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The biobased economy is regarded as a possible solution for 
addressing the challenges associated with climate change and 
the growing human population. Due to progress in science 
and technology the biobased economy can provide additional 
food and renewable energy to meet the needs of the expected 
9 billion people by 2050. 

However, the implementation of the biobased economy also 
raises many questions about the transition paths, including the 
political and regulatory climate for new technologies that are 
necessary to accomplish this transition. Policy decisions and 
new regulations require input from the scientific community. 
While most policy stakeholders agree that we need new tech-
nologies that can reduce or eliminate greenhouse gas emissions, 
we witness controversy about the best solutions to realize 
sustainable production. Scientists have the potential to play an 
important role in policy debates and processes, but presently 
their involvement is not adequate. 
 
This thesis explores how scientists perceive their role in policy-
making and which factors are relevant for their motivation for 
policy engagement. Using the empirical data from the research 
with agricultural biotechnology scientists this thesis identifies and 
describes a new role for scientists in controversial policy-making 
and provides recommendations for institutional strategies that 
are needed to facilitate that scientists adopt this role in practice. 
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“By 2030, the global population is expected to increase by 28%, from 6,5 billion in 2005 to 8,3 

billion, and average global per capita income by 57%, from USD 5,900 in 2005 to USD 8,600. A 

larger and a more affluent population will increase world demand for health services that 

improve quality and length of life and demand for essential natural resources: food, animal 

feed, fibre for clothing and housing, clean water, and energy. At the same time many of the 

world’s ecosystems that support human societies are already overexploited and 

unsustainable. Climate change could exacerbate these environmental problems by adversely 

affecting water supplies and agricultural productivity” (Oborne 2010). 

 

1 Introduction 

1.1 Biobased economy and the role of agricultural biotechnology 

This thesis focuses on policy-making regarding agricultural biotechnology and the resulting 

regulatory climate for research and market release of genetically modified crops. Learning 

from the case of agricultural biotechnology this thesis argues that a successful transition to 

the biobased economy requires that scientists, as socially responsible experts, become more 

aware of and more engaged in policy discussions regarding implementation of novel life 

science technologies. Using the theoretical and empirical findings, this thesis provides a 

starting point and should stimulate thinking about the strategies that are necessary to 

facilitate scientists’ policy engagement.  

Our society is becoming aware that in order to ensure the livelihood of the future 

generations we must change the way we think about production and consumption of food, 

feed, fibre, pharmaceuticals, chemicals, materials and energy. Biobased economy, which has 

been defined as the economy where the basic building blocks for materials, chemicals and 

energy are derived from renewable plant based resources, can contribute to a more 

sustainable development (Oborne 2010, McCormick and Kautto 2013, Langeveld, Dixon, and 

Jaworski 2010, Souza et al. 2015, Kline et al. 2016). Instead of relying on non-renewable fossil 

fuels, such as coal, oil and natural gas, the biobased economy relies on renewable biomass as 

an input into production processes. Biomass can be obtained, amongst others, from edible as 

well as non-edible parts of agricultural crops and from organic wastes converted in 

biorefineries into a wide range of usable products. However, this huge potential can only be 

achieved through sustainable production of large quantities of biomass that neither 

compromise the land that is needed for food and feed production nor the conservation areas 

that are important sources of the worlds’ biodiversity. Conventional agricultural practices 

that are currently widely applied carry along many negative externalities, and therefore, 

ensuring sustainable production of biomass, as feedstock replacing fossil fuels necessitates 

an improvement of agricultural management. This demands new innovations in agriculture 

that can increase supply, quality and composition of crops while minimizing negative 

environmental impacts (Chapotin and Wolt 2007).  

Genetic engineering has been identified as a key enabling technology for increasing 

agricultural production yield for the bioeconomy in a more sustainable way (Chapotin and 
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Wolt 2007, UN 1992, Godfray et al. 2010). Genetic engineering uses a variety of methods to 

isolate single genes from one or more microorganisms, plants or animals and insert them into 

the genetic material of the cells of another. These methods are collectively termed in vitro 

nucleic acid techniques, and have been developed since 1970s. Through genetic engineering 

(also called genetic modification), genes are transferred and modified in ways that do not 

exist in nature, i.e. between different species and between different animals and plants and 

microorganisms (Mackenzie and Ascencio 2003). Genetically modified (GM) crops resistant 

to insects, diseases and herbicides have been commercially grown since 1996 (James 2014). 

This development has contributed considerably to the reduction of pesticide use and the 

simplification of weed management practices (Jikun Huang et al. 2008, Shaner 2000, Ammann 

2005). Benefits of pesticides reduction include economic benefits to farmers, such as savings 

in production costs as well as improved management practices and health benefits to human 

and environment, such as decreased incidents of farmers’ poisoning or less contamination of 

ground water, surface water and food. While the first-generation GM crops brought along 

many on farms benefits, the second-generation GM crops are expected to provide additional 

value to the end users. For example, soybean engineered with high oleic content can prove 

valuable for industrial purposes.  Furthermore, crops engineered to be stress tolerant, for 

example crops able to grow in extremely dry conditions, may provide opportunities to use 

marginal lands for crop production. As such, GM crops have a great potential to contribute to 

more sustainable production of agricultural commodities as well as sustainable biomass 

production.  

While genetic engineering has been recognized as an important technology for achieving 

sustainable development, the market approval of GM crops has been difficult. Currently, four 

GM crops (soybean, maize, cotton, canola) with two major traits (insect resistance, herbicide 

tolerance) dominate the markets in five countries while dozens of GM crops have been 

developed worldwide to fit the specific climate conditions and the local farmers’ needs 

(Atanassov et al. 2004b, James 2014). One of the reasons that contribute to the disparity 

between anticipated and available GM products is the complexity, time inefficiency and high 

costs of regulatory procedures (Chapotin and Wolt 2007, Strauss et al. 2010, Strauss et al. 

2009a, Hartung and Schiemann 2014, Masip et al. 2013, Nang’ayo, Simiyu-Wafukho, and 

Oikeh 2014). These regulatory procedures are used to assess the safety of GM crops to 

humans, animals and the environment. Despite the widespread scientific consensus that GM 

crops that passed the regulatory procedures are as safe as their conventional counterparts 

 

there has been a strong opposition to agricultural biotechnology questioning the unknown 

impacts of GM crops and calling for more stringent regulatory procedures.  

This introductory chapter outlines the general context for the presented studies. First, the 

overal aim of this thesis is presented. Second, the rationale behind the need for biosafety 

regulations is described. Here a brief overview of the history of international regulatory 

actions regarding biosafety is provided. Third, the potential impacts of regulatory frameworks 

on the deployment of benefits from agricultural biotechnology are presented. Various 

problems associated with the regulatory climate and their wider implications are deliberated. 

The introductory chapter concludes with the overview of the main and specific research 

questions and the description of the theoretical frameworks that have guided this thesis.  

1.2 Aim of this study 

The direct engagement of scientists in policy-making has been suggested in the literature to 

strengthen the impact of science on policy decisions (Steel et al. 2004, Pielke 2007a, Nelson 

and Vucetich 2009, Brownson et al. 2006, Meyer et al. 2010, Foote, Krogman, and Spence 

2009b, Sorian and Baugh 2002, Lavis et al. 2003, Choi et al. 2005b, Weiss 1979, Scott et al. 

2007). It is argued that active participation of scientists in policy-making is necessary for 

creating adequate policy climate for research utilization. Some of the arguments in favour of 

scientists’ policy engagement include ensuring that the recent scientific findings are properly 

understood by all policy stakeholders and consequently well integrated into policy decisions 

regarding science and technology (Nelson and Vucetich 2009).   

While engagement of scientists in policy-making has been recognized as important, the 

empirical research on this topic is rather scarce today. Present literature provides only limited 

empirical data about how do scientists perceive their own role in policy-making (Rainie et al. 

2015) and which factors influence the motivation of scientists towards policy engagement 

(Mathews, Kalfoglou, and Hudson 2005b). Therefore, the overall aim of the studies presented 

in this thesis is to explore: How do agricultural biotechnology scientists perceive their role in 

policy-making and which conditions do influence their motivation regarding policy 

engagement.  
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1.3 Agricultural biotechnology and the need for biosafety regulations 

Although the methods of agricultural biotechnology have a great potential to offer many 

benefits to society, they may also involve some risks which need to be carefully assessed. 

These risks include, for example, possible effects on non-target organisms, invasiveness or the 

possibility of a gene flow from GM crops to other species (OECD 1986). The need to assess the 

safety of genetically modified organisms was first recognized in 1975 when a conference in 

Asilomar was called upon by the scientific community to consider the safety implications of 

the Recombinant DNA technology (Berg et al. 1975). More than 100 concerned scientists came 

together to discuss the safety guidance for the Recombinant DNA technology, as they believed 

that they were necessary for enabling responsible and safe continuation of research in this 

field. From this moment onwards, governments around the world establish scientific 

committees that are responsible for national biosafety guidelines and/or strategies. Eleven 

years later, the Organization of Economic Cooperation and Development (OECD) introduced 

the first international document addressing biosafety issues - the Blue Book with the title 

“rDNA Safety Recommendations”(Bergmans 2006). Four years later, the first EU Directives 

and Regulations followed with the objective to regulate the applications of modern 

biotechnology in the European Union. In 1992, the Convention on Biological Diversity was 

adopted and followed by the introduction of the Cartagena Protocol on Biosafety that became 

an important international document regulating the transboundary movement of genetically 

modified organisms (GMOs) (Cantley 2008). Ever since, regulatory frameworks have been an 

important instrument that influences the role that biotechnology research should and can 

play in sustainable agriculture (Kulichova and Van der Meer 2010, De Greef 2004b, Strauss et 

al. 2009a, Nang’ayo, Simiyu-Wafukho, and Oikeh 2014).  

The purpose of biosafety regulatory frameworks is to assess whether environmental, 

agricultural and industrial applications of GMOs pose an “incremental” risk to humans, 
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procedures are in place will the community at large be able to derive 

maximum benefit from, and be in a much better position to accept the 

potential benefits and risks of, biotechnology (UN 1992).  

Safety procedures for GMOs are generally embedded in national legislation and 

harmonized by international treaties. Biosafety systems in various countries reflect the 

country’s national, environmental, political, financial and scientific capacities (Falck-Zepeda et 
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[..] take into account all available scientific data and information derived 

from different testing procedures, provided that the procedures are 

scientifically sound and the parameters being measured are comparable 

(FAO 2003).  

1.4 Biosafety regulatory frameworks and their influence on the 
deployment of benefits from agricultural biotechnology  

In order to facilitate reliable, timely and cost efficient biosafety risk assessment the biosafety 

regulatory frameworks should meet some criteria (Jaffe 2004). (Falck-Zepeda et al. 2007) 

studied the efficiency of biosafety regulatory frameworks in two developing countries and 

concluded the following:  

 [..], the need arises to establish regulatory frameworks that are 

commensurate to the potential risks of the technology, that are flexible 

enough to adapt to gains in knowledge and experience, that are 

transparent and fair, and that take into considerations all aspects of a 

broad and inclusive decision making process. Biosafety thus becomes a 

process that considers all costs, benefits and risks of prospective 

technologies, within the scope of overall sustainable agriculture and 

economic development. The biosafety process itself needs to have ‘a 

golden standard’ of best practices in terms of safety data requirements, 

evaluation methodologies and analysis, but with a clear safety standards 

to be met, complete understanding of how to judge how much data is 

sufficient and/or necessary to make a decision [..].  
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In other words, the reliable and efficient biosafety regulatory frameworks should ensure 

the safety of GM crops to humans and the environment while being based on solid standards 

for risk assessment that are cost and time efficient. While (Falck-Zepeda et al. 2007) drew this 

conclusions based on the regulatory inefficiencies observed in two developing countries other 

authors also suggest that some biosafety risk assessment procedures that have been 

introduced around the world do not necessarily meet some of the above described criteria 

(Jaffe 2004, McHughen 2007).  

1.4.1 Problems associated with the length of the regulatory approval procedure 

The time required for granting the regulatory approvals for GM crops differs among countries. 

For example, (Hartung and Schiemann 2014) write that the average approval process for new 

GM crops in the European Union takes between four to six years. While the average time 

needed to review a regulatory dossier by the US regulatory authorities was reported to be 

approximately 15 months (Jaffe 2006). The differences in the length of regulatory approval 

procedures are causing a so-called “asynchronous regulatory approvals”. This means that the 

approval of new GM crops does not occur simultaneously across countries (de Faria and Wieck 

2015, Margarita 2012, Davison 2010). This has an impact on the EU market development in 

this field, while implications associated with the asynchronous regulatory approvals also 

negatively influence the international trade flows (de Faria and Wieck 2015). Furthermore, 

asynchronous approvals are claimed to influence the decisions of some developing countries 

about whether or not to adopt certain GM crops. It is argued that the developing countries 

that are exporters of agricultural commodities fear that the decision to adopt the GM crops 

that are not (yet) approved in their export markets (such as the EU) could deny them the 

access to these markets (Anderson 2010). Yet, the decision to postpone adoption of  GM crops 

that could increase farmers yields can have a negative impact on economic and social welfare 

in these countries. For example, (Gruère and Sengupta 2009, Jikun Huang et al. 2008, Kikulwe, 

Wesseler, and Falck-Zepeda 2008) reported that farmers in developing countries could 

achieve substantial on farm benefits from adoption of GM crops varieties. 

1.4.2 Problems associated with the compliance cost of biosafety regulations 

The high compliance cost with biosafety regulations can also influence the deployment of 

benefits from agricultural biotechnology. (Kalaitzandonakes, Alston, and Bradford 2007) 

estimated the private sector compliance costs with biosafety regulations for herbicide 

 

tolerant and insect resistant maize in ten key producing and importing countries1 to be in the 

range of 6 –14 million USD for herbicide tolerant maize and 7–15 million USD for insect 

resistant maize. Similarly, (Hartung and Schiemann 2014) reported the compliance costs with 

regulations in the European Union to be between 7 and 15 million Euro per regulatory dossier. 

The magnitude of the compliance costs with biosafety regulations not only increase the overall 

costs of the final product, it also creates an important entry barrier for small firms and the 

public sector research institutes (Fedoroff and Beachy 2012, Cohen 2005, Atanassov et al. 

2004b). (Bayer, Norton, and Falck-Zepeda 2010) assessed the impact of biosafety regulatory 

framework in the Philippines and drew the following conclusions:  

A high cost of compliance with biosafety regulations may deter a small firm 

or public sector institution from pursuing GM technologies, or may cause 

them to abandon or delay commercialization of potentially valuable 

products. Compared to large multinational corporations, these firms or the 

public sector may have less financial flexibility to absorb regulatory delays, 

during which funds spend on compliance with biosafety regulations are 

sunk costs until the regulatory authority renders its decision (Bayer, 

Norton, and Falck-Zepeda 2010, 60).  

Hence, the high cost of compliance with biosafety regulations can negatively influence the 

role that public sector research plays in addressing the needs of local farmers and 

communities. The example from China illustrates that public sector research has potential to 

deliver considerable benefits to farmers in developing countries (Raney 2006). The public 

ownership of GM cotton in China enabled farmers to use locally adapted cotton varieties and 

to buy seeds at a considerable lower price than in other countries, providing Chinese farmers 

with substantially higher returns. Similar experience was reported in Hawaii where publicly 

developed GM papaya resistant to papaya ringspot virus was commercialized in 1998 

(Gonsalves, Lee, and Gonsalves 2007). 

                                                           

1 Argentina, Australia, Canada, China, the European Union (EU), Japan, Korea, the Philippines, Taiwan and the 
United States 
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1 Argentina, Australia, Canada, China, the European Union (EU), Japan, Korea, the Philippines, Taiwan and the 
United States 
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1.5 Problems associated with the role of science in agricultural 
biotechnology policy-making 

Some of the problems with biosafety regulatory frameworks, discussed in the previous 

sections, are associated with an inadequate representation of science in public and policy 

debates (Miller, Morandini, and Ammann 2008). Although many scientific committees are 

established worldwide (following the Asilomar conference) many public debates and 

stakeholder consultation fora are dominated by scientific arguments that are presented by 

various interests groups rather than by scientific community.  

Despite the fact that the scientific community agrees that crops developed by genetic 

modification are as safe as their conventional counterparts, some interest groups and some 

individual scientists have maintained the view that GMOs are not safe or otherwise not 

wanted, and therefore, their use should not be allowed (Drezner 2008, Funk, Rainie, and Page 

2015, Commission 2010, Fagerström et al. 2012, Hammond 2010, Gottweis 2008, Krimsky 

2015). While the opposition has claimed that its arguments against GMOs are based on 

available scientific evidence, this particular scientific evidence has been criticized by 

international scientific communities for inappropriate methodology, and consequently flawed 

results and conclusions (Goertzel 2010, Miller, Morandini, and Ammann 2008, Ricroch, Bergé, 

and Kuntz 2010, Apel 2010).  

Some scholars expressed the opinion that the policy-making regarding GMOs is driven by 

political preferences rather than by available scientific knowledge (De Greef 2004b, Bernauer 

and Meins 2003, Arts and Mack 2003, Gornitzka and Sverdrup 2010). Many scientists claim 

that regulatory delays regarding research and market approval of GMOs cannot be 

scientifically justified (Masip et al. 2013, Hartung and Schiemann 2014, Tosun 2014, Cantley 

2012, Skogstad 2011, Ammann 2014). For example, some critics argue that the decision 

making process regarding the approval of new GM crops in the EU fails to reflect on the 

available scientific knowledge, and therefore, the inefficiency of the EU regulatory system 

does not have any scientific justification (Drezner 2008, Kuntz, Davison, and Ricroch 2013, 

Hoffmann-Riem and Wynne 2002, Vàzquez‐Salat and Houdebine 2013, Consmüller, 

Beckmann, and Petrick 2011, Morris and Spillane 2008).  

 

1.6 Research questions 

The previous sections reasoned that regulatory frameworks that do not adequately reflect on 

available scientific insights might prevent deployment of benefits from new technologies. It 

also showed that the proper understanding and consequently proper integration of scientific 

knowledge into policy-making contexts, which are characterized by low value consensus 

among policy stakeholders, might be challenging. Hence, this thesis argues that the adequate 

integration of science into policy decisions requires that scientists become actively involved 

in the policy-making processes.  

This thesis seeks an empirical contribution to this topic by exploring how scientists who 

have experience with policy participation perceive their role in policy-making and which 

conditions influence the motivation of these scientists towards adopting this policy role in 

practice. The case study of agricultural biotechnology is chosen since this policy field has been 

characterized by a long lasting controversy and where some scientists are mobilized to actively 

participate in policy-making debates. By focusing on the case of agricultural biotechnology this 

thesis seeks to generate insights regarding scientists’ policy engagement that may be 

extrapolated to other science policy fields with similar characteristics. The general research 

question and the specific research questions that this thesis aims to address are as follows:  

 

General research questions: 

 Which active roles can scientists adopt in controversial policy-making and which of 

these roles do agricultural biotechnology scientists prefer to take? 

 Which factors are relevant for the motivation of scientists to engage in policy-

making? 

 

Specific research questions: 

 What are the reasons for and against scientists’ policy engagement as articulated in 

the interdisciplinary literature on science-policy interfaces and as seen by agricultural 

biotechnology scientists in particular? 

 Which factors can predict the motivation of agricultural biotechnology scientists for 

future policy engagement? 



19

1

Introduction

 

1.5 Problems associated with the role of science in agricultural 
biotechnology policy-making 

Some of the problems with biosafety regulatory frameworks, discussed in the previous 

sections, are associated with an inadequate representation of science in public and policy 

debates (Miller, Morandini, and Ammann 2008). Although many scientific committees are 

established worldwide (following the Asilomar conference) many public debates and 

stakeholder consultation fora are dominated by scientific arguments that are presented by 

various interests groups rather than by scientific community.  

Despite the fact that the scientific community agrees that crops developed by genetic 

modification are as safe as their conventional counterparts, some interest groups and some 

individual scientists have maintained the view that GMOs are not safe or otherwise not 

wanted, and therefore, their use should not be allowed (Drezner 2008, Funk, Rainie, and Page 

2015, Commission 2010, Fagerström et al. 2012, Hammond 2010, Gottweis 2008, Krimsky 

2015). While the opposition has claimed that its arguments against GMOs are based on 

available scientific evidence, this particular scientific evidence has been criticized by 

international scientific communities for inappropriate methodology, and consequently flawed 

results and conclusions (Goertzel 2010, Miller, Morandini, and Ammann 2008, Ricroch, Bergé, 

and Kuntz 2010, Apel 2010).  

