is finding it difficult to rally its citizens behind adequate responses to
such long-term problems. That task has been made all the more difficult by the hegemonic influence of
neo-liberal ideology over the last two decades, with its blind faith in the supremacy of ‘market solutions’
and its constant belittling of any efforts by ‘the state’.
The paper argues that a completely new policy stance is required, one that simultaneously addresses
the challenges brought about by economic stagnation, by climate change, and by the governance crisis,
as these are indeed closely inter-related. Without growth, greenhouse gas emissions may continue to
decline, although almost certainly not at the pace necessary for their elimination by the end of the
present century. But employment would undoubtedly continue to suffer. A return to the type of growth
that prevailed before the 2007-08 financial crisis, on the other hand, might be good for employment but
certainly not for the climate, as emissions would continue at unsustainably high levels. Is there a way
out of this dilemma? It is argued
that challenges, while often daunting, are also opportunities for doing things differently, and may call
forth - and indeed even require – innovation and entrepreneurship at various levels of society, not only
in private enterprises but also in the public sector and among policy-makers, for their successful
resolution. What is required is a reconceptualization of what is intended by ‘economic development’
and a fundamental transformation of the economy to a new ‘green’ trajectory based on rapidly
diminishing emission of greenhouse gases. This entails a much greater emphasis on innovation in all its
forms (not just technological). Innovation policy must be placed at the very heart of industrial policy and
indeed of economic policy more broadly. While this may well entail certain costs in the short term, it will
undoubtedly bring considerable benefits in the longer term in the form of strengthened industrial
competitiveness, enhanced exports and new jobs. It may also encourage countries in other parts of the
world to follow suit, thereby ensuring that climate change is kept within manageable bounds.
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Combining SAO semantic analysis and morphology analysis to identify technology
opportunities: a case in Dye-Sensitized Solar Cells
Pingping Ma, Xuefeng Wang, Zhinan Wang, Donghua Zhu, Alan L. Porter, Jose M. VicenteGomila and Liliana Mitkova
With the interdisciplinarity of the technology and the explosion of information, it is more difficult to
identify potential technology opportunities from large and varied volumes of scientific and technology
information. Most traditional technology forecasting techniques are subject to limitations in that they
usually depend on qualitative approaches by intuition or simple processes such as extrapolation of past
data. Several emerging tools—e.g., patent map, bibliometric analysis and text mining—have been
proposed to produce substantial output based on empirical evidence like patents or science literatures,
however they cannot reflect key technological findings or structural relationships among components.
Meanwhile, conventional morphology analysis (MA), which has been utilized to identify technology
opportunities, is subject to limitations in that there is no scientific or systematic way in establishing the
morphology of technology. Subject-Action-Object (SAO) semantic analysis, as a fact-oriented modeling,
can explicitly describes the structural relationships among technological components and fully reflects
the specific key-findings.
In this paper, we propose an SAO-based MA method that is supported by a systematic procedure and
quantitative data for concluding the morphology of technology. By listing the occupied configurations
of collected patents, the unoccupied territory of configurations are suggested as technology
opportunities. Moreover, all possible alternatives can be identified, and the potential partner(s) for R&D
collaboration can be examined by SAO semantic structure map. A Dye-Sensitized Solar Cells(DSSCs) case
is exemplified to illustrate the detailed procedure of proposed method. The overall process involves the
following five steps:
(1) Selection of patent documents
The main objective of this step is to select patent documents from a patent database to make the result
containing more relevant patents and less irrelevant ones. To collect patents from the Derwent
Innovation Index database in WOS, a multi-step Boolean retrieval query, which consists of keywords
related to the target technology and International Patent Code, is used.
(2) Identification of key technical problems and key technology components
The main objective of this step is to build the framework for technological morphology matrix consists
of key technology components (dimensions) and key technical problems (shapes). First, we identify the
key technical problems by tech mining and comprehensive document surveys. Second, we identify the
key technology components based on term clumping analysis and principal components analysis by use
of VantagePoint software. We build the framework for technological morphology matrix by taking the
key technology components as dimensions and the key technical problems as shapes.