Some scholars expressed the opinion that the policy-making regarding GMOs is driven by 

political preferences rather than by available scientific knowledge (De Greef 2004b, Bernauer 

and Meins 2003, Arts and Mack 2003, Gornitzka and Sverdrup 2010). Many scientists claim 

that regulatory delays regarding research and market approval of GMOs cannot be 

scientifically justified (Masip et al. 2013, Hartung and Schiemann 2014, Tosun 2014, Cantley 

2012, Skogstad 2011, Ammann 2014). For example, some critics argue that the decision 

making process regarding the approval of new GM crops in the EU fails to reflect on the 

available scientific knowledge, and therefore, the inefficiency of the EU regulatory system 

does not have any scientific justification (Drezner 2008, Kuntz, Davison, and Ricroch 2013, 

Hoffmann-Riem and Wynne 2002, Vàzquez‐Salat and Houdebine 2013, Consmüller, 

Beckmann, and Petrick 2011, Morris and Spillane 2008).  

 

1.6 Research questions 

The previous sections reasoned that regulatory frameworks that do not adequately reflect on 

available scientific insights might prevent deployment of benefits from new technologies. It 

also showed that the proper understanding and consequently proper integration of scientific 

knowledge into policy-making contexts, which are characterized by low value consensus 

among policy stakeholders, might be challenging. Hence, this thesis argues that the adequate 

integration of science into policy decisions requires that scientists become actively involved 

in the policy-making processes.  

This thesis seeks an empirical contribution to this topic by exploring how scientists who 

have experience with policy participation perceive their role in policy-making and which 

conditions influence the motivation of these scientists towards adopting this policy role in 

practice. The case study of agricultural biotechnology is chosen since this policy field has been 

characterized by a long lasting controversy and where some scientists are mobilized to actively 

participate in policy-making debates. By focusing on the case of agricultural biotechnology this 

thesis seeks to generate insights regarding scientists’ policy engagement that may be 

extrapolated to other science policy fields with similar characteristics. The general research 

question and the specific research questions that this thesis aims to address are as follows:  

 

General research questions: 

 Which active roles can scientists adopt in controversial policy-making and which of 

these roles do agricultural biotechnology scientists prefer to take? 

 Which factors are relevant for the motivation of scientists to engage in policy-

making? 

 

Specific research questions: 

 What are the reasons for and against scientists’ policy engagement as articulated in 

the interdisciplinary literature on science-policy interfaces and as seen by agricultural 

biotechnology scientists in particular? 

 Which factors can predict the motivation of agricultural biotechnology scientists for 

future policy engagement? 



20

Chapter 1

 

 Do agricultural biotechnology scientists feel institutionally empowered to engage in 

policy-making and which institutional approaches (if any) are currently in place to 

encourage scientists’ contribution to policy-making? 

 Which traits/competences are desirable for a meaningful contribution of scientists to 

controversial policy-making as perceived by agricultural biotechnology scientists? 

1.7 Theoretical framework 

In order to answer the general research questions this thesis builds on two theories: The 

stakeholder model of science in policy proposed by Pielke (2007) and the theory of planned 

behaviour proposed by Ajzen (1991). The detailed description of these two theoretical 

frameworks and their relation to the general research questions is elaborated below.  

1.7.1 The roles for scientists in controversial policy-making: The stakeholder 
model of science and policy 

To lay the theoretical foundation for exploring the first general research question, this thesis 

builds on the theoretical framework proposed by Pielke (2007). In his book that focuses on 

how and why should scientists go beyond the linear model2 of science and policy, Pielke argues 

that there are two critical factors to consider when a scientist faces a decision about how to 

engage with policy and politics (Figure 1). The first criterion concerns the degree of value 

consensus on a particular issue. Pielke states that sharply contested issues raise the political 

stakes and introduce dynamics quite different from issues that are less controversial. To 

supports his arguments, Pielke refers to a series of policy-making problems, including the early 

controversial discussions about the climate change that took place in the American policy-

making context. Translated into this thesis context, agricultural biotechnology policy-making 

represents policy context that is characterized by low degree of value consensus where 

different groups of policy stakeholders disagree which values should be taken into account 

when deciding about applications of biotechnology in agriculture (Gottweis 2008).  

The second criterion for deciding which role should scientists take in policy-making is the 

degree of uncertainty present in a particular decision context. The greater the uncertainty 

                                                           

2 The linear model of science and policy assume that scientists should be totally separated from the policy-
making process. It claims that the only role of a scientist is to produce scientific knowledge through value free 
research and the results from this work will naturally feed policy-making decisions.  

 

(both political and/or scientific) the more important it is for science to focus on policy options 

rather then scientific results. In this context, Pielke suggests that policy problems that are 

characterized with a high level of political and/or scientific uncertainty provide scientists who 

want to participate in policy-making with two options for engagement. They can either adopt 

the role of Issue advocates or they can become the Honest brokers of policy alternatives. 

Figure 1 presents the flow chart illustrating the logic of roles for scientists in policy and politics 

proposed by Pielke.  

While there is an obvious need for scientists to be involved in controversial policy-making 

it is not clear which of the two proposed roles is socially desirable from the scientists’ point of 

view and why, and how scientists can be supported to adopt this role in practice. This thesis 

will therefore attempt to extent Pielke’s theory by examining these issues. The text below 

provides a brief description of each of the roles as provided in Pielke (2007). 

Issue advocate. Scientists who adopt the role of issue advocates prefer to focus on the 

implications of their research for a particular political agenda. These scientists prefer to 

advocate for a certain policy option rather than providing the full spectrum of policy 

alternatives that are consistent with scientific evidence. The issue advocates can align 

themselves with an interest group with the objective to advance their interests through policy 

and politics. Issue advocates do accept the notion that science must be engaged with decision 

makers, and therefore seek to influence the decision making process (Pielke 2007, p15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Flow chart illustrating the logic of roles for scientists in policy and politics (Based on Pielke 2007)  
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Honest broker of policy alternatives. Scientists who ascribe to the role of honest brokers 

of policy alternatives engage in policy-making by clarifying the policy options that are 

consistent with their scientific findings, and sometimes, seeking to expand the scope of choice 

available to policy makers. The honest broker of policy alternatives often operates through a 

membership in expert advisory committee or scientific organization since it can be difficult 

for an individual scientist to represent all areas of expertise needed to make policy 

recommendations.  

In order to examine the perceptions of agricultural biotechnology scientists regarding 

these two roles in policy-making, this thesis employs a mixed method approach that comprises 

of in-depth interviews and an online survey. 

1.7.2 Understanding scientists’ motivation to engage in policy-making on 
agricultural biotechnology: The theory of planned behavior 

In order to explore which conditions influence the motivation of agricultural biotechnology 

scientists towards active policy engagement, this thesis will build on the theory of planned 

behavior (Ajzen 1991). The theory has been widely applied in empirical studies and has proven 

to be useful in predicting human motivation to engage in certain types of behaviors (Conner 

and Armitage 1998, Armitage and Conner 2001), including scientists’ motivation to engage in 

science outreach activities (Poliakoff and Webb 2007, Dudo 2012). The theory of planned 

behavior (TPB) offers a comprehensive framework for identification of conditions that may be 

relevant for understanding why some scientists are more motivated to engage in policy-

making then other scientists. The TPB proposes that in order to understand peoples’ 

motivation to engage in certain behaviors three independent determinants need to be 

measured: 1) attitude towards the behavior, 2) subjective norms and 3) perceived behavioral 

control. The TPB postulates that attitude, subjective norms and perceived behavioral control 

are functions of beliefs that an individual has about the behavior. 

Attitude towards the behavior refers to the degree to which a person values the behavior 

in question. TPB assumes that the attitude towards behavior develops reasonably from the 

beliefs people hold about that behavior (Ajzen, p191). Therefore, the attitude towards 

behavior can be measured by a set of behavioral beliefs of which assessment can help one 

understand why some people have favorable attitude towards behavior while others do not 

(Ajzen 2002).  

 

Subjective norms. Social context may also influence peoples’ motivation to engage in 

certain behaviors (Ajzen 1991). Subjective norm attempts to measure how much socially 

supported one feels in performing the behavior in question. TPB proposes that subjective 

norms are a function of normative beliefs about approval or disapproval of behavior by 

important referent individuals or groups.  

Perceived behavioral control. Another possible factor that can influence scientists’ 

intention to engage in policy-making is the perceived ability to do so. Scientists’ perceived self-

efficacy to perform a certain task might directly influence their decision whether or not to 

engage in that task (Bandura, 1977). Ajzen (1991) suggests that the more people feel equipped 

with resources and the fewer obstacles to the behavior in question they anticipate, the greater 

their perceived behavioral control (Ajzen 1991). It is assumed that perceived behavioral 

control is a function of control beliefs regarding the easiness or the difficulty of engaging in 

the behavior. Figure 2 provides a graphical representation of the theory of planned behavior. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Graphical representation of the theory of planned behaviour (Adapted from Ajzen 1991)  

 

The theory of planned behaviour is used for two purposes. First, we use it as a guide to 

identify the factors that influence the motivation of scientists to engage in policy-making. 

Second, this theory is also employed to build a causal model to understand which of the 

identified factors are significant in predicting scientists’ motivation towards policy 

engagement. The data is collected via an online survey and the causal model is tested using a 

regression analysis. The population for our survey includes a global sample of scientists 

working at public sector institutes and universities. To account for potential regional and 
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employer differences a series of regression models are tested. Two factors are considered: 1) 

research institutes and universities and 2) different continents. 

The distinction between public sector research institutes and universities may be 

understood as following: 

Public sector research refers to those R&D activities performed in 

institutions that are either publicly owned or operated or that depend to a 

large extent on government block funding for their research activities. Such 

institutions fall into two main categories: universities and public research 

institutes (PRIs). In addition to research, universities perform the important 

function of teaching, while PRIs usually solely provide direct R&D support 

to business firms and public authorities (innovationpolicyplatform.org).  

While universities are likely to perform similar functions across different countries, namely 

research and education, public sector research institutes usually have a stronger focus on 

technology transfer and support to public policy (OECD 2011). Given their focus on policy 

support, public sector research institutes are likely to provide different conditions for 

scientists’ policy engagement compared to universities. 

1.8 Thesis outline 

Chapter 2 presents the results from literature review regarding the general requirements for 

active engagement of scientists in policy-making. First, it provides an inventory of arguments 

that are supportive of the active engagement of scientists in policy-making. Second, it offers 

an overview of the arguments suggested in the literature against the active engagement of 

scientists in policy-making. Finally, it recommends five theoretical requirements that may 

need to be taken into consideration for stimulating and facilitating active engagement of 

scientists in policy-making. (This chapter has been published as: van der Werf Kulichova, Z., 

Flipse S.M., and Osseweijer P. 2014. Engaging Researchers Actively in Agricultural 

Biotechnology Policy-making. International Journal of Science in Society).  

Chapter 3 reports the findings from a study that focused on the perceptions of agricultural 

biotechnology scientists about their role in policy-making. Using theoretical, quantitative and 

qualitative results this chapter first explores the distinction between the linear and the 

stakeholder model of science and policy. Subsequently, the arguments favouring the latter 

are elaborated. The empirical findings are then presented regarding scientists’ perceptions 

 

about their role in policy-making. This chapter points to the gap between scientists’ perceived 

ideal roles in policy-making and the roles that scientists who are concerned about policy-

making regarding agricultural biotechnology actually take (This chapter has been accepted for 

publication as: van der Werf Kulichova Z., Coumou H.C., Wehrmann C. and Osseweijer P. (in 

press) The Role of Scientists in Agricultural Biotechnology Policy-making: From Traditional to 

Alternative Views. International Journal of Biotechnology). 

Chapter 4 explores the factors that influence the motivation of scientists to engage in 

policy-making regarding agricultural biotechnology. Building on the theory of planned 

behaviour and using the results from the online survey it assesses which factors are significant 

in predicting scientists’ future motivation regarding policy engagement (Prepared for 

submission to the Environmental Science and Policy Journal). 

Chapter 5 continues on the factors that influence the motivation of scientists to engage in 

policy-making with the specific focus on the institutional support strategies for policy 

engagement. It presents the results from interviews specifically focusing on how scientists 

evaluate their time availability for policy engagement, available financial resources for these 

activities and how scientists perceive the overall institutional support for policy engagement 

at their place of employment. Special focus is also devoted to exploration of 

traits/competences that are desirable for meaningful policy engagement (This chapter is 

currently under review in the New Biotechnology Journal).  

Chapter 6 finally considers the findings of the individual chapters in light of the overall 

objective and the research questions of this thesis. It reflects on the findings and reviews how 

they relate to the theoretical frameworks that were used to guide this thesis. Finally, the 

limitations of studies presented in this thesis are discussed and directions for future research 

are provided. 
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Abstract 

Policy-making regarding modern biotechnology is characterized by direct participation of 

stakeholders such as industry, environmental organizations and consumer groups. However, 

public sector researchers traditionally participate only indirectly, for example through 

memberships in expert advisory committees. This prevents direct interaction with other policy 

stakeholders who often use scientific knowledge to legitimize their preferences for stricter 

regulations. Furthermore, it has been argued that indirect participation of researchers in 

policy-making results in low understanding and even misrepresentation of scientific facts. In 

this paper, we argue for direct engagement of public sector researchers in policy-making. We 

analyse available literature on the engagement of researchers in policy-making to answer the 

following question: What are the requirements for facilitating direct engagement of public 

sector researchers in policy-making? To do so, we first identify reasons for public sector 

researchers to become involved in policy-making. Second, we discuss possible obstacles that 

may prevent them from doing so. Third, based on the identified reasons we recommend five 

requirements that may be important for facilitation of direct engagement of public sector 

researchers in policy-making debates. We conclude with critical reflection on the proposed 

requirements and recommend directions for future research. 

 

2 Engaging Scientists Actively in Agricultural 
Biotechnology Policy-making  

2.1 Introduction 

Public sector research in agricultural biotechnology focuses on development of crops with 

improved characteristics, such as reduced use of pesticides and agrochemicals, increased 

abiotic stress tolerance (e.g. drought and salinity) and improved product quality (e.g. 

prolonged shelf-life and enhanced nutritional composition). However, policy and regulatory 

environment at both national and international level can influence the ability of public sector 

research institutes to conduct field trials, a necessary step for development and 

commercialization of new plant varieties (Atanassov et al. 2004a, De Greef 2004a, Cohen 

2005, Strauss et al. 2009b). According to the Next Harvest Study conducted by the 

International Food Policy Research Institute, most of the public sector research in agricultural 

biotechnology has been carried out at the stage of experimental and confined trials while only 

limited numbers of products have reached commercial release stage34. As such, it appears 

that public sector research institutes are facing difficulties in moving from the laboratory 

conditions to field trials. Part of the problem is “[..] confusion regarding regulatory standards 

[..]” (Cohen 2005, 32). As such, unclear regulatory frameworks can hinder developments in 

public sector research (De Greef 2004a, Kalaitzandonakes, Alston, and Bradford 2006, Matten, 

Head, and Quemada 2008, Graff, Hochman, and Zilberman 2009, Bayer, Norton, and Falck-

Zepeda 2010, Cohen 2005). Furthermore, public funds are not allocated efficiently as public 

sector research is not able to deliver intended societal benefits on a short term. This indicates 

that there is a need to turn our attention to the current policy-making regarding agricultural 

biotechnology and the role of public sector researchers therein.  

Policy-making regarding the applications of agricultural biotechnology is characterized by 

direct participation of stakeholders, including e.g. environmental organizations, consumer 

groups and agricultural biotechnology industries (Levidow, Carr, and Wield 2005, Cantley 

2012, Cohen 2005). Their active involvement in policy-making debates enables them to 

directly express their concerns with policy proposals. It also provides an opportunity to 

                                                           

3 The Next Harvest study and the referenced articles that follow provide a more detailed discussion about the regulatory impacts. 
4 Our empirical study focusing on factors which influence the decision of researchers to engage in policy-making regarding agricultural 
biotechnology also indicates that many researchers believe that regulations negatively influence progress in this field (van der Werf 
Kulichova et al. under review) 
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network, further increasing their impact on policy. While diverse stakeholders directly 

participate in policy-making, researchers traditionally participate indirectly, e.g. through 

membership in expert advisory committees. As such, researchers are not directly represented 

and acknowledged as credible stakeholders in policy-making. The lack of their direct 

involvement can lead to instances where scientific advice is confused with opinions which are 

obtained during consultation meetings with stakeholders (Allio, Ballantine, and Meads 2006). 

This may result in wrong interpretation of the scientific results and consequently in non-

adequate regulation.  

Many scholars who investigated the role of researchers in contentious policy-making (like 

policy-making on agricultural biotechnology) advocate that researchers should participate 

actively (Meffe and Viederman 1995, Cortner 2000, Mills and Clark 2001, Lach et al. 2003, 

Steel et al. 2004, Choi et al. 2005a, Brownson et al. 2006, Gibbons et al. 2008, Foote, Krogman, 

and Spence 2009a, Meyer et al. 2010). Arguments in favour include ‘facilitating better 

understanding of scientific knowledge by policy makers’ whilst arguments against concern the 

possible impact of engagement on scientists’ credibility. This paper discusses the possible 

barriers and remedies for active engagement of researchers based on a literature review 

taking relevant results from other fields into account.  

Active engagement of scientists in policy-making can take various forms. Steel et al. (2004) 

suggested that scientists can actively engage in policy-making through 1) interpretation of 

results of their work, 2) cooperation with policy makers and others to integrate scientific 

results in policy decisions, 3) advocating for special management policies and 4) making policy 

decisions. Their investigation showed that policy makers and other stakeholders saw the 

second mode of engagement as the most appropriate. Pielke (2007) suggested two roles for 

scientists to actively engage in policy-making; 1) issue advocacy and 2) honest brokering of 

policy alternatives. He postulated that these roles are especially applicable to policy-making 

fields, which are characterized by a low degree of value consensus and a high degree of 

uncertainty. Policy-making in agricultural biotechnology represents similar degrees (Gottweis 

2005), therefore these recommendations fit well into our study.  

Yet, despite the literature indication that active engagement of researchers in policy-

making may improve the integration of science in policy decisions no literature is available to 

date that provides a synthesis of theoretical considerations regarding the factors that may 

play an important role in facilitating such an engagement. Therefore, this paper focuses on 

identifying these factors by answering the following question: What are the requirements for 

 

facilitating active engagement of public sector researchers in policy-making? First, we identify 

reasons for researchers to actively engage in policy-making. Second, we discuss potential 

constraints that could prevent researchers from such an engagement and show why these 

constraints may not always be valid. Based on the identified reasons we recommend and 

discuss five theoretical requirements that may play an important role in facilitating active 

engagement of researchers in policy-making. We conclude with critical reflection on the 

proposed requirements and provide directions for future research.  

2.2 Methodology 

We conducted a literature analysis to identify reasons for and against active engagement of 

researchers in policy-making. A Google Scholar search and Scopus search using search terms 

such as “science-policy interface”, “science-policy nexus”, “the role of scientists in policy-

making”, “relationship scientists-policy makers”, “advocacy role of scientists in policy-making” 

etc. resulted in 80 articles from various disciplinary traditions including Sociology, Science, 

Technology and Society Studies, Environmental Science, Biology, Health Care and Policy 

Studies. This approach for selection of articles was chosen since it allowed for a broad 

consideration of interdisciplinary perspectives on the reasons for and against the active 

engagement of researchers in policy-making. The 80 articles were initially reviewed to obtain 

the basic knowledge about the field of science-policy interface. From these, 21 articles were 

identified as relevant for the analysis as these addressed directly (in parts or exclusively) the 

active engagement of scientists/researchers in policy-making (in contrast to the role of science 

only)5. It is important to note that our literature search yielded only one article dealing 

particularly with engagement of researchers in agricultural biotechnology policy-making. The 

remaining articles used for analysis addressed contentious political issues which involved 

multiple interests, values and uncertainty which are also characteristics of policy-making on 

agricultural biotechnology (Gottweis 2005). Additionally, we also searched for articles that 

dealt with motivation of scientists to involve in science outreach activities to validate the 

reasons that we identified from literature on scientists’ involvement in policy-making. We 

hypothesized that the involvement of scientists in outreach activities may be influenced to 

some extent by similar factors as involvement in policy-making. We used a mind mapping 

                                                           

5 The selection of these articles was motivated by the theoretical considerations proposed by Pielke (2007) who suggests that when policy-
making problems involve high level of uncertainty and low value consensus (such as that of agricultural biotechnology) scientists should 
take more engaged role in policy-making in order to ensure that science is well represented during decision making processes.  



31

2

Engaging scientists in policy-making

 

network, further increasing their impact on policy. While diverse stakeholders directly 

participate in policy-making, researchers traditionally participate indirectly, e.g. through 

membership in expert advisory committees. As such, researchers are not directly represented 

and acknowledged as credible stakeholders in policy-making. The lack of their direct 

involvement can lead to instances where scientific advice is confused with opinions which are 

obtained during consultation meetings with stakeholders (Allio, Ballantine, and Meads 2006). 

This may result in wrong interpretation of the scientific results and consequently in non-

adequate regulation.  