(3) Extraction and optimization of SAO semantic structures
An SAO semantic structure can be extracted from any description in textual format including the title,
abstract, claims and so on. In general, titles and abstracts are precise and have been regarded as the
most meaningful parts. To extract SAO semantic structures, the abstracts are processed with Goldfire
software from Invention Machine. The optimization of SAO semantic structures is to eliminate noise SAO
models and to get the valuable SAO semantic structures. This process entails three tasks, 1) to filter
unnecessary action words related to the key technology composition, 2) remove noise SAO models that
were extracted due to the limitation of NLP technology, 3) to normalize SAO models by defining the
academic vocabulary/terms, acronym or domain ontology for the particular field.
(4) Generation of technological morphology matrix and technology opportunity analysis
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Based on the result of PCA analysis and the experts’ opinion, we classify the SAO semantic structures
extracted into key technology components or key technical problems, and list the SAO semantic
structures into the framework for technological morphology matrix, so we can form technology
morphological matrix. SAO-based morphology analysis produces a number of undeveloped
morphological combinations, which will help to identify technology opportunities.
(5) Formulation of a SAO semantic structure map
We propose a coordinate figure to illustrate the structures in a key technical problem, entitled the SAO
semantic structure map with a horizontal axis referring to time and a vertical axis referring to key
technology components. From the proposed SAO semantic structure map, we can identify the
innovation pathways, key players (Inventors) and key organizations (Assignees) of the specific keyfindings denoted by SAO semantic structures. It is useful to identify the potential partner(s) for R&D
collaboration in order to exploit technology opportunities.
Finally, the proposed method will be explored and applied in DSSCs sector to verify the validity and
applicability.

The scientific and technological impact of interdisciplinary research
Jian Wang, Bart Thijs and Wolfgang Glänzel
Interdisciplinary research is increasingly recognized as the solution to today’s challenging scientific and
societal problems, but previous studies found inconsistent results in terms of the relationship between
interdisciplinary research and scientific impact. One possible explanation is that they adopted different
measures for interdisciplinarity. Wang, Thijs and Glänzel (2015) used factor analysis to uncover distinct
aspects of interdisciplinarity and investigated their independent dynamics with scientific impact. They
uncovered three factors corresponding to variety, balance, and disparity and found that long-term (13year) citations (1) increase at an increasing rate with variety, (2) decrease with balance, and (3) increase
at a decreasing rate with disparity. Furthermore, interdisciplinarity also affects the process of citation
accumulation: (1) although variety and disparity have positive effects on long-term citations, they have
negative effects on short-term (3-year) citations, and (2) although balance has a negative effect on longterm citations, its negative effect is insignificant in the short run.
Building on Wang, Thijs and Glänzel (2015), this paper makes two contributions. First, instead of looking
at the volume of citations, we examine the disciplinary profile of impact. Using all 2001 Web of Science
research articles, we extract variety, balance, and disparity factors for (1) on the one hand the degree of
interdisciplinarity based on references (i.e., how many disciplines are sourced for the research, how
equal are the roles played by these sourced disciplines, and how distant are these resourced disciplines)
and (2) on the other hand the disciplinary profile of impact based on forward citations (i.e., how many
disciplines are influenced by the focal research, how balanced is the impact across these influenced
disciplines, and how distant are these influenced disciplines). Subsequently we study the relationship
between (1) different dimensions of interdisciplinarity and (2) different aspects of impact.
Second, in addition to scientific impact, we also examine the technological impact as embodied in patent
citations to the scientific literature. While citations from scientific literature are widely used to measure
scientific impact, patent citations are widely used to indicate technological impact and economic values.
Therefore, patent citations allow us to examine the technological impact and economic values of
interdisciplinary research. We extract the number of patent citations to our sampled papers in the EPO
PATSTAT database and study the relationship between interdisciplinarity and patent citations.

Accounting for the Heterogeneity of Subject Categories in the Evaluation of Universities
Daniel Sirtes and Marion Schmidt
In the past decades, comparisons between universities, may it be in the course of national evaluation
exercises or in so called university rankings, have become abundant. One of the problems of such
comparisons and their interpretation is the lack of knowledge concerning the significance of differences
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between two scores or ranks. Recent developments in the field have tried to amend this by introducing
stability intervals through bootstrapping of the actual publication set of a university, as e.g. for the
Leiden Ranking. However, this method is only sensitive to the size of the publication set and the effect
of outliers. In this paper we introduce a way of transforming a different source of uncertainty concerning
impact indicator values into a stability interval that quantifies the coarseness of bibliometric evaluation:
The internal heterogeneity of disciplines subsumed as Subject Categories (SC) in the Web of Science
database (WoS), which are the foundation of classical field-normalized citation indicators such as the
Mean Normalized Citation Score (MNCS). Field normalization has been developed in order to neutralize
the obvious diversity of publication and citation practices between fields and subfields, as a corrective
to otherwise unfair comparisons between the citation impact results of corpora with varying subject
distributions. Various methods for field delineation have been proposed including many proposals for
clustering methods and arguments to determine the correct levels of aggregation. So far, however, no
classification system other than those provided by the database vendors could be established as
standard throughout the bibliometrics community. However, it is evident that the SCs diverge in size
and specificity. Van Eck et al. (2013) provide furthermore strong evidence of heterogeneity within the
medical SCs along the characteristics of clinical and experimental research: The substructures displayed
with the help of term clouds differ significantly in their citation rates along these dimensions. The
authors draw the conclusion that the impact of clinical research is systematically underestimated by
normalized citation indicators. Solving this problem by introducing finer classification systems is not
straight forward, as only further normalization options are created, while the legitimacy of these new
classification schemes is itself questionable.
We introduce a way to quantify such heterogeneity within the SCs. The approach thus combines two
advantages: on the one hand, we continue to work at the level of a standard classification system and
on the other hand, underlying structures on a secondary level are made transparent. In this proof of
concept paper we use keyword terms of all articles and reviews published in journals of several medical
subject categories of one publication year (2008) in WoS. A stemming procedure is carried out which
neutralizes different inflexions. These keyword pairs are used for a coupling procedure of the
publications; Salton’s Cosine is used to neutralize differing amounts of keywords. Ward’s method is used
to cluster the SC’s substructures and the clusters’ Mean Citation Score (MCS(cluster)) are calculated.
Sets of publications affiliated with several German universities were selected.On the basis of the
resulting cluster distributions, a bootstrapping approach is utilized:For each institutional publication
corpus, a random set of MCS(cluster)s equal to the institutional corpus’ size is drawn with replacement
from the clusters’ MCSs with the probabilities equal to the clusters share in the SC. The arithmetic mean
of this combination is calculated and serves as the Expected Citation Score (ECS(i)). Each raw citation
score is then divided by the ECS(i) and the arithmetic mean of the results deliver the MNCS(i). 10’000
iterations of this procedure are executed. Finally, the 2.5% and 97.5% quantiles of this distribution
express the stability of the university’s MNCS. Preliminary results show that clusters can be delineated
and differing topical foci can be identified. While the medical SCs scrutinized display clusters in clinical
and experimental research and the MCS(cluster) differ by up to a 100%, thus corroborating Van Eck et
al.’s results, other facets of heterogeneity also emerge. The stability intervals show ranges smaller but
comparable to the bootstrapping method utilized for the Leiden Ranking.
These two stability calculation methods could be combined and account for both the robustness of the
citation scores given the size and distribution of the publication sets, as well as the underlying
uncertainty of the expected citation rates. We believe that such methods that display the imprecision of
bibliometric point estimates, which especially clients of evaluative bibliometric analyses are prone to
disregard and thus revel or despair at minute changes of their scores and ranks, are an important step
to the correct interpretation of bibliometric indicators.
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Cities and Ideas
Mikko Packalen and Jay Bhattacharya
Faster technological progress has long been considered a key potential benefit of agglomeration.
Physical proximity to others may help inventors adopt new ideas in their work by increasing awareness
about which new ideas exist and by enhancing understanding of the properties and usefulness of new
ideas through a vigorous debate on the ideas' merits (Marshall, 1920). We test a key empirical prediction
of this theory: that inventions in large cities build on newer ideas than inventions in smaller cities. We
analyze the idea inputs of nearly every US patent granted during 1836--2010. We find that a larger city
size provided a considerable advantage in inventive activities during most of the 20th century but that
in recent decades this advantage has eroded.