Many scholars who investigated the role of researchers in contentious policy-making (like 

policy-making on agricultural biotechnology) advocate that researchers should participate 

actively (Meffe and Viederman 1995, Cortner 2000, Mills and Clark 2001, Lach et al. 2003, 

Steel et al. 2004, Choi et al. 2005a, Brownson et al. 2006, Gibbons et al. 2008, Foote, Krogman, 

and Spence 2009a, Meyer et al. 2010). Arguments in favour include ‘facilitating better 

understanding of scientific knowledge by policy makers’ whilst arguments against concern the 

possible impact of engagement on scientists’ credibility. This paper discusses the possible 

barriers and remedies for active engagement of researchers based on a literature review 

taking relevant results from other fields into account.  

Active engagement of scientists in policy-making can take various forms. Steel et al. (2004) 

suggested that scientists can actively engage in policy-making through 1) interpretation of 

results of their work, 2) cooperation with policy makers and others to integrate scientific 

results in policy decisions, 3) advocating for special management policies and 4) making policy 

decisions. Their investigation showed that policy makers and other stakeholders saw the 

second mode of engagement as the most appropriate. Pielke (2007) suggested two roles for 

scientists to actively engage in policy-making; 1) issue advocacy and 2) honest brokering of 

policy alternatives. He postulated that these roles are especially applicable to policy-making 

fields, which are characterized by a low degree of value consensus and a high degree of 

uncertainty. Policy-making in agricultural biotechnology represents similar degrees (Gottweis 

2005), therefore these recommendations fit well into our study.  

Yet, despite the literature indication that active engagement of researchers in policy-

making may improve the integration of science in policy decisions no literature is available to 

date that provides a synthesis of theoretical considerations regarding the factors that may 

play an important role in facilitating such an engagement. Therefore, this paper focuses on 

identifying these factors by answering the following question: What are the requirements for 

 

facilitating active engagement of public sector researchers in policy-making? First, we identify 

reasons for researchers to actively engage in policy-making. Second, we discuss potential 

constraints that could prevent researchers from such an engagement and show why these 

constraints may not always be valid. Based on the identified reasons we recommend and 

discuss five theoretical requirements that may play an important role in facilitating active 

engagement of researchers in policy-making. We conclude with critical reflection on the 

proposed requirements and provide directions for future research.  

2.2 Methodology 

We conducted a literature analysis to identify reasons for and against active engagement of 

researchers in policy-making. A Google Scholar search and Scopus search using search terms 

such as “science-policy interface”, “science-policy nexus”, “the role of scientists in policy-

making”, “relationship scientists-policy makers”, “advocacy role of scientists in policy-making” 

etc. resulted in 80 articles from various disciplinary traditions including Sociology, Science, 

Technology and Society Studies, Environmental Science, Biology, Health Care and Policy 

Studies. This approach for selection of articles was chosen since it allowed for a broad 

consideration of interdisciplinary perspectives on the reasons for and against the active 

engagement of researchers in policy-making. The 80 articles were initially reviewed to obtain 

the basic knowledge about the field of science-policy interface. From these, 21 articles were 

identified as relevant for the analysis as these addressed directly (in parts or exclusively) the 

active engagement of scientists/researchers in policy-making (in contrast to the role of science 

only)5. It is important to note that our literature search yielded only one article dealing 

particularly with engagement of researchers in agricultural biotechnology policy-making. The 

remaining articles used for analysis addressed contentious political issues which involved 

multiple interests, values and uncertainty which are also characteristics of policy-making on 

agricultural biotechnology (Gottweis 2005). Additionally, we also searched for articles that 

dealt with motivation of scientists to involve in science outreach activities to validate the 

reasons that we identified from literature on scientists’ involvement in policy-making. We 

hypothesized that the involvement of scientists in outreach activities may be influenced to 

some extent by similar factors as involvement in policy-making. We used a mind mapping 

                                                           

5 The selection of these articles was motivated by the theoretical considerations proposed by Pielke (2007) who suggests that when policy-
making problems involve high level of uncertainty and low value consensus (such as that of agricultural biotechnology) scientists should 
take more engaged role in policy-making in order to ensure that science is well represented during decision making processes.  
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software (Mindjet Manager) to analyse selected articles. First, all articles were screened in 

order to identify various reasons for and against engagement of researchers in policy-making. 

Second, after all reasons (for and against engagement) were identified we mapped their 

reoccurrence throughout the whole bundle of articles. The next sections present the results 

from our analysis. 

2.3 Results 

2.3.1 Theoretical Reasons for Scientists to Actively Engage in Policy-making  

First, one of the values that Foote et al. (2009) saw in the active engagement of scientists in 

policy-making is derived from the participatory character of the contemporary policy debates. 

They reasoned that scientists should get actively engaged in policy-making since the failure to 

do so may result in policies which are “largely made by special interest groups, lawyers, 

religious leaders, legislators, and judges, many of whom may hold narrow perspectives on 

environmental requirements” (Foote, Krogman, and Spence 2009a, 582). Lovbrand et al. 

(2010) pointed to similar concerns when they articulated that “poor representation of expert 

opinions restricts the scope of the debate” (Lovbrand, Pielke, and Beck 2010, 484). As a result, 

researchers’ (recent) insights might be neglected by policy makers when researchers do not 

actively engage in policy-making by themselves (Weiss 1991b, Brussard and Tull 2007, Scott, 

Rachlow, and Lackey 2008). As Meyer et al. (2010) put it “The publication of policy-relevant 

science in peer reviewed journals is rarely sufficient, by itself, to draw enough attention to an 

emerging environmental threat to initiate action” (Meyer et al. 2010, 299-300). Allio et al. 

(2006) also pointed to the problem of scientific literacy of policy makers who may not have a 

scientific background, and therefore, may be unable to make use of research results reported 

in scientific journals (Allio, Ballantine, and Meads 2006). Holmes and Clark (2008) reported 

that policy makers find it difficult to establish contact with experts and assess the reliability 

and quality of information (Holmes and Clark 2008). Therefore, the first reason for researchers 

to actively engage in policy-making debates is to strengthen the voice of science, and thereby 

improving the interpretation of scientific results in policy debates.  

Second, Weiss (1991) recognized another problem with the use of science in policy-

making, the misuse of research results. She articulated that research is (mis)used by policy 

actors “when and if it advances their case in the [..] decision making” (Weiss 1991b, 40). When 

researchers do not actively engage in policy debates they miss the opportunity to directly 

address possible misuses of their scientific results. As such, other stakeholders concerned with 

 

a policy problem may use scientific data to dismiss certain political options and to legitimize 

their policy preferences (Weiss 1991b). Therefore, the second reason for researchers to 

actively engage in policy-making is to correct the misinterpretation of scientific knowledge by 

other policy actors. 

Third, Haas (2004) articulated that researchers should participate in policy-making 

because they possess a high esteemed position in our society. He noted that “Doctors, 

scientists and engineers remain the most esteemed professions in Europe, and thus command 

the greatest social legitimacy and deference when providing policy advice [..]” (Haas 2004b, 

575). Similar results were reported in the Eurobarometer 2005 and 2010 where general public 

indicated that researchers working at universities and governmental laboratories are seen as 

the most capable to explain the impact of scientific and technological development on society 

(Eurobarometer 2005, 2010). Therefore, the third reason for researchers to actively engage in 

policy-making stems from a societal demand that indicates that researchers are a trustworthy 

source of scientific knowledge and hence well positioned to take up an active role. Finally, 

Lackey states that active engagement of researchers in policy-making “[..] is not only the right 

thing to do, but we are obligated to do so, especially if our work is funded by public resource” 

(Lackey 2007). Therefore, the fourth reason for researchers to engage in policy-making is 

based on societal obligation of researchers to be involved in policy-making. Table 1 provides 

an overview of these arguments. 

 

Table 1 Summary of reasons for scientists to get actively engaged in policy-making  

 To strengthen the role of science in policy-making 

 To correct misinterpretations of science 

 To provide input of a trustworthy source 

 To exercise moral obligation towards society 
 

2.3.2 Theoretical Reasons for Scientists Not to Actively Engage in Policy-making  

A frequently articulated concern we found is the impact of active engagement in policy 

debates on researchers’ credibility. Scholars widely acknowledge that when researchers 

become advocates in policy debates this could harm their hard-earned reputation of 

researcher as objective and value free source of knowledge. It can also affect their academic 

status, as perceived by their scientific peers (Lackey 2007, Pielke 2007b, Meyer et al. 2010). 



33

2

Engaging scientists in policy-making

 

software (Mindjet Manager) to analyse selected articles. First, all articles were screened in 

order to identify various reasons for and against engagement of researchers in policy-making. 

Second, after all reasons (for and against engagement) were identified we mapped their 

reoccurrence throughout the whole bundle of articles. The next sections present the results 

from our analysis. 

2.3 Results 

2.3.1 Theoretical Reasons for Scientists to Actively Engage in Policy-making  

First, one of the values that Foote et al. (2009) saw in the active engagement of scientists in 

policy-making is derived from the participatory character of the contemporary policy debates. 

They reasoned that scientists should get actively engaged in policy-making since the failure to 

do so may result in policies which are “largely made by special interest groups, lawyers, 

religious leaders, legislators, and judges, many of whom may hold narrow perspectives on 

environmental requirements” (Foote, Krogman, and Spence 2009a, 582). Lovbrand et al. 

(2010) pointed to similar concerns when they articulated that “poor representation of expert 

opinions restricts the scope of the debate” (Lovbrand, Pielke, and Beck 2010, 484). As a result, 

researchers’ (recent) insights might be neglected by policy makers when researchers do not 

actively engage in policy-making by themselves (Weiss 1991b, Brussard and Tull 2007, Scott, 

Rachlow, and Lackey 2008). As Meyer et al. (2010) put it “The publication of policy-relevant 

science in peer reviewed journals is rarely sufficient, by itself, to draw enough attention to an 

emerging environmental threat to initiate action” (Meyer et al. 2010, 299-300). Allio et al. 

(2006) also pointed to the problem of scientific literacy of policy makers who may not have a 

scientific background, and therefore, may be unable to make use of research results reported 

in scientific journals (Allio, Ballantine, and Meads 2006). Holmes and Clark (2008) reported 

that policy makers find it difficult to establish contact with experts and assess the reliability 

and quality of information (Holmes and Clark 2008). Therefore, the first reason for researchers 

to actively engage in policy-making debates is to strengthen the voice of science, and thereby 

improving the interpretation of scientific results in policy debates.  

Second, Weiss (1991) recognized another problem with the use of science in policy-

making, the misuse of research results. She articulated that research is (mis)used by policy 

actors “when and if it advances their case in the [..] decision making” (Weiss 1991b, 40). When 

researchers do not actively engage in policy debates they miss the opportunity to directly 

address possible misuses of their scientific results. As such, other stakeholders concerned with 

 

a policy problem may use scientific data to dismiss certain political options and to legitimize 

their policy preferences (Weiss 1991b). Therefore, the second reason for researchers to 

actively engage in policy-making is to correct the misinterpretation of scientific knowledge by 

other policy actors. 

Third, Haas (2004) articulated that researchers should participate in policy-making 

because they possess a high esteemed position in our society. He noted that “Doctors, 

scientists and engineers remain the most esteemed professions in Europe, and thus command 

the greatest social legitimacy and deference when providing policy advice [..]” (Haas 2004b, 

575). Similar results were reported in the Eurobarometer 2005 and 2010 where general public 

indicated that researchers working at universities and governmental laboratories are seen as 

the most capable to explain the impact of scientific and technological development on society 

(Eurobarometer 2005, 2010). Therefore, the third reason for researchers to actively engage in 

policy-making stems from a societal demand that indicates that researchers are a trustworthy 

source of scientific knowledge and hence well positioned to take up an active role. Finally, 

Lackey states that active engagement of researchers in policy-making “[..] is not only the right 

thing to do, but we are obligated to do so, especially if our work is funded by public resource” 
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Therefore, the first reason for researchers to refrain from an active engagement in policy-

making is the impact on scientific credibility. Yet, the examples from boundary work and policy 

network literature illustrate that research is by nature not value free and researchers are not 

politically disinterested and unbiased individuals (Gieryn 1983, Sabatier 1988a, Moore 1996, 

Montpetit 2011). Moore (1996) advises that rather than seeing researchers only as 

researchers one should see researchers as “[..] people who have competing, complex and 

overlapping social commitments [..]” (Moore 1996, 1595). As such, refraining from 

engagement in policy-making does not ensure scientists’ value freedom and objectivity.  

The second concern scholars identified is related to the ability of researchers to actively 

engage in policy-making. The engagement requires that researchers possess certain skills, 

such as communication and interpersonal skills (Steel et al. 2004) while most researchers are 

not trained to communicate about their scientific findings with non-scientific audiences 

(Foote, Krogman, and Spence 2009a). Therefore, a second reason for researchers to refrain 

from active engagement in policy-making is the perceived lack of skills to do so. However, 

Moore (1996) illustrates that researchers can develop these skills when they need to 

communicate about their research with non-scientific audience in order to demonstrate the 

relevance of their work (Moore 1996), providing a possible solution to this reasons for 

refrainment. 

Third, active engagement in policy-making is a time consuming activity (Brownson et al. 

2006, Holmes and Clark 2008). Researchers need to allocate extra time to participate in policy-

making and to managing a certain level of awareness about recent policy developments. 

Andrews et al. (2005) reported that the lack of time was also indicated by researchers as one 

of the hindering factors of researchers’ participation in science outreach activities (Andrews 

et al. 2005). Therefore, the third reason for researchers not to actively engage in policy-making 

relates to the time demand. However, this is not a valid reason for all researchers since studies 

on scientists’ involvement in policy networks and scientific outreach activities indicate that 

deeply rooted intrinsic motives, such as shared beliefs among researchers and personal 

enjoyment, may play an important role in determining researchers’ decision to engage 

(Sabatier 1988a, Haas 1992a, Martín-Sempere, Garzón-García, and Rey-Rocha 2008). 

Therefore, it can be argued that when scientists are intrinsically motivated to engage in policy-

making they may be willing to invest extra time.  

The fourth argument partly follows from the previously articulated time constraints since 

the time spent on activities different than research is not usually rewarded within academia 

 

(Engels 2005b, Gibbons et al. 2008, Holmes and Clark 2008). This means that the time spent 

on active engagement with policy-making is not likely to contribute to scientific career 

development (Brownson et al. 2006). As such, the lack of institutional recognition may be a 

demotivating factor for researchers to actively engage, as they may need to make a choice 

between engagement in policy-making and a full focus on activities enhancing their academic 

careers. If they choose the former their (partial) disconnection from the scientific world may 

in the long term negatively influence their credibility in the policy process (Meyer et al. 2010). 

Therefore, the fourth reason for researchers to refrain from active engagement in policy-

making is a perceived lack of institutional encouragement of outreach activities. Similar to the 

time constraint, the lack of institutional encouragement may be less important for researchers 

who are intrinsically motivated to actively engage in policy-making debates. Interestingly, we 

have not come across articles that investigated policy engagement that was explicitly 

institutionally rewarded. Table 2 provides a summary of our findings. 

 
Table 2 Summary of reasons for scientists not to actively engage in policy-making  

 Damage to scientific credibility 

 Lack of competences 

 Lack of time 

 Lack of rewards 
 

2.3.3 Theoretical Requirements for Facilitating Active Engagement of Scientists 
in Policy-making  

In this section, we synthetize the findings from section 2.3.1 and section 2.3.2 and recommend 

five requirements which may play an important role in facilitating active engagement of 

researchers in policy debates. A description of each requirement is provided below.  

Our findings from section 2.3.1 imply that there are several factors which may stimulate 

researchers to engage in policy-making, e.g. to strengthen and clarify the input of academic 

science in policy debates or to correct the misinterpretation of scientific findings. Scholarly 

literature provides examples of other potential reasons, such as a protection of professional 

authority (Gieryn 1983), demonstration of researchers’ social responsibility (Moore 1996), 

and gaining of a greater impact on policy (Weiss 1991b). These reasons can be conceptualized 

as motivating factors. We conclude from the literature review that the first requirement 
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relevant for active engagement of academic researchers in policy-making debates is 

‘motivation’. Since, our findings give only limited representation of possible determinants of 

motivation, future research could focus on the question: Which factors determine the 

motivation of academic researchers to (or not to) actively engage in policy-making debates? 

From section 2.3.2 we conclude that time may impose an obstacle to an active 

engagement of researchers in policy debates and that researchers may not feel institutionally 

encouraged to engage. This could possibly be remedied by an organizational effort to facilitate 

active engagement in policy-making and this directly raises the question of representation: Do 

all researchers have to be active in policy-making? And does the institution have the (moral) 

responsibility to facilitate engagement of researchers to actively engage in policy-making? To 

what extent should this be centrally steered? Taking this into account, we define that the 

second requirement relevant for an active engagement of researchers in policy-making is ‘task 

coordination’. Coordination can be understood as the ability of researchers to align their 

activities as researchers i.e. doing scientific research, with active engagement in policy-

making. Therefore, possible coordination processes need to be identified, including the 

facilitation and support of these coordinated actions by the institution. Future research could 

focus on: Which task coordination processes can be employed (e.g. at individual and 

institutional level) to facilitate simultaneous engagement of researchers in research related 

activities and in policy-making debates? Also, in order to study coordination processes, the 

relationship between motives and coordination can be helpful, since motives are important 

determinants of the willingness to coordinate (Malone and Crowston 1994).  

Section 2.3.2 indicates that successful engagement of researchers in policy debates 

requires that scientists possess certain communication and interpersonal skills. Therefore, the 

third requirement relevant for active engagement of researchers in policy-making represents 

‘communication competence’. Communication competence refers “to the extent to which a 

person achieves desired outcomes through communication [..]” (Morreale, Spitzberg, and 

Barge 2007, 29). Such competence is needed to constructively communicate with policy 

makers and other non-scientific stakeholders participating in policy debates. In addition, the 

communication competence ultimately influences the impression researchers make on policy 

makers and other stakeholders. As such, future studies about active engagement of 

researchers in policy-making can benefit from the insights from communication science. Our 

findings from section 2.3.2 also indicate that researchers may be hindered by a lack of training 

to communicate with non-scientific audiences. Therefore, we recommend that future 

 

research in this field may focus on the identification of communication competences 

necessary to facilitate active engagement of researchers in policy-making and on setting up 

training modules to further enable researchers to become engaged.  

Fourth, the findings from section 2.3.2 point out that the lack of recognition, and with that, 

associated lack of (perceived) appreciation may be discouraging for researchers to get actively 

engaged in policy debates. Therefore, the fourth requirement relevant for active engagement 

of researchers in policy-making concerns ‘recognition’. Recognition refers to the appreciation 

of non-research related activities by the institution that researchers work at as well as by 

academic peers, family and general public. Therefore, to facilitate active engagement of 

researchers in policy-making it is desirable that the institutes where researchers are employed 

encourage and reward outreach activities. To explore the current possibilities, future research 

could focus on the question: To what extent can outreach activities be encouraged and 

rewarded at public sector research institutes?  

Finally, the findings further indicate that researchers may be discouraged to actively 

engage when they fear their credibility may be negatively impacted. Therefore, a fifth 

requirement relevant for an active engagement of researchers in policy-making represents 

‘scientific credibility’. Scientific credibility refers to “[..] the capacity of claims makers to enrol 

supporters behind their claims, to legitimate their arguments as authoritative knowledge, and 

to present themselves as the sort of people who can give voice to science” (Epstein 1995, 411). 

Therefore, one of the necessary requirements for an active engagement of researchers in 

policy debates is to design strategies, which can make researchers feel confident and 

comfortable with such engagement. One possible approach could be engagement through 

larger groups, such as professional societies or advocacy and advisory groups (Mathews, 

Kalfoglou, and Hudson 2005a). Future research may therefore explore the following question: 

Which engagement strategies are available for researchers to engage in policy-making that 

minimize the negative impact on scientific credibility?  

2.4 Concluding remarks and recommendations 

Policies and regulations regarding the applications of agricultural biotechnology play an 

important role in facilitating commercial release of agricultural crops with improved 

characteristics. Yet, the current regulatory environment is considered confusing by public 

sector research institutes. While policy and regulatory debates are characterized by wide 

participation of stakeholders, such as environmental non-governmental organizations, 
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consumer groups and private industries, public sector researchers have not directly 

participated in these debates.  

Our literature review shows that there are strong arguments to involve researchers in 

policy-making. Active engagement of public sector researchers in policy debates can 

strengthen the voice and clarification of science in policy debates while at the same time 

providing researchers with timely opportunities to address potential misuse and 

misinterpretation of their work. This is especially relevant for agricultural biotechnology 

where strong influence of activist groups had a large impact on regulatory decisions. Currently, 

several consortia exists which focus on engagement of scientists in agricultural biotechnology 

policy-making, yet, no studies have been conducted so far which focus on requirements which 

are necessary for such an engagement. In this paper, we analysed a broad and 

multidisciplinary set of available literature on engagement of researchers in policy-making and 

science outreach activities from which we identified four reasons for and four reasons against 

the active engagement. These were used to recommend five requirements which may play an 

important role in stimulating and facilitating the active involvement of researchers in policy-

making: Motivation, Task coordination, Communication competence, Recognition and 

Credibility.  

The five requirements presented here should not be seen as independent from each other 

but rather as mutually interrelated. For example, the more researchers are able to coordinate 

between scientific career and engagement in policy-making, the more they are likely to be 

motivated to do so. Similarly, well-developed communicative competence is likely to have a 

positive impact on understanding and acceptance of scientific findings by non-scientific 

participants in policy debates, and therefore, it is likely to have an impact on researchers’ 

credibility. Although the validity and the usefulness of the identified requirements is yet to be 

empirically tested, it provides a possible directions for future investigation about the 

conditions which determine the propensity of researchers to actively engage at the science-

policy interface.  

We propose that the requirements we identified are further investigated empirically to 

confirm their validity. Qualitative study may also uncover requirements that have not been 

considered in this paper, as they may not have been identified in the literature we studied. 

We also advise investigating the importance of each of the requirements quantitatively to 

indicate which of the requirements are the most important determinants for active 

engagement of public sector researchers in policy-making. The identified requirements may 

 

well be relevant for all public sector researchers and their institutions also beyond the field of 

agricultural biotechnology. It is likely that they may be important also for other science policy 

fields that are characterized by uncertainty and dynamic policy-making processes. Our study 

also raises the question of how science and technology in general should be represented in 

policy-making and how this should be governed. In any case, the inclusion of research results 

requires active involvement of researchers and this starts with the motivation of researchers 

to become actively involved in policy-making debates. Active engagement can enable 

researchers to directly address the problems with unclear regulations, and thus, it can 

positively influence the innovation climate for agricultural biotechnology products.  
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indicate which of the requirements are the most important determinants for active 
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well be relevant for all public sector researchers and their institutions also beyond the field of 

agricultural biotechnology. It is likely that they may be important also for other science policy 

fields that are characterized by uncertainty and dynamic policy-making processes. Our study 

also raises the question of how science and technology in general should be represented in 

policy-making and how this should be governed. In any case, the inclusion of research results 

requires active involvement of researchers and this starts with the motivation of researchers 

to become actively involved in policy-making debates. Active engagement can enable 

researchers to directly address the problems with unclear regulations, and thus, it can 

positively influence the innovation climate for agricultural biotechnology products.  
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Abstract 

Scientists have always played an important role in informing policy decisions. However, many 

controversial policy problems regarding science and technology, such as agricultural 

biotechnology, are often characterized by low value consensus and high level of complexity. 

In these circumstances various policy actors legitimate their policy preferences using science. 

In this article, we challenge the linear model of science and policy and argue that the 

stakeholder model of science in policy is more appropriate for governance of controversial 

policy problems regarding science and technology. We build our argument on available 

literature and empirical data from interviews and two online surveys. We choose agricultural 

biotechnology as the case study to illustrate scientists’ perception about their role in policy-

making. Our study illustrates that agricultural biotechnology scientists sympathize with the 

stakeholder model of science and policy. However, there is a gap between perceived ideal role 

for scientists in policy-making and the role, which these scientists actually take.  

 

 

3 The role of scientists in agricultural biotechnology 
policy-making: From traditional to alternative 
views  

3.1 Introduction 

In modern societies, a large number of policies are related to scientific issues. "As the main 

instrument through which humans view, understand, and modify nature, the sciences have 

always held a privileged position in environmental debates” (Chilvers and Evans 2009). The 

importance of science for policy-making has grown over time since many of the modern 

policy-making problems are surrounded by environmental concerns, which are likely to have 

cross-sectorial impacts. For these reasons, scientific methods are utilized to identify and 

understand complex relationships (Engels 2005a, Woodhouse and Nieusma 1997, Haas 

1992b, Holmes and Clark 2008), to identify and assess potential risks (Allio, Ballantine, and 

Meads 2006), to predict potential impacts (Lach et al. 2003), to compare different scenarios 

(Pellizzoni 2011) and to frame issues and design options (Liberatore and Funtowicz 2003). Yet, 

with the increasing importance of science for policy-making concerns have started to emerge 

that raise critical questions about how science is viewed and used in policy-making. There 

seem to be a continuous tension between scientific information and societal and political 

priorities (Schenkel 2010, Pellizzoni 2011). This tension manifests itself in a so-called 

politicization of science; the processes of construction and deconstruction of scientific 

knowledge claims that lead to competition among interest groups, industry and politicians, all 

of whom try to determine how policy relevant science should be interpreted and by whom 

(Jasanoff 1987, Pellizzoni 2011, Wesselink and Hoppe 2010). Such politically motivated battles 

over the validity of scientific claims among industry, interest groups and politicians pose big 

challenges for the integration of scientific knowledge in policy decisions even when this 

knowledge is supported by scientific consensus of wide scientific society. Some speculate that 

one of the possible reasons why scientific knowledge gets neglected or even misused in the 

policy-making process is the lack of participation of scientists in policy-making (Foote, 

Krogman, and Spence 2009b, Weiss 1991a, Meyer et al. 2010, Allio, Ballantine, and Meads 

2006, De Greef 2004b, Strauss et al. 2009a, van der Werf Kulichova, Flipse, and Osseweijer 

2014). This paper presents the views of agricultural biotechnology scientists regarding the role 

of scientists in policy-making. It attempts to shed light on questions regarding the desirability 
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of scientists’ policy participation and the preferable roles for scientists’ in policy-making as 

perceived by scientists themselves.  

The participation of scientists in policy-making has been traditionally governed by the so-

called ‘linear model of science and policy’, which suggests that scientists only produce 

scientific knowledge, and the decision about how this knowledge is utilized in policy-making 

is completely left to policy makers (Pielke 2007; Chilvers and Evans 2009). This model, 

however, met with critique as it ignores important relationships between science and policy-

making, and science and society (McNie 2007). Consequently, an alternative model of science 

and policy emerged in mid-90’s in the literature and was summarized by Pielke (2007) as a 

stakeholder model of science and policy (Pielke 2007). The stakeholder model holds “[..] that 

considerations of how science is used in decision making are an important aspect of 

understanding the effectiveness of science in decision making” (Pielke 2007, 14). The 

stakeholder model of science in policy seems to relate to the Ostroom’s notion of complex 

problems which tend to include multiple actors who are concerned about policy outcomes 

but who do not hold the consensus about how these outcomes should look like (Ostrom 2009). 

The lack of consensus about the desired policy outcomes poses challenges to the proper 

integration of science in policy decisions (Smyth, Kerr, and Phillips 2013). As such, the 

stakeholder model of science in policy advocates that proper integration of scientific 

knowledge into complex policy problems require that scientists take a more engaged role in 

policy-making (Pielke 2007a). Pielke reasons that in these policy-making contexts passive 

delivery of scientific information (as the linear model suggests) cannot provide sufficient basis 

to determine which course of action should be taken (Pielke 2007, 17-18). However, despite 

the increasing awareness that the stakeholder model of science and policy may be more 

suitable for understanding the impact of scientific knowledge on policy decisions in 

controversial policy debates, only limited empirical research exists focusing on the 

perceptions of scientists about their own role in policy-making.    

This paper aims to explore, on the theoretical as well as empirical level, the views 

regarding participation of scientists in policy-making. The theoretical part of the paper 

attempts to answer the following questions: What are the differences between the linear and 

the stakeholder model of science and policy? How has the stakeholder model evolved in the 

literature? Which roles can scientists take when they subscribe to the stakeholder model? The 

empirical part of this paper is based on a case study that focuses on the role of scientists in 

agricultural biotechnology policy-making. It focuses on the following questions: How do 

 

agricultural biotechnology scientists perceive the role of scientists in policy-making and why? 

Which roles do these scientists prefer to take themselves in policy-making and why? The 

empirical data was collected in three phases. In phase one in-depth interviews with 

agricultural biotechnology scientists were carried out. In phase two and three, two online 

questionnaire surveys were administered.  

3.2 Background: From linear to the stakeholder model of science and 
policy 

"The conventional view on the science–policy interface conceptualizes scientific knowledge 

as a politically neutral input to rational processes of decision making and assumes a clear, 

indisputable boundary between science and policy” (Holifield 2009). This, a so-called, linear 

model of science and policy builds on the “neutrality view on science which implies that 

scientists only produce scientific knowledge and the decision about how this knowledge is 

utilized in policy-making is completely left to policy makers (Holifield 2009, Steel et al. 2004, 

Chilvers and Evans 2009, Pielke 2007a). The neutrality view proposes that “[..] the primary 

responsibility of the researchers consists in producing reliable, objective knowledge about the 

world through a process of disinterested, curiosity-driven research”(Schuurbiers 2010, p.20). 

In essence, the linear model suggests that science and policy-making are two separate worlds, 

and therefore, scientists should carry out research and policy-making should be left to policy 

makers. The stakeholder model of science and policy, on the other hand, supports that 

scientists can be seen as stakeholders in policy debates which concern discussion about 

research and application of science and technology since the results of these debates directly 

influence the conduct of their work (i.e. regulatory frameworks, decisions about research 

funding).  

Although the linear model served for many years as the main model for the positioning of 

scientists in policy-making, over the time scholars started to recognize that the major premises 

on which it builds cannot be maintained in practice. The seminal work of American sociologists 

Thomas Gieryn skilfully demonstrated that scientific value freedom; political 

disinterestedness and objectivity cannot be maintained in practice. To illustrate his argument 

Gieryn presented three examples in which scientists attempted demarcation by constructing 

social boundaries between scientific and non-scientific activities. Using these examples, 

Gieryn illustrated that scientists always attempt to protect their professional authority and 
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showed that scientists similar to other social actors are not value free and objective individuals 

(Gieryn 1983).  

Scholars in Policy Studies have also recognized the value driven role of scientists in policy 

debates. Three concepts introduced by policy science scholars illustrate that scientists often 

step down from the ‘ivory tower’ and take a stakeholder role in policy-making; The advocacy 

coalition framework (Sabatier 1988b), epistemic communities (Haas 1992b) and the global 

knowledge networks (Maxwell and Stone 2004) indicate that scientists are likely to become 

members of policy networks if the goals of these networks resonate well with their own 

normative and causal believes.  For example, Sabatier (1988) suggests that each policy system 

has a subsystem, which is represented by actors who are actively concerned about a policy 

problem or issue. These actors come from different backgrounds including science, since 

scientists possess special skills and knowledge, which they can leverage to support a cause. 

Haas (1992) proposed that scientists may enter the policy arena via a network called an 

epistemic community which represents “(..) a network of professionals with a recognized 

expertise and competence in a particular domain and an authoritative claim to policy-relevant 

knowledge within that domain or issue-area” (Haas 1992). Members of an epistemic 

community can be social and natural scientists alike. Stone (2002) proposed that scientists 

may also become members of so-called global knowledge networks which “[..] incorporate 

professional associations, academic research groups and scientific communities that organize 

around a special subject matter or issue”. (Stone 2002, p. 2). By using their scientific 

knowledge and special expertise global knowledge networks can gain authority to inform 

policy.  

 Examples offered from boundary work and policy networks indicate that the stakeholder 

model of science and policy has been attractive to some scientists. According to Pielke (2007), 

it seems that scientists whose work has become a controversial subject of policy discussions 

are more likely to subscribe to the stakeholder model of science and policy. Yet, not all 

scientists are interested in active engagement, and therefore, Pielke proposes four roles for 

scientists in policy-making: Pure scientist, Science arbiter, Issue advocate and Honest broker 

of policy alternatives. Pielke attributes the first two roles to the linear model of science and 

policy and he links the last two roles to the stakeholder model of science and policy. Table 3 

presents the proposed four roles for scientists’ in policy-making together with their brief 

characteristics. Building on this conceptual background, the next section presents the design 

 

of a case study, which investigated the perceptions of agricultural biotechnology scientists 

about their role in policy-making.  

 
Table 3 Possible roles for scientists in policy-making (Based on Pielke, 2007) 

Pure scientist Focuses only on facts and has no interaction with the decision maker 

Science arbiter Answers specific factual questions posed by the decision maker 

Issue advocate Seeks to reduce the scope of choice available to the decision maker  

The honest 
broker  

Seeks to expand, or at least clarify, the scope of choice available to the 
decision maker  

 

3.3 Methodology 

3.3.1 Case study rational: How do agricultural biotechnology scientists perceive 
their role in policy-making? 

Agricultural biotechnology has always been surrounded by debate and controversies 

regarding the appropriate level of regulatory scrutiny. Although the scientific consensus has 

been that modern biotechnology can be used safely and effectively, there has been a 

controversial debate among regulators, biotechnology companies, opponents of the 

technology and non-governmental organizations (NGOs) questioning the safety of genetically 

modified (GM) crops (Cantley and Kershen 2013). The controversial opinion among different 

stakeholders played its role during the design of international regulatory frameworks, such as 

the European Union GMO Directives and Regulations as well as the International agreement 

on biosafety called the Cartagena Protocol on Biosafety. Some claim that neglecting available 

scientific evidence resulted in regulatory procedures that are increasingly time consuming, 

costly and effort intensive (Cantley and Kershen 2013, Ammann 2014, Potrykus 2010, De Greef 

2004b, Dubock 2014, Miller and Bradford 2010, Vigani and Olper 2013, McDougall 2011).  

Strauss et al. (2010) showed that the length of the approval processes for the field testing of 

GM crops in the United States has increased over the time (Strauss et al. 2010, 738). The same 

authors suggest that “[..] the current legal and regulatory situation places severe constraints 

on both the ability to develop GM crops at all, and then on the performance of adequate 

environmental studies to inform regulatory and other social decisions about their use”. The 
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problems with regulatory compliance are especially felt among public sector researchers who 

work with restricted research budgets, and therefore, they often do not have enough financial 

resources to satisfy endless quests for additional data by the regulatory authorities (Strauss 

et al. 2010, Strauss et al. 2009a). While scientists complain about the unnecessary complexity 

of biosafety legislations, environmental NGOs are calling for more studies to ensure that any 

possible negative impacts from cultivating GM crops are prevented (Ansell, Maxwell, and 

Sicurelli 2006). Given this background, agricultural biotechnology can be seen as a case study 

for policy-making related to science that is characterized by low value consensus among 

stakeholders and high level of political uncertainty about possible future impacts. These 

characteristics make the case of agricultural biotechnology policy-making a valuable case for 

studying scientists’ perceptions about their role in policy-making.  

3.3.2  Data collection 

The data was collected in three phases. In phase one, semi-structured interviews were carried 

out with 17 European scientists working in the field of agricultural biotechnology. During this 

phase, 82 European scientists were approached via e-mail. 57 scientists were subscribers of 

the mailing list of the Public Research and Regulation Initiative (PRRI). PRRI was established in 

2004 with the objective to offer a forum for public sector scientists to be informed about and 

involved in international discussions about biosafety (www.prri.net). The membership in PRRI 

is free of charge. Any scientist interested in a PRRI membership can join the organization 

provided he/she works at a public sector research institute. The interest in PRRI activities seem 

to indicate that these scientists have some concerns with regulatory procedures and thus are 

more politically interested scientists. The remaining 25 scientists did not have an affiliation 

with any organization that facilitates engagement of scientists in policy-making. The inclusion 

of both kinds of scientists enabled us to observe a broader range of perspectives on scientists’ 

role in policy-making. In total, 30 scientists reacted positively and 17 interviews were 

scheduled due to time constraints. Twelve scientists in our sample were PRRI subscribers, and 

therefore had some experience with policy engagement, while the other five scientists had 

only limited or no experience with policy engagement. Although our sample mostly included 

life scientists, we also interviewed one science communication specialist and one economist 

to broaden the possible perspectives on scientists’ policy engagement. The sample 

characteristics of interviewees are presented in Table 4. The interviews took place in July, 

2013. In order to investigate scientists’ opinion about their role in policy-making we asked 

scientists the following questions: 1) Do you think that scientists have the responsibility to not 

 

only publish but also to interpret research results for policy makers? Why? 2) Do you think 

that scientists should personally involve in policy-making or that science and policy-making 

should be separate processes? Why? 3) Some scientists advocate on specific policy decisions 

they prefer and thereby use science to reduce the scope of choice available to policy makers. 

In general, do you think positively or negatively about this? Why? 4) Others argue that 

scientists should seek to clarify the scope of choice available to a policy maker, so not to 

advocate a single “best” course of action, but to address the question which policy alternatives 

are consistent and inconsistent with scientific results? In general, do you think positively or 

negatively about this? Why? 5) What role do you take in policy-making? 

In phase two and three, complementary data was collected via two online surveys with 

agricultural biotechnology scientists to validate the findings from the interviews. To maintain 

our sampling strategy, the first online survey targeted scientists who are members of the 

Public Research and Regulation Initiative, hence politically concerned scientists. The link to an 

online questionnaire was mailed to 312 scientists who are subscribed to the PRRI mailing list. 

Scientists who participated in the interviews were excluded from the mailing list. The second 

survey was administered with agricultural biotechnology scientists who are subscribed to the 

mailing list of the International Service for the Acquisition of Agri-biotech Applications (ISAAA). 

142 ISAAA subscribers were approached. ISAAA is a global knowledge network with its core 

focus on agricultural biotechnology. It provides science-based information to scientific 

community and other stakeholders about new developments in the field of agricultural 

biotechnology and deals with policies and regulation (www.isaaa.org). Because it was likely 

that some PRRI members may also be ISAAA subscribers, our invitation e-mail for survey 

participation stated that only scientists who did not participate in the first survey should 

participate. Inclusion of two groups of scientists allowed us to examine the similarities and 

differences in their perceptions about their role in policy-making. The sample characteristics 

of PRRI scientists are presented in Table 5. The sample characteristics of ISAAA subscribers are 

presented in Table 6. The data was collected between December 2013 and February 2014. 
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participation stated that only scientists who did not participate in the first survey should 

participate. Inclusion of two groups of scientists allowed us to examine the similarities and 
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Table 4 Sample characteristics (Phase 1 - Interviews with European agricultural biotechnology scientists) 

Gender Age (years) Employer Countries 
Male (13) < 30 (0) University (10) Germany (2) 

Female (4) 30 - 40 (1) PRI (7) Italy (1) 
 41 - 50 (1)  The Netherlands (5) 
 51 - 60 (9)  Belgium (3) 
 > 60 (6)  United Kingdom (1) 
   Switzerland (1) 
   Spain (1) 
   France (2) 
   Hungary (1) 

17 (100%) 17 (100%) 17(100%) 17 (100%) 
Notes: PRI=Public sector research institute 

 

 

Table 5 Sample characteristics (Phase 2 - Online survey with PRRI members) 

Gender Age (years) Employer Continents 
Male (77%) < 30 (3.7%) PRI (35.6%) South America (11.1%) 

Female (23%) 30 - 40 (11.0%) University (48.9%) North America (12.6%) 
 41 - 50 (28.9%) Other * (15.6%) Europe (40.0%) 
 51 - 60 (32.6%)  Africa (14.8%) 
 > 60 (23.7%)  Australia (1.5%) 
   Asia (20.0%) 

139 (100%) 139 (100%) 139 (100%) 139 (100%) 
Notes: * International governmental organizations, Self-employed, Retired, PRI=Public sector research institute 

 

 

Table 6 Sample characteristics (Phase 3 - Online survey with ISAAA subscribers) 

Gender Age (years) Employer Continents 
Male (75,93%)   < 30 (0%) University (59%) South America (0%) 

Female (24,07%) 30 - 40 (16%) PRI (19%) North America (35,18%) 
 41 - 50 (20%) NGO (8%) Europe (35,20%) 
 51 - 60 (31%) Other* (22%) Africa (24,07%) 
 > 60 (33%)  Australia (1,85) 
   Asia (3,70%) 
       

54 (100%) 54 (100%) 54 (100%) 54 (100%) 
Notes: * International governmental organizations, Self-employed, Retired, PRI=Public sector research institute 

 

 

In order to investigate scientists’ perception about their role in policy-making, we asked 

them to express their agreement or disagreement with the following statements: 1) Scientists 

are important policy stakeholders, 2) All stakeholders should participate in policy-making to 

ensure that their interest is reflected in policies and regulations. These statements were 

assessed on a 5 point Likert scale ranging from Strongly agree to Strongly disagree. The results 

from interviews indicated that there are some reoccurring themes in our dataset. Therefore, 

we decided to also ask scientists about these. These themes included perceived impact of 

regulatory frameworks on research progress in agricultural biotechnology, perceived 

politicization of science and the feelings of social responsibility. For example, scientists were 

asked to evaluate the following statements: 1) For an accurate integration of scientific results 

into regulations, scientists need to interpret scientific results to policy makers; 2) It is 

scientists’ moral duty to ensure that scientific findings are utilized for the well-being of society. 

These statements were also evaluated on a five point Likert scale. All statements, which were 

included in the first survey, are presented in Table 7.  