Full paper available at: www.nber.org/papers/w20920
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Formation and persistence of research communities in Middle Income Countries: the case of
South Africa
Lorena Rivera Leon, Robin Cowan and Moritz Muller
This paper tests empirically the different factors associated with tie formation and tie persistence of
network co-authorships using a longitudinal dataset of the National Research Foundation (NRF) of South
Africa. We highlight three factors: status homophily and cognitive proximity (1), organisational proximity
(2), and social and community structure (3). We find that tie formation is favoured for researchers that
are well connected in the co-authorship network, have high cognitive and organisational proximity, and
are part of the same social communities. In contrast, our results show that nothing matters apart from
cumulative advantage and social structure to make a tie persist.
Publications are increasingly important, if not the most important, measure of research productivity.
Understanding the determinants of collaboration and research outputs at individual and collective levels
can help in the design of research policies focusing on how to boost the quality and quantity of
publication outputs. This is an issue of particular concern in Middle Income Countries (MICs) as their
science systems are typified by scarcity of resources for research. Social network analysis is a tool that
can contribute theoretically and empirically to the understanding of these determinants.
Moreover, in recent years there has been an increase in interest in the economics of science. Most of
the work, however, is done in the context of rich countries, with well-developed science systems. Very
little work is directly concerned with these issues in middle-income (much less poor) countries. But the
constraints under which science systems operate in these countries, and the important role they might
play in technological upgrading, and thus in economic growth in general, implies that there is an
important lacuna in our understanding. This paper aims at this gap.
We use data on rated researchers from the National Research Foundation (NRF) of South Africa. We
analyse individual NRF-rated scholars on the basis of their peer-reviewed publications and the networks
of collaborators evident from those publications, as well as their NRF ratings and scientific domains at
moment of application. We use a longitudinal dataset to analyse the formation and persistence of ties
in the period 2000-2011 for a total of 3,532 researchers.
We analyse two sets of econometric models, one estimating tie formation; and a second one for tie
persistence. We use a probit model to estimate the probability of a first collaboration, and for those ties
that were formed; we use a Cox proportional hazard regression model in order to estimate time to
consequent collaborations.
Our paper gives an important place to the effects of social structure on scientific collaborations. In
particular, we are interested in whether or not membership in a community of researchers has an impact
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on tie formation and persistence. We adopt some of the relatively new techniques for community
detection in networks generally to investigate the meso-level effects of social structure on scientific
collaboration.
We find that tie formation is favoured by researchers being well-connected in the co-authorship
network; for most disciplines, the plurality of collaborations are within discipline. Status homophily is
not a significant predictor of tie formation. In fact, our results suggest the importance of heterophily,
hinting that researchers look for complementary skills and knowledge when collaborating. Cognitive
proximity is an important factor for tie formation, but not for tie persistence, whereas difference in
status is positive for tie formation, but is not significant for tie persistence. Being part of the same social
community is however significant for both tie formation and tie persistence.
What the results suggest is that tie formation and tie persistence are driven by very different types of
forces, and that once a good fit between partners is found a tie will naturally persist, since most of the
explanatory variables do not change with time. Interestingly, the crude interpretation of these results is
that nothing matters apart from cumulative advantage and social structure to make a tie persist.

How innovation policies can shape collaboration networks: A Case Study of Complex
International Science, Technology and Innovation Partnerships
Mackenzie Hird, Sebastian Pfotenhauer, Danielle Wood and Dava Newman
National initiatives to foster innovation have become more complex over the last few decades, reflecting
our more advanced (yet still far from complete) understanding of how innovation works. Despite this
surging complexity in policy, our evaluation tools have not followed suit and frequently lack a way of
accounting for their complex goals and global linkages. In this paper, we focus on understanding the
impact of one such complex policy instrument combining network analysis with a systems architecture
approach. The MIT-Portugal program (MPP) began in 2006 and is a partnership between MIT, eight
Portuguese universities and various industry partners. This program facilitates research collaboration
between researchers in Portugal and at MIT, and supports the education of Portuguese and international
graduate students, many who spend an extended research period at MIT. In particular, we aim to answer
the question: How do the goals and structures of MIT-Portugal Program dictate the collaboration
patterns of participating researchers?