 

Table 7 Results form the online survey with PRRI members 

Theme Statement SA A N D SD (N=) 

Pe
rc

ei
ve

d 
ro

le
s 

Scientists are important policy 
stakeholders 

52.67% 35.33% 8.67% 3.33% 0.00% 150 

All stakeholders should participate in 
policy-making to ensure that their interest 
is reflected in policies and regulations 

28.67% 56.67% 10.00% 4.67% 0.00% 150 

Im
pa

ct
 o

f 
re

gu
la

ti
on

s Strict regulations prevent innovative 
research in agricultural biotechnology 

44.08% 42.11% 1.97% 10.53% 1.32% 152 

Po
lit

ic
iz

at
io

n 
of

 
sc

ie
nc

e 

Most policy makers lack the necessary 
scientific background, and therefore, may 
misinterpret scientific data 

49.34% 36.84% 8.55% 4.61% 0.66% 152 

For an accurate integration of scientific 
results into regulations, scientists need to 
interpret scientific results to policy 
makers 

50.00% 46.00% 3.33% 0.67% 0.00% 150 

So
ci

al
 

re
sp

on
si

bi
lit

y It is scientists’ moral duty to ensure that 
scientific findings are utilized for well-
being of society 

50.00% 32.67% 11.33% 6.00% 0.00% 150 

When I engage in regulatory debates, I feel 
I contribute to societal well-being. 

40.13% 44.74% 11.84% 3.29% 0.00% 152 

Notes: SA=Strongly agree, A=Agree, N=Neutral, D=Disagree, SD=Strongly disagree, N=Sample size 
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In phase 3, additional data was collected from agricultural biotechnology scientists who 

subscribed to the ISAAA mailing list. Due to a nature of this group but also some comments 

from PRRI scientists on wording of some questions, the second survey included slightly 

modified versions of the questions, which were asked in the first survey. For example, we 

asked scientists to indicate their agreement/disagreement with the following statements: 1) I 

feel that regulatory standards in my country facilitate deployment of benefits from 

agricultural biotechnology; 2) Engagement in policy-making is my social responsibility. All 

statements, which were included in the second survey, are presented in Table 8. The data was 

collected between February 2015 and April 2015. 

 

Table 8 Results from the online survey with ISAAA subscribers  

Theme Statement SA A N D SD (N=) 

Pe
rc

ei
ve

d 
ro

le
s 

I believe that participation of public sector 
scientists in policy-making regarding 
agricultural biotechnology is important. 

70.00% 25.00% 3.33% 0.00% 1.67%    60 

Im
pa

ct
 o

f r
eg

ul
at

io
ns

 I feel that regulatory standards in my 
country facilitate deployment of benefits 
from agricultural biotechnology 

4.69% 21.88% 7.81% 39.06% 26.56% 64 

I feel that regulatory standards in my 
country encourage public sector research in 
agricultural biotechnology (field trials) 

12.50% 23.44% 10.94% 34.38% 17.19% 64 

I feel that regulatory standards in my 
country encourage commercialization of 
agricultural biotechnology products 

7.81% 23.44% 9.38% 23.44% 35.94% 64 

Po
lit

ic
iz

at
io

n 
of

 s
ci

en
ce

 

Regulatory standards in my country are 
mostly based on political preferences 

32.81% 29.69% 12.5% 21.88% 3.13% 64 

Regulatory standards in my country are 
mostly based on public preferences 

18.75% 26.56% 18.75% 35.94% 0.00% 64 

Regulatory standards in my country are 
mostly based on anti GMO NGO preferences 

26.56% 25.00% 9.38% 31.25% 7.81% 64 

So
ci

al
 

re
sp

on
si

bi
lit

y Engagement in policy-making is my social 
responsibility. 

38.33% 45.00% 8.33% 6.67% 1.67% 60 

Engagement in policy-making is part of my 
job scope. 

25% 43.33% 5% 20% 6.67% 60 

Notes: SA=Strongly agree, A=Agree, N=Neutral, D=Disagree, SD=Strongly disagree, N=Sample size 

 

 

3.3.3 Analytical approach 

In order to analyse the data collected from interviews, we used Atlas Ti software, version 

7.5.4. This software enabled us to code data according to the themes of our interest and also 

to sort out themes, which were repetitive throughout the whole dataset. We employed the 

following main codes in our analysis: Code1: How do scientists perceive their role in policy-

making? Code 2: Why do scientists think that they should engage in policy-making?  Code 3: 

Which role do scientists perceive as appropriate for scientists’ engagement in policy-making 

regarding agricultural biotechnology? Code 4: Which policy role do scientists take themselves? 

These codes corresponded to the questions that we asked scientists to answer during the 

interviews. Given the exploratory nature of this research we employed the model proposed 

by Pielke (2007) to identify common beliefs that have influenced scientists in forming their 

opinion about their role in policy-making. To analyse the results from the two online surveys 

we used a simple descriptive statistics focusing on frequency distribution of answers.   

3.4 Results 

3.4.1 General observations  

First, the qualitative data we collected from interviews with 17 public sector scientists working 

in the area of agricultural biotechnology indicate that all scientists in our sample feel strong 

resonance with the stakeholder model of science and policy. This result is also supported by 

our quantitative results, which indicate that the majority of scientists believe that scientists 

are important policy stakeholders. Second, although all interviewees agreed that scientists 

should actively participate in policy-making some participants expressed opinions that not all 

scientists need to be active, i.e. because not all scientists have the necessary qualities to do 

so and not all scientists are necessary interested in policy engagement. Third, as to the 

question of why should scientists engage in policy-making, we observed that three themes 

were reoccurring throughout the text; 1) Scientists’ discontent with biosafety regulations, 2) 

Perceived politicization of biosafety regulatory debates and 3) The feeling of social 

responsibility. Scientists generally felt that the current regulatory environment for agricultural 

biotechnology is not favourable for public sector research, especially regarding the 

experimental field trials with genetically modified crops. Similar results were also obtained 

from the online survey where the majority of scientists disagreed that regulatory frameworks 

in their countries facilitate deployment of benefits from agricultural biotechnology. Scientists 

also felt that often policy-making discussions about regulatory standards are influenced by 
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ideology instead of by scientific evidence. Fourth, regarding the question about which role 

should scientists take when they engage in policy-making, most scientists in our sample felt 

that the role which integrates both the issue advocacy and the honest brokering of policy 

alternative is the most appropriate role for scientists in policy-making.  Finally, our findings 

regarding the actual role that politically concerned scientists take in policy-making indicate 

that most scientists take the honest brokering role and only two scientists adopt the issue 

advocacy role. In the next sections, we present some quotes from interviews to illustrate these 

findings in more details.  

3.4.2 How do scientists perceive their role in policy-making? 

Most scientists who participated in our study agreed that it is important that scientists do 

engage in policy-making regarding agricultural biotechnology. 88% of PRRI scientists and 95% 

of ISAAA subscribers believe that scientists are important policy stakeholders (see Table 7 and 

8). These results were also evident during interviews. For example, some interviewees stated: 

[..] I’m pretty convinced that besides publishing scientific results we should 

also make efforts to communicate these results to the public, but also to the 

politicians (Interview 10, Belgium, Regularly engages in policy-making). 

Yes, I think it’s very important because otherwise, like they say, you’re in an 

ivory tower and that’s not good for science (Interview 16, Belgium, Regularly 

engages in policy-making).  

I think it’s… in my area, it’s very important because my area is very sensitive. 

We are talking about crops and food security and biofuels. They are all in the 

newspapers or on the Internet. Every week. And there are a lot of 

misunderstandings. With people. With governments. Policymakers. 

Politicians. And I think it’s our responsibility to help to clarify and to come to 

a consensus (Interview 1, United Kingdom, Regularly engages in policy-

making). 

Although many scientists agreed that there is a role for them to play in policy-making the 

results from interviews point out that scientists perceive the question about their engagement 

in policy-making to be context specific. For example, some scientists stated: 

I think yes, maybe not all of them [scientists], because not everybody, not 

all scientists are prepared for different things. There are some scientists who 

 

are better in publishing things and maybe others are better in more … how 

do you say it, to do master classes or explain themselves better than others. 

I think we need both kinds of scientists, [..] (Interview 15, Spain, Little 

experience with policy engagement). 

I think it depends on the individual scientist. Some have stronger interest in 

policies than others. At least, they have to play the role of informing policy 

makers. If they then want to become involved in policy-making that is then… 

I think that has to be the responsibility of each individual scientist. So not 

everybody also wants to be a policy maker. So everybody has to make his 

own choices (Interview 1, United Kingdom, Regularly engages in policy-

making). 

3.4.3 Why do scientists think that they should engage in policy-making?  

As described earlier, the arguments for scientists’ engagement can be clustered by means of 

reoccurring themes. We observed that the following themes were repeatedly discussed across 

all interviews: 1) Discontent with regulatory environment, 2) Inadequate impact of science on 

policy decisions and 3) The feelings of social responsibility. In the following paragraphs, we 

present the results in line with these sub-themes.  

Discontent with regulatory environment. The first sub-theme relates to dissatisfaction with 

the current regulatory environment for agricultural biotechnology. The results show that 

many scientists feel that current regulatory environment is hindering research (mainly field 

trials with GM crops) and commercialization of green biotechnology.  Some interviewees 

stated: 

[..] if you compare public sector with private sector in Europe it is absolutely 

clear that public sector is not being able to bring anything to the market and 

to produce something that goes onto the market in our sector of course, in 

our research field, because we don’t have the financial resources to do that. 

Because the cost of bringing a product to the market is in the range of many 

millions of dollars per product. [..] And this means that the legislation has 

actually killed any contribution of the public sector to the problem 

(Interview 7, Italy, Regularly engages in policy-making). 
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all scientists are prepared for different things. There are some scientists who 

 

are better in publishing things and maybe others are better in more … how 

do you say it, to do master classes or explain themselves better than others. 

I think we need both kinds of scientists, [..] (Interview 15, Spain, Little 

experience with policy engagement). 

I think it depends on the individual scientist. Some have stronger interest in 

policies than others. At least, they have to play the role of informing policy 

makers. If they then want to become involved in policy-making that is then… 

I think that has to be the responsibility of each individual scientist. So not 

everybody also wants to be a policy maker. So everybody has to make his 

own choices (Interview 1, United Kingdom, Regularly engages in policy-

making). 

3.4.3 Why do scientists think that they should engage in policy-making?  

As described earlier, the arguments for scientists’ engagement can be clustered by means of 

reoccurring themes. We observed that the following themes were repeatedly discussed across 

all interviews: 1) Discontent with regulatory environment, 2) Inadequate impact of science on 

policy decisions and 3) The feelings of social responsibility. In the following paragraphs, we 

present the results in line with these sub-themes.  

Discontent with regulatory environment. The first sub-theme relates to dissatisfaction with 

the current regulatory environment for agricultural biotechnology. The results show that 

many scientists feel that current regulatory environment is hindering research (mainly field 

trials with GM crops) and commercialization of green biotechnology.  Some interviewees 

stated: 

[..] if you compare public sector with private sector in Europe it is absolutely 

clear that public sector is not being able to bring anything to the market and 

to produce something that goes onto the market in our sector of course, in 

our research field, because we don’t have the financial resources to do that. 

Because the cost of bringing a product to the market is in the range of many 

millions of dollars per product. [..] And this means that the legislation has 

actually killed any contribution of the public sector to the problem 

(Interview 7, Italy, Regularly engages in policy-making). 
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[..] I’ve now left that area but I worked for 10 years at the [..] where we did 

GM field trials. But it just becomes too difficult and for me now it’s more 

interesting to work in other areas. It’s now a very big mess with the field 

trials and trying to do GM research in Europe. So I actually got out of it 

(Interview 1, United Kingdom, Regularly engages in policy-making). 

The results from the two online surveys also indicate that most scientists perceive the 

regulatory environment for agricultural biotechnology as unfavorable for research and 

commercialization. For example, 86% of scientists who are members of PRRI agreed that strict 

regulations prevent research progress in agricultural biotechnology (Table 7). Also 66% of 

scientists who are subscribers to ISAAA agreed that regulatory standards in their countries do 

not facilitate deployment of benefits from agricultural biotechnology (Table 8). 

Perceived politicization of regulatory debates. The second sub-theme concerns the scientists’ 

perceptions about politicization of regulatory debates. Many scientists whom we interviewed 

expressed their concerns about the misuse of science in policy debates. Some scientists 

stated:    

[..], when we talk about life sciences, on the GMO issue in particular, these 

issues are not easy, they are extremely complex. And sometimes, we 

observe that regulators such as politicians try to simplify issues in a way that 

doesn’t really reflect what allows us to conclude from a scientific point of 

view (Interview 5, Germany, Regularly engages in policy-making). 

Well, science is being used in the correct way to evaluate GMOs by the 

European Food Safety Authority, but then at a political level they don’t look 

at the science anymore and they make political decisions that are not based 

on the scientific conclusions (Interview 16, Belgium, Regularly engages in 

policy-making).  

So I was involved really in the whole process, but mainly from a scientific 

point of view. And it was interesting that they were, the policy makers were 

admitting that their policy was not based on science in all cases and 

sometimes based on political considerations from the home country 

(Interview 1, United Kingdom, Regularly engages in policy-making). 

Possible misinterpretation/misuse of scientific data in policy-making has been also agreed 

upon in the two online surveys. 96% of PRRI scientists agreed that in order to accurately 

 

integrate scientific results into policy-making scientists need to interpret their data to policy 

makers (Table 7). While PRRI scientists had a united opinion about this matter ISAAA 

subscribers were more divided. Nevertheless, 60% of ISAAA subscribers agreed that 

regulatory standards in their countries were mostly based on political preferences (Table 8). 

Commitment to social responsibility. The third sub-theme, which emerged from our dataset 

regarding the question why scientists should engage in policy-making, concerns the 

commitment to social responsibility. Many scientists in our sample expressed that they feel 

socially responsible to participate in policy-making debates to make sure that scientific 

evidence is heard and used for achievement of societal goals. Some scientists stated: 

Well, first of all, the research is being funded by public money, so the public 

has the right to know what this money is being used for (Interview 16, 

Belgium, Regularly engages in policy-making). 

Shaping restrictive and unjustified rules for a certain technology can be bad 

for society in various ways. So I think the best help we can offer is to provide 

information, suggest which solution could work best to improve the society 

and the development of new plants and cultivation practices (Interview 7, 

Italy, Regularly engages in policy-making). 

I think I’m hugely passionate about science … I strongly believe that you 

should do science to benefit the community (Interview 13, United Kingdom, 

Little experience with policy engagement). 

Results supportive of a strong sense of social responsibility among scientists were also 

obtained from the online surveys. 83% of scientists who are members of PRRI agreed that it 

is scientists’ responsibility to ensure that scientific findings are utilized for well-being of society 

(Table 7). Also 83% scientists who are subscribers to ISAAA mailing list agreed that 

engagement in policy-making is their social responsibility (Table 8). 

3.4.4 Which role do scientists perceive as appropriate for scientists who 
participate as stakeholders in policy-making?  

Building on the Pielke’s typology, we asked scientists whether they think that scientists should 

take the issue advocacy role or the honest brokering role. Our results indicate that six 

scientists considered the issue advocacy role as important, four scientists thought that the 

role of honest broker is more appropriate and seven scientists considered the combination of 
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these two roles to be the best for participation of scientists in policy-making. Some scientists 

who preferred the issue advocacy role stated:  

Well, lobbying is like a negative word. Lobby is like propaganda, it sounds a 

bit negative. But I think it’s really needed, because you cannot expect 

politicians [..] that they have all this knowledge. They should be assisted and 

they should be coached by scientists who are specialized or experts in 

certain topics. That would be good. I’m really in favor of that (Interview 10, 

Belgium, Regularly engages in policy-making). 

I think scientists are only humans, so I don’t think you can avoid or 

disapprove that a scientist advocates a particular course. It’s the job of the 

policy maker to find representatives of all the sides, so that they can weight 

them up and make decisions on policy (Interview 14, The Netherlands, 

Regularly engages in policy-making). 

One scientist who preferred the role of honest broker explained:  

I think it’s important that scientists keep themselves a little bit separated in 

the sense that they shouldn’t make the final decision, but they should be 

involved in helping making people the final decision, because very often the 

people making these decisions are non-scientists or have a very poor 

scientific background. So they have very little idea about what the 

possibilities are and what the risks are. So they need to be involved, but 

eventually the policy makers, and these are mostly the politicians, who are 

deciding (Interview 13, United Kingdom, Little experience with policy 

engagement). 

The majority of scientists in our study concurred integrating roles, both the issue advocacy 

and the honest brokering of policy alternatives. These scientists stated:  

In general, I think it’s good that we try to present all the facts to the public 

or to policy makers. But I think we should give our own views as well. We 

shouldn’t just say there are four options. You choose. We should say there 

are four options and I recommend in descending order of choice that three 

is the best or four is the best (Interview 1, United Kingdom, Regularly 

engages in policy-making). 

 

I understand that you think there is a divide [between the two roles] and I 

would say spontaneously: it’s a matter of personal choice. And it’s a matter 

of your own personality. And for me, as a person, I would involve in both. I 

have done that and I write books and articles and involve myself in political 

discussions, on all levels (Interview 4, Switzerland, Regularly engages in 

policy-making). 

3.4.5 Which role do scientists take in policy-making? 

Since our group included some scientists who regularly engage in policy-making, we were 

interested to find out which role the majority of scientists take themselves. Our results 

indicate that out of nine scientists who regularly engage in policy-making six scientists take 

the roles of honest broker, two scientists engage in policy-making as issue advocates and one 

scientist takes both roles. These results imply that although many scientists in our study are 

supportive of the issue advocacy role most of them do not adopt this role themselves. One 

scientist explained: 

Well, I like to give information, but I’m not the character… I don’t have the 

character to go for lobbying. I like to teach, I like to give information, I like 

to explain things, so that’s a role that I like to do and that in the recent years 

I’ve also done (Interview 16, Belgium, Regularly engages in policy-making). 

The following statement illustrates an example of how one scientist currently contributes 

to policy making: 

I try to especially inform them with the good and correct scientific 

information. If you look to the GMO debate, there are a lot of groups, a lot 

of people that just spread nonsense and are spreading false arguments, 

which are really […], which have no foundation at all and politicians and 

policy makers also read the papers, and they also pick up these arguments. 

And at the end of the day they don’t know what they have to believe. So 

what I’m trying to do is really to go to the politicians and give them a 

presentation on GMOs and agriculture and explain them this is what it is 

about and this is a GMO and these are the arguments that show that it is 

safe and just provide them with the good information [..]. So this is mainly 

what I’m trying to do. Just to inform, educate (Interview 10, Belgium, 

Regularly engages in policy-making). 
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3.5 Conclusions and discussion 

The purpose of this study was to provide theoretical as well as empirical exploration about 

the role of scientists in policy-making. Our research was motivated by the fast evolving fields 

of science and technology, such as biotechnology, which would seem to call for more active 

participation of scientists in policy-making as these fields are often surrounded by high levels 

of complexity and low consensus on values. Our theoretical exploration indeed shows that 

proper integration of scientific knowledge into these policy problems requires that scientists 

become actively engaged in policy-making.  

First, we proposed that the value freedom of scientific inquiry, as the linear model 

proposes, can be questioned in practice, and therefore, the stakeholder model of science and 

policy might be more appropriate for engagement of scientists in controversial policy-making. 

Our empirical results also show that most scientists who participated in our study believe that 

they are important policy stakeholders. Many scientists feel that engagement in policy-making 

is necessary to ensure the implementation of functioning regulatory frameworks and de-

politicization of scientific knowledge in regulatory (and perhaps also public) debates. Taking 

these results into account, our study confirms the concerns articulated by (Cantley and 

Kershen 2013; Ammann 2014; Potrykus 2010; De Greef 2004; Dubock 2014; Miller and 

Bradford 2010; Vigani and Olper 2013) regarding the politicization of regulatory debates and 

restrictive regulatory environment for agricultural biotechnology research and 

commercialization. Our results also point out that many scientists consider engagement in 

policy-making important because they feel a strong sense of social responsibility. This finding 

supports the views articulated by (Schuurbiers 2010) that the application oriented research 

makes it difficult to maintain the neutrality view.  

Second, our study indicates that many agricultural biotechnology scientists are supportive 

of a so-called “integrative” role of scientists in policy-making. This role combines the features 

of issue advocacy and the honest brokering of policy alternatives as proposed by Pielke (2007). 

This means that our results point out that the ideal role for scientists in policy-making should 

not only be to present all potential alternatives to decision makers, but also to articulate which 

of these alternatives are the most plausible from the scientific point of view. Pielke himself 

recognized that such integrative role is likely to occur in practice.  The integrative role also 

seem to partially overlap with the ‘cooperating’ role proposed by Steel et al. (2004) who 

defined it as a role in which scientists should work closely with policy makers and other 

stakeholders in policy debates to integrate scientific results in policy decisions.  

 

Third, we find that although many scientists sympathized with both issue advocacy and 

the integrative role in policy-making, only two scientists in our study actually do take the issue 

advocacy role themselves while most scientists tend to engage in policy-making as the honest 

brokers of policy alternatives. This shows that scientists in our study who regularly engage in 

policy-making prefer to take the informative role instead of making their views explicit. Some 

of our results indicate that this could be caused by the clash between what scientists believe 

is the best for the achievement of desired policy outcomes and how they evaluate their own 

personality/capacity for doing so. Furthermore, we also find that although many scientists 

agreed that engagement in policy-making is important some scientists recognized that it is not 

feasible for all scientists to regularly participate in policy-making (i.e. due to time constraints). 

This could also partially explain the gap between the perceived ideal and the actual role in 

policy-making. Scientists’ concerns related to the lack of time have been also reported in 

studies which focused on scientists’ engagement in science outreach activities (Mathews, 

Kalfoglou, and Hudson 2005b, Andrews et al. 2005, Sturzenegger-Varvayanis et al. 2008, van 

der Werf Kulichova, Flipse, and Osseweijer 2014).  

Fourth, our findings raise the question about which institutional strategies are needed at 

universities and public sector research institutes to facilitate engagement of scientists in 

policy-making. Furthermore, we need to identify which selection processes should be 

followed when deciding how many scientists and at which career stages should be politically 

active per institute, or per working group. Other relevant questions pertain to mapping of 

faculty evaluation criteria at various universities to broaden our understanding about how 

engagement in science outreach activities is evaluated, if at all. Gonzales and Nunez recently 

showed that the number of published articles is still a widely preferred metric when it comes 

to academic evaluation (Gonzales and Núñez 2014).  

Fifth, while institutional strategies will play an important role in facilitating scientists’ 

engagement in policy-making, the understanding of different channels through which 

scientists enter the policy arena is equally important. Our literature review illustrates that 

membership in the Global Knowledge Networks; Epistemic Communities and Advocacy 

Coalitions may provide possible channels for scientists’ policy engagement at national as well 

as global policy-making. The existence of PRRI and ISAAA illustrates that global scientific 

networks indeed thrive to inform international policy debates.  

Finally, controversial policy-making in which scientific knowledge has an important impact 

on policy decisions seems to call for establishment of criteria that enable evaluation of the 
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legitimacy of different scientific claims that are presented to policy makers by the industry, 

NGOs and scientific societies. This still poses a big challenge to the biotechnology sector as 

‘scientific’ claims against biotechnology made by a single research group or an individual 

scientist usually reach policy makers and public before they can be validated by scientific 

community at large.  

 

Study limitations 

In this section, we discuss some study limitations that we acknowledge with regards to our 

results and broader implications. First, our interview sample was oriented towards senior 

scientists, which prevents us from generalizing our findings to younger scientists. It may well 

be that younger scientists may have different views about their role in policy-making than 

senior scientists, and therefore future research could focus on examining the views of junior 

scientists on their role in policy-making. Second, our interview sample consisted of European 

scientists, and therefore, scientists who live outside of Europe may not share their views. This 

can be because European policy-making regarding agricultural biotechnology has been 

generally seen as very restrictive. For this reason, follow up research could focus on 

interviewing more scientists from outside of Europe to gain a more complete picture. Third, 

the sample characteristics limitations also apply to our two online surveys where the majority 

of scientists who participated were also senior scientists.  Fourth, the second online survey 

had higher representation of American scientists than the first survey did. In order to examine 

regional differences in opinion, we conducted a Kruskal-Wallis test. The results confirmed that 

PRRI scientists who came from different continents had different strength of agreement with 

some of the statements but overall they all shared the same opinion regarding the different 

questions we asked.  The results from ISAAA indicated that scientists around the world have 

different perceptions regarding some questions of interests. For example, European scientists 

were the only group to agree that policy-making on biotechnology is mostly based on public 

preferences. In addition, African scientists were the only ones to indicate a clear disagreement 

with the statement that regulations in their countries support laboratory research on 

biotechnology. Yet, these results are only indicative and need further research due to the 

limited sample sizes available for the ISAAA study (3 African scientists and 23 European 

scientists). Finally, the majority of scientists who participated in this study were public sector 

scientists working at universities or public sector research institutes. Since policy-making 

debates are relevant to scientists who work for NGOs, Intergovernmental organizations and 

 

private sector including scientists from these organizations and institutes would enable to gain 

broader insights about their opinion regarding this important topic. Despite these limitations 

our findings provide a promising foundation for follow up research on this topic. We believe 

that despite of our focus on agricultural biotechnology, our study results can be relevant to 

other controversial policy fields, such as nanotechnology, biofuels and synthetic biology. 
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Abstract 

Advances in agricultural biotechnology and their possible impact on human and 

environmental safety have led to various policy and regulatory measures. These measures 

have been widely criticized for slowing down progress in this sector. Concerned scientists 

assert that regulatory frameworks that were intended to regulate research and market release 

of genetically modified crops provide inadequate reflection of available scientific knowledge, 

and therefore call for participation of scientists in regulatory debates. However, limited 

studies are available that focus on the motivation of scientists to take up such roles. This paper 

employs the theory of planned behaviour to identify scientists’ beliefs regarding engagement 

in policy-making. The results from literature and a small elicitation study are used to identify 

relevant beliefs regarding scientists’ policy engagement and are quantitatively assessed via an 

online survey. Using regression analysis we show that not only the positive attitude towards 

policy engagement but also the perceived access to funding, perceived institutional support 

and perceived approval of engagement by scientists’ superiors are significant in predicting 

scientists’ future motivation to be involved in policy. We therefore conclude that 

encouragement of scientists’ engagement in policy-making requires actions at the 

institutional level that focus, among others, on raising the awareness among scientists about 

their role in society in general, and their role in informing policy-making in particular.  

 

 

4 Which factors influence the motivation of 
agricultural biotechnology scientists to engage in 
policy-making? 

4.1 Introduction 

Growing controversies regarding the advancements in science and technology, such as genetic 

engineering, have generated intense debate among scholars about the appropriate role of 

scientists in policy-making (Maasen and Weingart 2005). Central to this has been a growing 

concern that the participatory character of current policy-making debates, with various 

stakeholders participating to express their concerns with policy proposals, tend to 

overshadow the role of scientific knowledge in policy-making (Gottweis 2008, Foote, 

Krogman, and Spence 2009b). Concerned scholars articulate that scientists should step down 

from the ‘ivory tower’ and get more actively engaged in policy-making in order to ensure 

proper integration of scientific knowledge in policy decisions (Weiss 1991a, Brussard and Tull 

2007, Scott, Rachlow, and Lackey 2008, Meyer et al. 2010, Brownson et al. 2006, De Greef 

2004b, van der Werf Kulichova, Flipse, and Osseweijer 2014, Steel et al. 2004). While there is 

ample evidence of an increased awareness that scientists should take a more active role in 

policy-making limited research is available about the motivation of scientists to actually take 

up this role. For exceptions see (Mathews, Kalfoglou, and Hudson 2005b), (Coumou et al. 

2014) and (Steel et al. 2004).   

The present study focuses on the role of scientists in policy-making regarding agricultural 

biotechnology. We choose the case of agricultural biotechnology since this policy field has 

been surrounded with a lot of controversy regarding scientific claims. Using the results from 

an online questionnaire that was distributed to scientists who have some experience with 

policy engagement this study attempts to identify several factors that may be critical for 

understanding the motivation of scientists towards policy engagement. Scientists can 

influence policy-making in various ways. Steel et al. 2004, articulate that scientists can 

participate in policy-making via direct interactions with policy makers and other policy 

stakeholders or via contribution of written comments on draft policy proposals (Steel, List, 

Lach, & Shindler, 2004). As such, stakeholders’ consultation forums and the online discussions 

regarding biosafety regulations may provide appropriate platforms for scientists’ policy 

engagement. In order to determine which of the identified factors are relevant for predicting 

scientists’ future motivation towards policy engagement, we focus on population of scientists 
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who are to different extents involved in policy-making. For this reason, we chose to study the 

case of the Public Research and Regulation Initiative (PRRI) as this organization’s mission is to 

facilitate engagement of public sector scientists in policy debates. The organization has 312 

members worldwide. Scientists who join PRRI are likely to be concerned about policy 

developments regarding agricultural biotechnology and therefore interested in influencing 

policy and regulatory climate.  Given the experience of PRRI scientists’ with policy 

engagement, PRRI provides an interesting case study to investigate the following questions: 

1) What are the critical factors for understanding scientists’ motivation towards policy 

engagement? 2) Which of these factors are significant in predicting the future motivation of 

scientists to engage in policy-making? Since members of PRRI come from different 

geographical locations focusing on this organization also provides an opportunity to examine 

whether the importance of identified factors differ among scientists worldwide. In addition, 

scientists who are members of PRRI are public sector scientists working at public sector 

research institutes and universities. Since these two institutions fulfill different roles in society 

they may also provide different institutional environments for policy engagement. Therefore, 

this study also attempts to generate insights into whether factors that can predict the 

motivation of scientists towards policy engagement differ between these two groups. 

The online questionnaire used in this study was guided by the theory of planned behavior 

(TPB) and available literature on scientists’ engagement in science outreach activities. 

Regression analysis was consequently used to evaluate which of the measured factors are 

significant in predicting the future motivation of scientists to engage in policy-making. The 

paper is organized as follows.  Section two of this paper presents the background information 

regarding agricultural biotechnology policy-making. Section three provides a detailed 

description of the methodology. Section four presents the main study findings. Finally, section 

five summarizes the main study findings (including a proposal for a conceptual framework that 

may guide the future studies on scientists’ motivation towards policy engagement) and 

concludes with practical implications and recommendations for future research. 

4.2 Background: The impact of regulations on agricultural 
biotechnology research and commercialization  

The applications of agricultural biotechnology are regulated nationally, supranationally and 

globally. The main regulatory objectives include 1) ensuring human and environmental safety, 

2) facilitating deployment of benefits from agricultural biotechnology in a standardized and 

 

timely manner and 3) ensuring consumer and farmers’ free choice (www.bch.cbd.int; 

www.ec.europa.eu). However, the regulatory standards that were agreed upon 

internationally have been criticized for not meeting some of their objectives. This critique 

mainly focused on the impact of regulations on facilitating deployment of social and economic 

benefits from agricultural biotechnology research (Ammann, 2014; Anderson, 2010; Cantley, 

2007; Dubock, 2014; Miller & Bradford, 2010; Strauss et al., 2010; Vigani & Olper, 2013). For 

example, a study by the International Food Policy Research Institute that documented the 

progress in public sector research in agricultural biotechnology worldwide found that strict 

regulatory standards were negatively influencing the ability of public sector research institutes 

to advance their research from laboratory conditions to field trials, a step which is necessary 

for market approval of new genetically modified (GM) crops (Atanassov et al., 2004). 

Furthermore, the studies focusing on the economic impact of regulations pointed out that 

regulatory procedures that lacked clear end points resulted in lengthy and costly approval 

procedures (Bayer, Norton, & Falck-Zepeda, 2010; Cohen, 2005; Dubock, 2014; Graff, 

Hochman, & Zilberman, 2009; Kalaitzandonakes, Alston, & Bradford, 2007; Matten, Head, & 

Quemada, 2008; Potrykus, 2010; Strauss et al., 2010). As a result only few publicly developed 

genetically modified crops are available on the market today while 46 successfully 

transformed GM crops events (developed by public sector research institutes worldwide) 

were already available in 2004 (Atanassov et al., 2004), reflecting the difficulties with 

regulatory compliance. 

Some scientists in the field of agricultural biotechnology feel that the ambiguity of 

regulatory approval procedures may be related to a low representation of public sector 

scientists in international regulatory debates and with that associated low impact of scientific 

knowledge on regulatory standards (De Greef, 2004; Strauss, Tan, Boerjan, & Sedjo, 2009). 

Studies that focused on the early negotiations under the Cartagena Protocol on Biosafety 

(CPB) and the European Directives and Regulations, pointed out that non-governmental 

organizations (NGOs) had a major influence on the regulatory outcomes (Arts & Mack, 2003; 

Bernauer & Meins, 2003). For example, Arts and Mack (2003) observed that during the early 

negotiations under the CPB, NGOs served as legal, scientific and political advisers especially 

to developing countries of which governmental representatives had only a limited knowledge 

and scientific capacity on biosafety issues (Arts & Mack, 2003). As a result, the CPB became 

more reflective of the environmental NGOs views and interests rather than of available 

scientific knowledge. Similarly, Bernauer and Meins (2003) documented the influence of the 

NGOs who were against GM crops on the EU GMO regulations. They showed that these ‘anti 
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GMOs’ NGOs influenced discussions either directly through approaching the members of the 

European Parliament and the European Commission but also indirectly through organization 

of public campaigns (Bernauer & Meins, 2003). The lack of integration of science into policy-

making decisions has been especially evident in the EU where approval and the use of GM 

crops by the EU member states has been arduous despite the lack of scientific evidence that 

GM crops are more dangerous to humans and the environment than their conventional 

counterparts (Hartung & Schiemann, 2014).  

4.3 Methodology 

4.3.1 Understanding scientists’ motivation to engage in regulatory debates 
regarding agricultural biotechnology: The theory of planned behaviour 

In order to understand which factors may be relevant for influencing scientists’ future 

motivation towards engagement in policy-making, this study builds on the theory of planned 

behaviour (TPB). This theory was proposed by (Ajzen 1985) and was proven to be valuable for 

understanding human’s motivation towards engagement in various kinds of behaviours 

(Armitage and Conner 2001). Central to the theory is the assumption that people’s intention 

to engage in a certain behaviour can be predicted by measuring three independent variables: 

Attitude towards the behaviour, Subjective norms and the Perceived behavioural control. It is 

also expected that the actual engagement in behaviour develops reasonably from intentions. 

The TPB postulates that attitude towards the behavior, subjective norms and perceived 

behavioral control are functions of beliefs that an individual has about the behavior in 

question. As such it is assumed that:  

Attitude towards the behavior can be measured by a set of behavioral beliefs one holds 

about the behavior (Ajzen, p191). These beliefs may be related to the general evaluation of 

the importance of engagement in a behavior, such as beliefs about the usefulness of 

engagement. In addition, moral norms have been identified and proven to be a useful 

measurement of attitude especially for behaviors with moral dimensions.  

Subjective norm can be measured by a set of normative beliefs one holds regarding social 

approval of his/her engagement in a behavior by important referent groups, such as friends, 

family and/or colleagues (Ajzen 1991). It is suggested that the more people feel that their 

social environment is supportive of their engagement the more likely they are to engage.  

 

Perceived behavioral control can be measured by a set of control beliefs regarding the 

difficulty or easiness of engaging in a behavior. It is assumed that the more people feel 

equipped with resources and the fewer obstacles they have to face, the more likely they are 

to engage. Figure 3 presents the graphical representation of the theory of planned behaviour. 

 

 

 

 

 

 

 

Figure 3 Graphical representation of the theory of planned behaviour (Adapted from Ajzen, 1991)  

 

4.3.2 Identifying scientists’ behavioural beliefs, normative beliefs and control 
beliefs regarding policy engagement 

In order to identify relevant behavioral beliefs, normative beliefs and control beliefs that may 

influence scientists’ attitude, subjective norms and perceived behavioral control, we 

conducted a literature review and a small elicitation study through interviews.  As described 

earlier, empirical studies focusing on the motivation of scientists to engage in policy-making 

are scarce today. For that reason, our literature review focused on empirical studies that 

investigated factors that influence scientists’ motivation to engage in science outreach 

activities, such as science communication with publics.  

Given that the available literature did not provide information on the specificity of 

engagement in policy we checked the relevance of identified factors/beliefs from literature 

within our population of scientists. Following the method proposed by Francis et al. (2004) we 

conducted a small elicitation study with 10 scientists who are members of the Public Research 

and Regulation Initiative. The elicitation study comprised of open-ended questions that 

helped us to uncover beliefs that influence the attitude of PRRI scientists towards policy 

engagement, their subjective norms and perceived behavioral control. First, in order to 

uncover the behavioral beliefs related to the attitude towards policy engagement we asked 

scientists to respond to the following open question: What do you believe are the reasons for 
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scientists to engage/not to engage in policy-making? Second, to identify normative beliefs 

related to the subjective norms we asked scientists to openly respond to this question: Are 

there any individuals or groups who support/not support your active engagement in policy-

making?  Finally, to identify beliefs regarding perceived behavioural control scientists 

responded to the following open-ended question: What factors or circumstances would make 

it easy/difficult for you to engage in policy-making regarding agricultural biotechnology? Using 

the results from the literature review and the elicitation study, we developed a questionnaire 

to assess PRRI scientists’ beliefs that motivate them or discourage them to engage in policy-

making.   

4.3.3 Data collection 

The online questionnaire was distributed to all members of PRRI together with a brief 

description of the research rationale. PRRI was established in 2004 with the objective to offer 

a forum for public sector scientists to be informed about and involved in international 

discussions about biosafety (www.prri.net). The members of PRRI are public sector scientists 

working in the field of agricultural biotechnology. Currently, PRRI has 312 members. The 

members of PRRI come from 79 countries and from 277 public sector research institutes or 

universities worldwide. The organization is governed by a steering committee and it is 

supported by a secretariat. The membership in PRRI is free of charge. Any scientist interested 

in information about policy developments or in participation in policy debates can join the 

organization provided he/she works at a public sector research institute or a university. 

Our decision to focus on this population of scientists was motivated by the following 

considerations. Many scientists who are members of PRRI have some experience with policy 

engagement, and therefore, were well-situated to directly answer questions about what 

obstacles they face when they want to engage in policy-making, how their social environment 

thinks about their engagement and why they think it is important to engage in policy-making. 

Furthermore, our study focused on public sector scientists since public sector scientists were 

identified as a trusted group by the public to communicate about biotechnology (Gaskell et al. 

2010, Tome, Navarro, and Aldemita 2014) and hence can be expected to be considered 

trustworthy by other stakeholders in policy-making. In addition, public sector scientists have 

different conditions for engagement in policy-making than private sector scientists do since 

private sector scientists may have to adhere to company interests. Therefore, for the purpose 

of this study aimed at factors that influence the motivation of scientists to participate in policy-

making, we restricted our sample to public sector scientists only. Focusing on this group 

 

enabled us to identify issues that need to be taken into consideration during the design of 

strategies for public sector scientists’ policy engagement. Finally, PRRI is an international 

organization with members from 79 countries. The case of PRRI enabled us to examine and 

compare perceptions of scientists who come from different geographical locations.  

152 Questionnaires were completed representing a 49% response rate. 11 Scientists did 

not complete the whole questionnaire and were excluded from some parts of our analysis. 

Table 9 provides some general characteristics about the sample that was used in the 

multivariate analysis.  

 

Table 9 Sample characteristics of PRRI members who participated in our survey (November 2013 and December 

2013, N=139)  

Gender Age (years) Employer Continents 
Male (77%) < 30 (3.7%) PRI (35.6%) South America (11.1%) 

Female (23%) 30 - 40 (11.0%) University (48.9%) North America (12.6%) 
 41 - 50 (28.9%) Other * (15.6%) Europe (40.0%) 
 51 - 60 (32.6%)  Africa (14.8%) 
 > 60 (23.7%)  Australia (1.5%) 
   Asia (20.0%) 

139 (100%) 139 (100%) 139 (100%) 139 (100%) 
Notes: * International governmental organizations, Self-employed, Retired 

 

4.3.4 Analytical approach  

The data analysis was carried out in three steps. Fist, we analyzed the available literature 

concerning the factors that influence motivation of scientists to engage in science outreach 

activities. This analysis was conducted using the Mindjet Mind manager Pro software. This 

software enabled us to map and code the reoccurring themes across all 11 papers in a 

coherent and transparent manner and by doing so it provided us with a clear picture of 

factors/beliefs that had positive vs. negative influence on scientists’ motivation to engage in 

science outreach activities.  

Second, building on the TPB we arranged the identified beliefs from the literature into 

variables that represented scientists’ attitude towards policy engagement, scientists’ 

subjective norms and perceived behavioral control.  

Third, after collecting the data via the online questionnaire we examined the descriptive 

statistics. Since our sample included scientists from different geographical locations that have 

different governance structures and different cultural values we carried out Kruskal-Wallis 
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scientists to engage/not to engage in policy-making? Second, to identify normative beliefs 

related to the subjective norms we asked scientists to openly respond to this question: Are 

there any individuals or groups who support/not support your active engagement in policy-

making?  Finally, to identify beliefs regarding perceived behavioural control scientists 

responded to the following open-ended question: What factors or circumstances would make 

it easy/difficult for you to engage in policy-making regarding agricultural biotechnology? Using 

the results from the literature review and the elicitation study, we developed a questionnaire 

to assess PRRI scientists’ beliefs that motivate them or discourage them to engage in policy-

making.   