To evaluate the impact of MPP on researchers’ collaborations, we observe how individual and collective
collaboration patterns change, how new collaborative ties are formed and strengthened, what impact
these collaborative ties have on research focus and research output, and how this relates to the
partnership goals and architecture. Here we analyze the network of academic journal article coauthorship between the over 300 faculty participating in MPP. Data was collected from the ISI Web of
Science and Scopus databases on the publications of each faculty member to generate the network of
co-authorship throughout time. We first used a difference-in-difference method to compare our results
to a control group, which is as similar as possible to the MIT-Portugal cohort except for the participation
within the program. The control group is selected from researchers from the same 5 universities and
from three of the same departments as the treatment group. Further, researchers were selected so they
have a similar distribution of number of pre-2006 number of publications and the same spread of junior
and senior faculty. We then used propensity score matching and coarse exact matching to refine this
control group and eliminate any selection bias.
We were able to assess MPP in terms of some of its more complex, less tangible major goals. These goals
include 1) Encourage Portuguese Universities to work closer together build domestic critical mass; 2)
Encourage Portuguese collaboration with MIT; and 3) Conduct high-impact research. In addition, we find
a number of interesting effects on the impact of MPP on the formation of collaboration networks
between participating researchers. MPP-affiliated researchers formed 40% more ties within Portugal
than the control group, the majority of which were with an MPP-affiliated university, research center or
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private partner that was not their home institution. We see a disproportionate impact on the
collaboration networks of Junior and Senior Faculty. We find that researchers can only maintain a
relatively constant number of active research connections at one time and therefore, in order to form
new collaborations with MIT faculty as a part of MPP, we see that participating researchers have to
break existing collaborative ties. However, Junior Faculty can add these new collaborators from MIT
without severing existing collaborative ties, and as such quickly build up a much larger collaborative
network than their control-group counterparts. As such, we see a dramatic difference in the research
output of junior faculty, where they produce over twice as many papers per year as similar researchers
in the control group (as opposed to a modest 25% and 17% increase in output of mid career and senior
faculty respectively). Finally, we examine the formation of future collaborations after an initial research
connection is made, and find that MPP-participating researchers are more likely to be introduced to and
integrated into a new co-authors network of previous collaborators than the control group.
The MIT Portugal Program case is particularly interesting because it’s part of a broader trend, where
governments use these Complex International Science, Technology and Innovation Partnerships
(CISTIPs) to build domestic capacity in science, technology and innovation through collaborations with
globally recognized experts. Future work will focus on developing further cross case comparisons to
CISTIPs that have a wide variation of goals and structures to better understand how such policy decisions
can be used to shape the formation of collaborative networks in research. Such work will better help us
understand how to design future CISTIPs and how to better manage existing ones, ensuring that
investments in such innovation policies are put to effective use.

How does self-organization work? Evidence from international research collaborations
Inga Ulnicane
Several studies on research collaboration have indicated the importance of self-organization of research
community in finding collaborators, exchanging ideas and organizing interactions. Literature on ‘invisible
colleges’ suggests importance of self-organization in scientific communication and formation of research
networks (Crane, 1972; De Solla Price & Beaver, 1966). Some studies of research collaboration associate
self-organization with freedom to choose research collaborators and find it to be an important element
of successful collaborations (Melin, 2000; Wagner & Leydesdorff, 2005). However, the process of ‘selforganization’ in science policy studies is still rather black-boxed and there is relatively little elaboration
about how it works. Often the idea of self-organization in the existing collaboration literature is present
but implicit.
To address this research gap, this paper will analyze evidence from seven long-term international
research collaborations (Ulnicane, 2014) focusing on why and how, and under what conditions selforganization works. The paper aims to explicate the process of self-organization in formation and
organization of research collaborations. Important focus is on interaction between self-organization of
research collaborations and factors such as individual and institutional characteristics and epistemic
properties. Questions addressed include factors facilitating and hampering self-organization, the role of
trust, communication and leadership in self-organization, advantages and risks of self-organization as
well as interaction of self-organization with attempts from research institutions and funding agencies to
steer collaborations. It is particularly interesting to analyze self-organization in case of international
collaborations, where researchers often have to overcome longer geographical distances.
To provide an in-depth understanding and rich insights, and to develop empirically relevant
conceptualization of self-organization process, the paper draws on multiple research methods and data
sources. Seven longitudinal case studies integrate evidence from 61 semi-structured interviews with
collaborating researchers with data on their projects, publications, organizations and CVs.