4.3.3 Data collection 

The online questionnaire was distributed to all members of PRRI together with a brief 

description of the research rationale. PRRI was established in 2004 with the objective to offer 

a forum for public sector scientists to be informed about and involved in international 

discussions about biosafety (www.prri.net). The members of PRRI are public sector scientists 

working in the field of agricultural biotechnology. Currently, PRRI has 312 members. The 

members of PRRI come from 79 countries and from 277 public sector research institutes or 

universities worldwide. The organization is governed by a steering committee and it is 

supported by a secretariat. The membership in PRRI is free of charge. Any scientist interested 

in information about policy developments or in participation in policy debates can join the 

organization provided he/she works at a public sector research institute or a university. 

Our decision to focus on this population of scientists was motivated by the following 

considerations. Many scientists who are members of PRRI have some experience with policy 

engagement, and therefore, were well-situated to directly answer questions about what 

obstacles they face when they want to engage in policy-making, how their social environment 

thinks about their engagement and why they think it is important to engage in policy-making. 

Furthermore, our study focused on public sector scientists since public sector scientists were 

identified as a trusted group by the public to communicate about biotechnology (Gaskell et al. 

2010, Tome, Navarro, and Aldemita 2014) and hence can be expected to be considered 

trustworthy by other stakeholders in policy-making. In addition, public sector scientists have 

different conditions for engagement in policy-making than private sector scientists do since 

private sector scientists may have to adhere to company interests. Therefore, for the purpose 

of this study aimed at factors that influence the motivation of scientists to participate in policy-

making, we restricted our sample to public sector scientists only. Focusing on this group 

 

enabled us to identify issues that need to be taken into consideration during the design of 

strategies for public sector scientists’ policy engagement. Finally, PRRI is an international 

organization with members from 79 countries. The case of PRRI enabled us to examine and 

compare perceptions of scientists who come from different geographical locations.  

152 Questionnaires were completed representing a 49% response rate. 11 Scientists did 

not complete the whole questionnaire and were excluded from some parts of our analysis. 

Table 9 provides some general characteristics about the sample that was used in the 

multivariate analysis.  
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Male (77%) < 30 (3.7%) PRI (35.6%) South America (11.1%) 

Female (23%) 30 - 40 (11.0%) University (48.9%) North America (12.6%) 
 41 - 50 (28.9%) Other * (15.6%) Europe (40.0%) 
 51 - 60 (32.6%)  Africa (14.8%) 
 > 60 (23.7%)  Australia (1.5%) 
   Asia (20.0%) 

139 (100%) 139 (100%) 139 (100%) 139 (100%) 
Notes: * International governmental organizations, Self-employed, Retired 

 

4.3.4 Analytical approach  

The data analysis was carried out in three steps. Fist, we analyzed the available literature 

concerning the factors that influence motivation of scientists to engage in science outreach 

activities. This analysis was conducted using the Mindjet Mind manager Pro software. This 

software enabled us to map and code the reoccurring themes across all 11 papers in a 

coherent and transparent manner and by doing so it provided us with a clear picture of 

factors/beliefs that had positive vs. negative influence on scientists’ motivation to engage in 

science outreach activities.  

Second, building on the TPB we arranged the identified beliefs from the literature into 

variables that represented scientists’ attitude towards policy engagement, scientists’ 

subjective norms and perceived behavioral control.  

Third, after collecting the data via the online questionnaire we examined the descriptive 

statistics. Since our sample included scientists from different geographical locations that have 

different governance structures and different cultural values we carried out Kruskal-Wallis 



74

Chapter 4

 

tests to examine any significant differences in answers among groups of scientists coming 

from Europe, North America, South America, Asia and Africa. We were also interested to 

examine the differences in answers between scientists who work at public sector research 

institutes and those who work in academia. We considered universities as public sector 

institutes of which the main mission is to perform basic and applied research and education. 

The public sector research institutes were defined as institutes that are (co)funded by public 

resources with a larger focus on technology transfer and support for public policy (OECD 

2011). We speculated that these two public sector employers might provide different 

conditions for scientists’ policy engagement, and therefore the factors that influence 

scientists’ motivation towards policy engagement may differ between these two groups.  

Finally, in order to assess the influence of the identified factors on scientists’ future 

motivation regarding policy engagement we carried out regression analysis. We built the 

model based on the theoretical assumptions provided by the TPB. To account for geographical 

and employer differences described above we carried out three series of regression analyses. 

Australia was excluded from the geographical analysis since it only had two respondents. The 

first regression analysis included all scientists who participated in our study. The second model 

took into consideration geographical differences and the third model accounted for 

differences regarding the place of employment. The next section presents all results.  

4.4 Results 

4.4.1 Identification of beliefs influencing scientists’ attitude towards policy 
engagement  

A number of studies showed that scientists’ beliefs about their role in society influence their 

attitude towards engagement in science outreach activities.  Empirical findings further imply 

that scientists who believe that it is their role to communicate with the public are more likely 

to engage in science communication activities than scientists who do not feel that it is a part 

of their job to communicate (Jensen et al. 2008, Mathews, Kalfoglou, and Hudson 2005b, 

Besley, Oh, and Nisbet 2012, Dudo 2012). Therefore ‘beliefs about the role of scientists in 

policy-making’ may be relevant for influencing scientists’ attitude towards policy engagement. 

The results from the elicitation study indeed supported this. One scientist wrote: 

 

It is important for scientists to get involved in policy-making, as they are 

important stakeholders who understand often-complex technical issues 

(Respondent 8). 

The literature review further implied that scientists’ attitude towards engagement in 

science outreach activities might be influenced by scientists’ ‘beliefs about science 

misconceptions’ by publics. Some studies reported that scientists who considered the 

scientific literacy of the general public to be low had more positive attitude towards 

engagement in science communication activities (Andrews et al. 2005, Sturzenegger-

Varvayanis et al. 2008). The results from our elicitation study also showed that some scientists’ 

would engage in policy-making because they perceived the scientific literacy of policy makers 

to be low. One respondent reacted to the question “what are the reasons for scientists to 

engage in policy-making” as follows:  

Scientists understand technical issues that maybe important in policy-making 

and are not well understood by policy makers who may lack scientific training 

(Respondent 7).  

A third factor reported in the literature regarding scientists’ attitude towards engagement 

relates to ‘the sense of moral duty’ to engage. Mathews et al. (2005) found that scientists who 

participated in their study felt “[..] a sense of professional responsibility to share their 

knowledge for the betterment of society” (Mathews, Kalfoglou, and Hudson 2005b). Another 

respondent in the elicitation study reacted to the question what are the reasons for scientists 

to engage in policy-making as follows:  

The moral duty to share the benefits of agricultural biotechnology with the 

people who most need it: farmers and poor people in developing countries 

(Respondent 10). 

As discussed ealier, some regulations may have negative impact on the progress in 

agricultural biotechnology research and its implementation (Atanassov et al. 2004b, De Greef 

2004b, Hartung and Schiemann 2014, Tosun 2014, Bäck, Debus, and Tosun 2015, Twardowski 

and Małyska 2012). Therefore, scientists’ ‘beliefs about the possible impact of regulations on 

progress in the biotechnology sector’ may also influence scientists’ attitude towards policy 

engagement. One respondent from our elicitation study confirmed this as follow: 
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tests to examine any significant differences in answers among groups of scientists coming 

from Europe, North America, South America, Asia and Africa. We were also interested to 

examine the differences in answers between scientists who work at public sector research 

institutes and those who work in academia. We considered universities as public sector 

institutes of which the main mission is to perform basic and applied research and education. 

The public sector research institutes were defined as institutes that are (co)funded by public 

resources with a larger focus on technology transfer and support for public policy (OECD 

2011). We speculated that these two public sector employers might provide different 

conditions for scientists’ policy engagement, and therefore the factors that influence 

scientists’ motivation towards policy engagement may differ between these two groups.  

Finally, in order to assess the influence of the identified factors on scientists’ future 

motivation regarding policy engagement we carried out regression analysis. We built the 

model based on the theoretical assumptions provided by the TPB. To account for geographical 

and employer differences described above we carried out three series of regression analyses. 

Australia was excluded from the geographical analysis since it only had two respondents. The 

first regression analysis included all scientists who participated in our study. The second model 

took into consideration geographical differences and the third model accounted for 

differences regarding the place of employment. The next section presents all results.  

4.4 Results 

4.4.1 Identification of beliefs influencing scientists’ attitude towards policy 
engagement  

A number of studies showed that scientists’ beliefs about their role in society influence their 

attitude towards engagement in science outreach activities.  Empirical findings further imply 

that scientists who believe that it is their role to communicate with the public are more likely 

to engage in science communication activities than scientists who do not feel that it is a part 

of their job to communicate (Jensen et al. 2008, Mathews, Kalfoglou, and Hudson 2005b, 

Besley, Oh, and Nisbet 2012, Dudo 2012). Therefore ‘beliefs about the role of scientists in 

policy-making’ may be relevant for influencing scientists’ attitude towards policy engagement. 

The results from the elicitation study indeed supported this. One scientist wrote: 

 

It is important for scientists to get involved in policy-making, as they are 

important stakeholders who understand often-complex technical issues 

(Respondent 8). 

The literature review further implied that scientists’ attitude towards engagement in 

science outreach activities might be influenced by scientists’ ‘beliefs about science 

misconceptions’ by publics. Some studies reported that scientists who considered the 

scientific literacy of the general public to be low had more positive attitude towards 

engagement in science communication activities (Andrews et al. 2005, Sturzenegger-

Varvayanis et al. 2008). The results from our elicitation study also showed that some scientists’ 

would engage in policy-making because they perceived the scientific literacy of policy makers 

to be low. One respondent reacted to the question “what are the reasons for scientists to 

engage in policy-making” as follows:  

Scientists understand technical issues that maybe important in policy-making 

and are not well understood by policy makers who may lack scientific training 

(Respondent 7).  

A third factor reported in the literature regarding scientists’ attitude towards engagement 

relates to ‘the sense of moral duty’ to engage. Mathews et al. (2005) found that scientists who 

participated in their study felt “[..] a sense of professional responsibility to share their 

knowledge for the betterment of society” (Mathews, Kalfoglou, and Hudson 2005b). Another 

respondent in the elicitation study reacted to the question what are the reasons for scientists 

to engage in policy-making as follows:  

The moral duty to share the benefits of agricultural biotechnology with the 

people who most need it: farmers and poor people in developing countries 

(Respondent 10). 

As discussed ealier, some regulations may have negative impact on the progress in 

agricultural biotechnology research and its implementation (Atanassov et al. 2004b, De Greef 

2004b, Hartung and Schiemann 2014, Tosun 2014, Bäck, Debus, and Tosun 2015, Twardowski 

and Małyska 2012). Therefore, scientists’ ‘beliefs about the possible impact of regulations on 

progress in the biotechnology sector’ may also influence scientists’ attitude towards policy 

engagement. One respondent from our elicitation study confirmed this as follow: 
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Policy-making is nowadays a major obstacle preventing deployment of 

agricultural biotechnology. If laws would be sensible I would stay far away from 

policy makers (Respondent 10). 

Finally, intrinsic motivation may also play a role in influencing scientists’ attitude towards 

engagement (Ajzen, 2002; Ryan & Deci, 2000). Available empirical results indeed confirm that 

intrinsic motives, such as the feeling of personal satisfaction do influence scientists’ decision 

to engage in science outreach activities (Dudo 2012, Lam 2011, Jensen et al. 2008, Martín-

Sempere, Garzón-García, and Rey-Rocha 2008, Poliakoff and Webb 2007, Sturzenegger-

Varvayanis et al. 2008). The factors we identified from the literature study and that were 

confirmed in our elicitation study were assessed through statements in the online survey that 

was successfully completed by 139 scientists.  

4.4.2 Results from the survey on beliefs influencing scientists’ attitude towards 
policy engagement 

To assess the identified attitude related beliefs regarding policy engagement we asked 

scientists to indicate agreement or disagreement with 11 statements that were responded on 

a five point Likert scale ranging from strongly agree (5) to strongly disagree (1). We grouped 

the respondents per continent and examined the differences between continents by 

conducting a Kruskal-Wallis test. Our results indicate that while the respondents seem to 

agree on the negative impact of regulations on the research progress in agricultural 

biotechnology, they are divided on questions regarding the role of scientists in policy-making, 

scientists’ moral duties in society, perceived scientific literacy of policy makers and some of 

the intrinsic value aspects from policy engagement.  Table 10 provides a detailed overview of 

results taking the continental differences into account. For example, our results indicate that 

Europeans and North Americans agree the least that the engagement in policy-making is 

pleasant and personally rewarding. Next, we were interested whether there are significant 

differences in answers between scientists who work in academia and those who work at public 

sector research institutes. The results from Kruskal-Wallis did not confirm that there are any 

significant differences.  
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Policy-making is nowadays a major obstacle preventing deployment of 

agricultural biotechnology. If laws would be sensible I would stay far away from 

policy makers (Respondent 10). 

Finally, intrinsic motivation may also play a role in influencing scientists’ attitude towards 

engagement (Ajzen, 2002; Ryan & Deci, 2000). Available empirical results indeed confirm that 

intrinsic motives, such as the feeling of personal satisfaction do influence scientists’ decision 

to engage in science outreach activities (Dudo 2012, Lam 2011, Jensen et al. 2008, Martín-

Sempere, Garzón-García, and Rey-Rocha 2008, Poliakoff and Webb 2007, Sturzenegger-

Varvayanis et al. 2008). The factors we identified from the literature study and that were 

confirmed in our elicitation study were assessed through statements in the online survey that 

was successfully completed by 139 scientists.  

4.4.2 Results from the survey on beliefs influencing scientists’ attitude towards 
policy engagement 

To assess the identified attitude related beliefs regarding policy engagement we asked 

scientists to indicate agreement or disagreement with 11 statements that were responded on 

a five point Likert scale ranging from strongly agree (5) to strongly disagree (1). We grouped 

the respondents per continent and examined the differences between continents by 

conducting a Kruskal-Wallis test. Our results indicate that while the respondents seem to 

agree on the negative impact of regulations on the research progress in agricultural 

biotechnology, they are divided on questions regarding the role of scientists in policy-making, 

scientists’ moral duties in society, perceived scientific literacy of policy makers and some of 

the intrinsic value aspects from policy engagement.  Table 10 provides a detailed overview of 

results taking the continental differences into account. For example, our results indicate that 

Europeans and North Americans agree the least that the engagement in policy-making is 

pleasant and personally rewarding. Next, we were interested whether there are significant 

differences in answers between scientists who work in academia and those who work at public 

sector research institutes. The results from Kruskal-Wallis did not confirm that there are any 

significant differences.  
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4.4.3 Identification and results regarding beliefs influencing scientists’ 
subjective norms 

In line with the theoretical proposition by the TPB, our results from the literature review 

indicate that subjective norms may be also an important determinant of scientists’ motivation 

to engage in regulatory debates.  Francis et al. (2004) recommend that subjective norms can 

be measured by general statements that ask people to assess the ‘beliefs about approval of 

engagement by most important referent groups’. Martin-Sempere et al. (2008) report that 

‘beliefs about approval of engagement by colleagues’ are relevant for understanding 

scientists’ subjective norms regarding engagement in science outreach activities (Martín-

Sempere, Garzón-García, and Rey-Rocha 2008). Other beliefs regarding subjective norms 

reported in the literature include ‘beliefs about the approval of engagement by friends and 

family’ (Poliakoff and Webb 2007). One of the participants of our elicitation study also noted: 

Many colleagues who devote most of their time to research and teaching 

recognize that also public outreach and involvement in policy-making are 

important (Respondent 10). 

 
Table 11 Subjective norms related beliefs of PRRI members regarding their engagement in policy-making 

(November 2013 and December 2013, N=139) 

  

All scientists 
(N=139) 

M SD 
1.    Most people who are important to me think I should engage in policy 3.47 .83 
2.    My friends and family approve of my policy engagement 3.58 .76 
3.    My boss supports my policy engagement 3.17 1.06 
4.    My colleagues think that I should engage 3.53 .80 
5.    I feel that my institute wants me to engage in policy-making 3.30 .85 

Notes: Response scale: Strongly agree (5) – Strongly disagree (1),  
M=Mean value, SD=Standard deviation 

 

Table 11 provides an overview of statements that were used to assess scientists‘ 

subjective norms. The general results indicate that scientists tend to feel moderately 

supported in their policy engagement by friends, family, colleagues, their boss and the 

institute they work at. To check whether there are any differences in answers among 

scientists who come from different geographical locations we conducted a Kruskal-Wallis test. 

 

This test did not confirm any significant differences. Next, we also tested whether differences 

in answers occur between scientists who work at the public sector research institutes and 

those who work at the universities. The Kruskal-Wallis test indicates that there are no 

significant differences.  

4.4.4 Identification and results regarding beliefs influencing scientists’ perceived 
behavioural control 

The TPB implies that control beliefs may be relevant for understanding of scientists’ perceived 

behavioral control regarding policy engagement. Our literature review and the elicitation 

study revealed a number of control beliefs that may be relevant. Time constraints were 

reported to be the most limiting factor to scientists’ engagement in science outreach activities 

(Mathews, Kalfoglou, and Hudson 2005b, Sturzenegger-Varvayanis et al. 2008, Andrews et al. 

2005). Many scientists feel that they do not have enough time to engage in non-research 

related activities and that they do not feel institutionally supported to do so. Some scientists 

also refer to the lack of funding to engage. Therefore, ‘control beliefs about time availability’; 

‘control beliefs about available funding’ and ‘control beliefs about institutional support’ may 

be important determinants of scientists’ perceived behavioral control for policy engagement. 

Concerns about the lack of time, the lack of institutional support and the lack of funding were 

also articulated in the elicitation study amongst agricultural biotechnologists. One participant 

responded to the question: “What factors would make it difficult for you to engage in policy-

making regarding biotechnology” as follows: 

Lack of time and lack of financial resources. My university needs to see benefits 

(financial or otherwise) in my engagement (Respondent 6). 

Another respondent replied to the question “What factors would enable you to engage in 

policy-making regarding agricultural biotechnology” as follows:  

Some support/funding from the university and the recognition that also this 

activity is useful to society, though I perfectly understand it is not easy to quantify 

(Respondent 10). 

The lack of communication skills was also shown to influence scientists’ decision whether 

or not to engage in science outreach activities (Poliakoff and Webb 2007). Therefore, 

scientists’ ‘beliefs about their communication skills’ may influence their assessment regarding 
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institute they work at. To check whether there are any differences in answers among 
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This test did not confirm any significant differences. Next, we also tested whether differences 

in answers occur between scientists who work at the public sector research institutes and 

those who work at the universities. The Kruskal-Wallis test indicates that there are no 

significant differences.  

4.4.4 Identification and results regarding beliefs influencing scientists’ perceived 
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The TPB implies that control beliefs may be relevant for understanding of scientists’ perceived 

behavioral control regarding policy engagement. Our literature review and the elicitation 

study revealed a number of control beliefs that may be relevant. Time constraints were 

reported to be the most limiting factor to scientists’ engagement in science outreach activities 
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2005). Many scientists feel that they do not have enough time to engage in non-research 

related activities and that they do not feel institutionally supported to do so. Some scientists 

also refer to the lack of funding to engage. Therefore, ‘control beliefs about time availability’; 

‘control beliefs about available funding’ and ‘control beliefs about institutional support’ may 

be important determinants of scientists’ perceived behavioral control for policy engagement. 

Concerns about the lack of time, the lack of institutional support and the lack of funding were 

also articulated in the elicitation study amongst agricultural biotechnologists. One participant 

responded to the question: “What factors would make it difficult for you to engage in policy-

making regarding biotechnology” as follows: 

Lack of time and lack of financial resources. My university needs to see benefits 

(financial or otherwise) in my engagement (Respondent 6). 

Another respondent replied to the question “What factors would enable you to engage in 

policy-making regarding agricultural biotechnology” as follows:  

Some support/funding from the university and the recognition that also this 

activity is useful to society, though I perfectly understand it is not easy to quantify 

(Respondent 10). 

The lack of communication skills was also shown to influence scientists’ decision whether 

or not to engage in science outreach activities (Poliakoff and Webb 2007). Therefore, 

scientists’ ‘beliefs about their communication skills’ may influence their assessment regarding 
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perceived behavioral control. The results from the elicitation study also show that 

communication skills are important for policy engagement. One respondent noted:  

I personally believe the critical factor for successful engagement of scientists in 

policy-making is communication competence. Only scientists with proper 

training and experience, and most importantly, the right personality, should be 

involved in such activities (Respondent 5). 

In order to assess scientists’ perceived behavioural control we asked the PRRI members 

to respond to six statements (Table 12 and 13). The general results indicate that most 

scientists who participated in our study are inclined to agree that they lack funding and time 

to engage in policy-making. The answers to the question assessing the time allowance for 

engagement provided by the employer imply that scientists feel moderately supported by 

their employer. To examine whether there are any significant differences in answers among 

scientists who come from different geographical regions the Kruskal-Wallis test was carried 

out. The results indicate that there are no significant differences in answers about funding, 

time and perceived institutional support among scientists from different geographical 

locations.  