Collaborations studied involve researchers from five European countries (Germany, the Netherlands,
Belgium, France and the United Kingdom) in and emerging field of nanosciences and technologies.
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Tracing and comparing the formation and development of collaborations lasting over 10 and 20 years
enables a thorough examination of the role of self-organization process, its key features and its
interaction with individual, institutional and epistemic factors.
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Environmental Science and Policy: A Meta-synthesis of Case Studies on Boundary
Organizations and Boundary Spanning Processes
Danielle Jensen-Ryan
This paper contributes to the scholarship of science-policy linkages through a meta-synthesis of
published case studies on boundary organizations and boundary spanning processes. This research is
important as humanity faces increasingly intractable environmental problems characterized by high
uncertainty, complexity, and swift change. How science is developed and applied to policy-making is one
major factor influencing “humanity’s environmental future” (Caldwell 1990). Yet, science is currently
underutilized in environmental policy despite the growing call for effective scientific engagement in
public policy (NSF 2002).
Scholarship from the natural sciences to humanities on science-policy linkages is dominated by boundary
organization theory which argues boundary organizations (formal organizations which are designed to
bridge science and policy) are the best way to bridge the science-policy divide (Guston 2001; O’Mahony
and Bechky 2008). Classic examples of boundary organizations include the EPA, the Sea Grant Program,
and the Intergovernmental Panel on Climate Change as outlined in Guston et al. (2000). Yet, boundary
organization research lacks systematic measurements of key processes, variables, and outcomes while
rarely engaging in theory building and cross-case comparisons (McNie 2007; Crona and Parker 2012). It
also assumes, but fails to critically assess whether, boundary organizations are the most effective means
to span science-policy boundaries and overly privileges the formal features of boundary organizations
and boundary spanning processes as explanatory variables. This paper addresses these gaps through a
meta-synthesis (systematic evaluation of published case studies) to evaluate the strength of the
relationship between the formal features of boundary spanning processes and science-policy influence.
Over fifty environmental science-policy case studies were evaluated through the method of metasynthesis. The five phases of meta-synthesis, as outlined by Sandelowski et al. (1997) and Timulak and
Creaner (2013) were completed. Phase I determined the research question and corresponding
hypothesis. Phase II created the research article inclusion and exclusion protocol and executed the
research strategy. Phase III coded each article (n=51) and determined comparability between articles.
Phase IV built upon the construction of the preliminary conceptual framework and Phase V provided
analysis and results of the meta-synthesis.
Overall, 6,057 articles were screened on title and when possible, abstract. 5,779 articles were excluded
from initial screening based on topic which left 278 full articles to be considered for review. The 278
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articles were analyzed utilizing the inclusion criteria protocol which led to the exclusion of 227 articles
from meta-synthesis analysis. 51 articles were left to compare the features, roles, strategies, and
outcomes reported in each study. This analysis yielded 81 explanatory variables which may have
potentially impacted the uptake of environmental science in policy in this sample size. However, to
ensure that (1) there was not spurious significance; and (2) correlated variables were not needlessly
analyzed, excess variables (n=68) were discarded from the calculations. To decipher what features, roles,
and strategies of boundary organizations and spanning processes result in effective policy influence the
strength of relationships between the 13 identified variables and science-policy outcome were
evaluated using the Chi-square Test (and Fisher’s Exact Test when necessary).
Unexpectedly, some of the key features, roles, and strategies hailed in the literature as most important
and in boundary organization theory did not significantly influence the uptake of environmental science
in this sample size (e.g., the co-production of knowledge, providing accountability and responsibility,
utilizing a boundary organization, and creation and use of a boundary object). These results should not
dismiss, however, the scientifically observed importance of these explanatory variables in successfully
integrating science and policy. In fact, a key attribute of this meta-synthesis should be the demonstration
of the high-volume of variables working simultaneously to enhance the uptake of science in policy. Yet,
when tested individually against a successful science-policy integration outcome, two explanatory
variables were found to be significant in this study. When case studies reported utilizing a boundary
spanner or a clear focus on creating salient, credible, and legitimate knowledge for a multitude of
stakeholders, these variables most significantly influenced the uptake of environmental science in policy.
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