However, the results concerning the perceived level of communication skills differ 

significantly among scientists from different geographical locations (results from the Kruskal-

Wallis test). The results indicate that while North American scientists feel most confident in 

their communication skills, African and Asian scientists have the least confidence in their 

communication skills. Results presented in Table 13 also indicate that both Asian and African 

scientists generally agree that the lack of communication skills prevents them from policy 

engagement.  

 

Table 12 Perceived behavioural control related beliefs of PRRI members regarding their engagement in policy-

making (November 2013 and December 2013, N=139) 

  

All scientists  
(N=139) 

M SD 
1.    Engagement in policy-making requires funding. 2.31 .99 
2.    I feel that I lack funds to engage in policy-making.  2.61 1.00 
3.    I do not have enough time to engage in policy-making. 2.86 1.05 
4.    My employer does not provide me with a time allowance to engage. 3.13 1.02 

Notes: Response scale: Strongly agree (1) – Strongly disagree (5), M=Mean value, SD=Standard deviation 

 

 

Table 13 Beliefs related to communication skills among European, North American, South American, Asian and 

African PRRI members (November 2013 and December 2013, N=given in brackets per continent)  

 

Europe 
(54) 

North 
America 

(17)  

South 
America 

(15) 

Asia      
(27) 

Africa 
(20) 

M SD M SD M SD M SD M SD 
I feel I lack the necessary 
communication skills to 
engage 

3.63 .88 4.18 .65 3.93 .80 3.03 .76 2.95 1.00 

The lack of communication 
skills prevents me from 
engagement 

3.85 .83 4.18 .64 3.60 .99 2.85 .91 2.95 1.15 

Notes: Response scale: Strongly agree (1) – Strongly disagree (5),  
M=Mean value, SD=Standard deviation 

 

4.4.5 Which of the identified factors can predict scientists’ future motivation to 
engage in policy-making regarding agricultural biotechnology? 

In order to examine which of the factors proposed by the TPB (Attitude, Subjective norms, 

Perceived behavioural control) influence the future motivation of scientists to engage in 

policy-making we examined a series of regression equations.  First, we tested a model that 

included all scientists who participated in our study. Second, we tested a model that took into 

account regional differences. Finally, we tested a model that differentiated between scientists 

who work at public sector research institutes and those who work at universities based on the 

assumption that these groups of scientists may have different conditions for engagement in 

policy-making. Prior to the regression analysis, we examined the internal consistency of the 

measured variables.  

Attitude towards policy engagement was measured by four statements, which attempted 

to measure the perceived usefulness of engagement in policy-making and the perceived 

intrinsic value from policy engagement. In addition to these generally used statements to 

assess attitude towards policy engagement (Francis et al. 2004), we also included two 

statements that measured scientists’ perceptions about their role in policy-making. 

Statements 1,2,8,9,11 presented in Table 10 (p. 77) were used to measure attitude 

(Cronbach’s alfa = .610, M=3.99, SD=.495). These statements were responded on a five point 

Likert scale ranging from Strongly agree (5) to Strongly disagree (1). Literature recommends 

that inclusion of moral norms, as an additional predictor of motivation may be important 

when engagement in the behavior of interests has a moral dimension (Armitage and Conner 

2001). Pielke (2007) also suggests that scientists may have different views about their moral 
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included all scientists who participated in our study. Second, we tested a model that took into 

account regional differences. Finally, we tested a model that differentiated between scientists 

who work at public sector research institutes and those who work at universities based on the 
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policy-making. Prior to the regression analysis, we examined the internal consistency of the 
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Attitude towards policy engagement was measured by four statements, which attempted 

to measure the perceived usefulness of engagement in policy-making and the perceived 

intrinsic value from policy engagement. In addition to these generally used statements to 

assess attitude towards policy engagement (Francis et al. 2004), we also included two 

statements that measured scientists’ perceptions about their role in policy-making. 
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when engagement in the behavior of interests has a moral dimension (Armitage and Conner 

2001). Pielke (2007) also suggests that scientists may have different views about their moral 
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duties in society and that these views may influence their attitude towards policy engagement 

and consequently their motivation to engage. Therefore, we included an extra variable that 

measured scientists’ perception about their moral duties in society. Statements 3 and 4 

presented in Table 10 (p. 77) were used to measure scientists’ perceived moral duties (r= .273, 

p=.000, M=.425, SD=.652). Our results from the elicitation study also indicated that the 

perceptions about scientific literacy of policy makers might be relevant. Therefore, we also 

included a variable measuring the perceived scientific literacy of policy makers. This variable 

was measured by two statements presented in Table 10 (p. 77) (Statements 6 and 7, r=.50, 

=.000, M=4.37, SD=.67) 

Statements assessing the subjective norms. In order to assess whether scientists’ social 

environment was supportive or not supportive of their engagement we asked our 

respondents to assess five statements concerning approval of their policy engagement by 

friends, family, colleagues and their employer. Statements 1,2,3,4,5, presented in Table 11 (p. 

78) were used (Cronbach’s alfa=.772, M=3.450, SD=.573). These statements were responded 

on five point Likert scale ranging from Strongly agree (5) to Strongly disagree (1). 

Statements assessing the perceived behavioral control. To assess scientists’ perceived 

behavioral control we asked them to respond to four control beliefs statements measuring 

perceived time and funds availability and perceived institutional support.  Statements 1,2,3,4 

presented in Table 12 (p. 80) were used in the analysis (Cronbach’s alfa=.714, M=.270, 

SD=.743). Our literature review revealed that perceived level of communication skills might 

be also relevant for understanding scientists’ perceived behavior control. Statements 

presented in Table 13 (p.81) were used in the analysis (r=.718, p=.000, M=3.537, SD=.887). 

These statements were responded on a five point Likert scale ranging from Strongly agree (1) 

to Strongly disagree (5), reverse coded. 

Statement assessing scientists’ motivation to engage in policy-making. In order to assess 

scientists’ motivation to engage in policy-making in the future we asked them to respond to 

one statement that was assessed on a five point Likert scale ranging from strongly agree (5) 

to strongly disagree (1). This statement read as follows: “I want to actively engage in policy-

making regarding agricultural biotechnology in the forthcoming year”. This variable 

represented the depended variable in our regression analysis. 

 

4.4.6 General model for predicting scientists’ future motivation towards policy 
engagement 

Table 14 presents the means, standard deviations and correlations between studied variables. 

Overall, scientists had a positive attitude towards policy engagement, believed that their 

social environment was supportive of their policy participation, and agreed that scientific 

literacy of policy-making was rather low and generally felt that they had the necessary 

communication skills for policy engagement. Largely, agricultural biotechnologists also agreed 

that it was their moral duty to contribute to societal well-being and that engagement in policy-

making provided them with the opportunity to do so. However, these scientists did not feel 

that they had enough time, funding and institutional support from their employer for policy 

engagement. Overall, scientists had a moderate motivation to engage in policy-making in the 

forthcoming year. 

Results regarding the correlations between the studied variables (Table 14) show that 

Motivation has a moderate positive correlation with Attitude (r=.45) and Subjective norms 

(r=.35) and weak positive correlation with Perceived behavioural control (r=.16), 

Communication skills (r=.15) and Moral duty (r=.21). The results further indicate that Attitude 

has a moderate positive correlation with Subjective norms (r=.33) and Moral duty (r=.36). 

Finally, Perceived behavioural control has a moderate positive correlation with Subjective 

norms (r=.22) and moderate negative correlation with Scientific literacy of policy makers        

(r=-.28). The negative correlation between variables measuring the Perceived scientific 

literacy of policy makers and Perceived behavioural control implies that the more scientists 

agree that scientific literacy of policy makers is low the lower assessment of perceived 

behavioural control they have. This perhaps indicates that scientists feel that the low scientific 

literacy of policy makers necessitates availability of more time and funds than they currently 

have at their disposal.  
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Next, in order to understand the influence of studied variables on the scientists’ future 

motivation to engage in policy-making a stepwise regression was used.  The independent 

variables were entered in two blocks. In the first step, the independent variables proposed by 

the TPB (Attitude, Subjective norm, Perceived behavioural control) were entered. In step two, 

the variables measuring the perceived level of communication skills, the perceived moral 

duties and perceived scientific literacy of policy makers were entered.  

At step one, the predictors proposed by the TPB were all significant in predicting scientists’ 

future motivation to engage in policy-making. The model was significant at .000 confidence 

level interval and accounted for 30 % of variance in PRRI scientist’s expressed future 

motivation towards policy engagement. Scientists’ attitude towards policy engagement had 

the largest positive influence on scientists’ future motivation (=.394, p<.001), followed by 

Subjective norms (=.191, p<.05) and Perceived behavioural control (=.127, p<.1). The 

results are presented in Table 15. 

 

Table 15 General results from the regression analysis regarding the motivation of PRRI members towards policy 

engagement  

Step Variables        B SE B      β 
1 (Constant) -.282 .604  

 Attitude towards engagement   .695 .139 .394*** 
 Subjective norm    .288 .121 .191**                     
 Perceived behavioural control   .146 .087 .127*  
 R2 = .265    
 F = 16.209***    
 N = 139    
     

2 (Constant) -.908 .819  
 Attitude towards engagement   .635 .149 .360*** 
 Subjective norm    .276 .122 .183**                      
 Perceived behavioural control   .165 .091 .143* 
 Communication skills   .067 .073 .070               
 Moral duty   .081 .109 .060 
 Scientific literacy policy makers   .061 .103 .047 
 R2 = .274    
 F = 8.305***    
 N = 139    

*p<0.1,  **p<0.05,  ***p<0.001 
B = unstandardized beta coefficient, SE B = standard error of beta, β = standardized beta coefficient  
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Next, in order to understand the influence of studied variables on the scientists’ future 

motivation to engage in policy-making a stepwise regression was used.  The independent 

variables were entered in two blocks. In the first step, the independent variables proposed by 

the TPB (Attitude, Subjective norm, Perceived behavioural control) were entered. In step two, 

the variables measuring the perceived level of communication skills, the perceived moral 

duties and perceived scientific literacy of policy makers were entered.  

At step one, the predictors proposed by the TPB were all significant in predicting scientists’ 

future motivation to engage in policy-making. The model was significant at .000 confidence 

level interval and accounted for 30 % of variance in PRRI scientist’s expressed future 

motivation towards policy engagement. Scientists’ attitude towards policy engagement had 

the largest positive influence on scientists’ future motivation (=.394, p<.001), followed by 

Subjective norms (=.191, p<.05) and Perceived behavioural control (=.127, p<.1). The 

results are presented in Table 15. 

 

Table 15 General results from the regression analysis regarding the motivation of PRRI members towards policy 

engagement  

Step Variables        B SE B      β 
1 (Constant) -.282 .604  

 Attitude towards engagement   .695 .139 .394*** 
 Subjective norm    .288 .121 .191**                     
 Perceived behavioural control   .146 .087 .127*  
 R2 = .265    
 F = 16.209***    
 N = 139    
     

2 (Constant) -.908 .819  
 Attitude towards engagement   .635 .149 .360*** 
 Subjective norm    .276 .122 .183**                      
 Perceived behavioural control   .165 .091 .143* 
 Communication skills   .067 .073 .070               
 Moral duty   .081 .109 .060 
 Scientific literacy policy makers   .061 .103 .047 
 R2 = .274    
 F = 8.305***    
 N = 139    

*p<0.1,  **p<0.05,  ***p<0.001 
B = unstandardized beta coefficient, SE B = standard error of beta, β = standardized beta coefficient  
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At step two, additional independent variables (scientists’ perceptions regarding their 

moral duties, scientific literacy of policy makers and their communication skills) were entered. 

Although these variables had a weak correlation with motivation their addition did not prove 

to be significant in predicting scientists’ future motivation towards policy engagement. Table 

15 presents the results. 

4.4.7 Influence of geographical location on predicting scientists’ motivation 
towards policy engagement  

Since our sample included agricultural biotechnology scientists who came from different 

geographical locations, next we examined whether there were any difference between 

continents. Table 16 presents the descriptive statistics of all studied variables among 

European, North American, South American, Asian and African scientists. The Kruskal-Wallis 

test indicates that attitude differs significantly at least at one geographical location. The 

results presented in Table 16 indicate that European scientists have the lowest attitude 

towards policy engagement.  

 
Table 16 Descriptive statistics of variables per continent that were used to predict the motivation of PRRI 

members towards policy engagement (November 2013 and December 2013, N=provided per continent in brackets) 

  

Attitude Subjective 
norms 

Perceived 
behavioural 

control 

Moral 
duty 

Scientific 
literacy 

Com. 
skills 

M SD M SD M SD M SD M SD M SD 
Europe (54) 3.78 .52 3.35 .53 2.70 1.13 4.10 .68 4.33 .71 3.74 .78 
North America (17) 4.17 .44 3.37 .54 2.78 .77 4.14 .61 4.50 .69 4.17 .56 
South America (15) 4.19 .48 3.37 .54 2.78 .77 4.40 .63 4.60 .47 3.77 .80 
Asia (27) 4.10 .41 3.53 .46 2.58 .55 4.56 .45 4.39 .66 2.95 .74 
Africa (20) 4.17 .41 3.45 .77 2.81 .59 4.35 .67 4.55 .56 2.95 1.02 

Notes: M=Mean, SD= Standard deviation 

 

Next, we carried out regression analysis to examine whether the influence of TPB 

predictors on motivation differs in different geographical locations. The results presented in 

Table 17 show that the attitude towards policy engagement has the largest positive influence 

on the motivation of European (N=54, =.408, p<.05) and South American scientists (N=15, 

=.726, p<.05) while Subjective norms have the largest positive influence on the motivation 

of African (N=20, =.707, p<.05) and Asian scientists (N=27, =.417, p<.05). The motivation of 

North American scientists is influenced by attitude towards policy engagement (=.519, 

p<.05) and their Perceived behavioural control (=.419, p<.1). Next, we tested whether the 

 

variables measuring perceived scientific literacy of policy makers, moral duty and 

communication skills were significant in influencing the motivation of scientists in different 

regions. Our results indicate that while none of these variables is significant for predicting 

motivation of European, South American, North American and African scientists, the measure 

regarding scientific literacy of policy makers has a positive influence on the motivation of Asian 

scientists towards policy engagement (=.350, p=0.058). Our analysis further indicates that 

none of the additional variables is significant when employer differences are taken into 

account. 

4.4.8 Predicting scientists’ motivation towards policy engagement: Public sector 
research institutes versus Universities 

Since our sample mostly included scientists who work at Public sector research Institutes (PRI) 

(N = 48) and Universities (N =66), we wanted to examine whether there are any significant 

differences between these two groups regarding motivational factors. To examine any 

potential differences, we conducted regression analysis of which results are presented in 

Table 18. The results indicate that while motivation of scientists working at a PRI is mostly 

influenced by perceived behavioural control (=.318, p<.05) the motivation of scientists 

working at universities is mostly influenced by their attitude towards policy engagement 

(=.318, p<.05) and their evaluation of subjective norms. The variables that measured ‘moral 

norms’, ‘scientific literacy of policy makers’and ‘communication skills’ did not prove significant 

in predicting the future motivation of these two groups of scientists.  
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Next, we carried out regression analysis to examine whether the influence of TPB 

predictors on motivation differs in different geographical locations. The results presented in 

Table 17 show that the attitude towards policy engagement has the largest positive influence 

on the motivation of European (N=54, =.408, p<.05) and South American scientists (N=15, 

=.726, p<.05) while Subjective norms have the largest positive influence on the motivation 

of African (N=20, =.707, p<.05) and Asian scientists (N=27, =.417, p<.05). The motivation of 

North American scientists is influenced by attitude towards policy engagement (=.519, 

p<.05) and their Perceived behavioural control (=.419, p<.1). Next, we tested whether the 

 

variables measuring perceived scientific literacy of policy makers, moral duty and 

communication skills were significant in influencing the motivation of scientists in different 

regions. Our results indicate that while none of these variables is significant for predicting 

motivation of European, South American, North American and African scientists, the measure 

regarding scientific literacy of policy makers has a positive influence on the motivation of Asian 

scientists towards policy engagement (=.350, p=0.058). Our analysis further indicates that 

none of the additional variables is significant when employer differences are taken into 

account. 

4.4.8 Predicting scientists’ motivation towards policy engagement: Public sector 
research institutes versus Universities 

Since our sample mostly included scientists who work at Public sector research Institutes (PRI) 

(N = 48) and Universities (N =66), we wanted to examine whether there are any significant 

differences between these two groups regarding motivational factors. To examine any 

potential differences, we conducted regression analysis of which results are presented in 

Table 18. The results indicate that while motivation of scientists working at a PRI is mostly 

influenced by perceived behavioural control (=.318, p<.05) the motivation of scientists 

working at universities is mostly influenced by their attitude towards policy engagement 

(=.318, p<.05) and their evaluation of subjective norms. The variables that measured ‘moral 

norms’, ‘scientific literacy of policy makers’and ‘communication skills’ did not prove significant 

in predicting the future motivation of these two groups of scientists.  
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Table 17 Results from the regression analysis regarding the motivation of PRRI members towards policy 

engagement per continent  

Continent Variables        B SE B       β 
Europe (Constant)   -.027   .916  
 Attitude towards engagement    .695   .232  .408** 
 Subjective norm     .124   .238  .074**                     
 Perceived behavioural control    .247   .151  .211                  
 R2 = .256    
 F = 5.749**    
  N = 54       
North America (Constant)    .298 1.513  
 Attitude towards engagement    .852   .355  .519** 
 Subjective norm    -.109   .240 -.106                   
 Perceived behavioural control    .271   .147  .419* 
 R2 = .428    
 F = 3.246*    
  N = 17       
South America (Constant) -5.441 3.214  
 Attitude towards engagement  1.958   .604  .726** 
 Subjective norm     .185   .541  .078                      
 Perceived behavioural control    .246   .398  .148 
 R2 = .501    
 F = 3.674**    
  N = 15       
Asia (Constant) -.122 1.334  
 Attitude towards engagement   .430   .604  .285 
 Subjective norm    .565   .541  .417**                      
 Perceived behavioural control   .146   .398  .129 
 R2 = .315    
 F = 3.524**    
  N = 27       
Africa (Constant) 3.327 1.983  
 Attitude towards engagement  -.524   .428 -.250 
 Subjective norm    .788   .223  .707**                      
 Perceived behavioural control   .014   .280  .010 
 R2 = .339    
 F = 4.243**    
  N = 20       

*p<0.1.  **p<0.05.  ***p<0.001 
B = unstandardized beta coefficient, SE B = standard error of beta, β = standardized beta coefficient 
  

 

 

Table 18 Results from the regression analysis regarding the motivation of PRRI members towards policy 

engagement per employer 

Employer Variables        B   SE B    β 
PRI (Constant) 2.358 1.135  
 Attitude towards engagement  -.060   .300 .031 
 Subjective norm    .275   .217 .201      
 Perceived behavioural control   .305   .138 .318**  
 R2 = .172    
 F = 3.056**    
 N = 48    
     
University (Constant) -1.015 .828  
 Attitude towards engagement     .754 .181  .444*** 
 Subjective norm      .497 .179  .298**                      
 Perceived behavioural control     .044 .130  .034 
 R2 = .386    
 F = 12.977***    
  N = 66       

*p<0.1.  **p<0.05.  ***p<0.001 
B = unstandardized beta coefficient, SE B = standard error of beta, β = standardized beta coefficient 
 

4.5 Conclusions and Discussion 

Policy fields that are characterized with low value consensus and a high level of political 

uncertainty, such as that of agricultural biotechnology, would seem to call for more active 

engagement of scientists as stakeholders in policy debates in order to ensure that scientific 

knowledge is adequately reflected in policy outcomes. However, little is known about why 

scientists do not engage more actively and in larger numbers in policy debates, particularly 

given the limited empirical work that has been carried out on this topic. Our study provides 

first insights into understanding of the motivations among scientists who have an experience 

with engagement in policy-making regarding agricultural biotechnology. Measuring the 

perceptions of an international group of scientists, 1) we identified the critical beliefs/factors 

that may be relevant for understanding of scientists’ motivation towards policy engagement 

and 2) assessed their significance in influencing the future motivation of scientists towards 

policy engagement. In this section, we discuss our results and propose directions for future 

research. 

Using the theory of planned behaviour and the results from literature review and an 

elicitation study we found that indeed the agricultural biotechnology scientists’ motivation to 

engage in policy-making may be influenced by a complex mix of beliefs related to their 



89

4

Which factors influence the motivation of scientists to engage in policy-making?

 

 

Table 17 Results from the regression analysis regarding the motivation of PRRI members towards policy 

engagement per continent  

Continent Variables        B SE B       β 
Europe (Constant)   -.027   .916  
 Attitude towards engagement    .695   .232  .408** 
 Subjective norm     .124   .238  .074**                     
 Perceived behavioural control    .247   .151  .211                  
 R2 = .256    
 F = 5.749**    
  N = 54       
North America (Constant)    .298 1.513  
 Attitude towards engagement    .852   .355  .519** 
 Subjective norm    -.109   .240 -.106                   
 Perceived behavioural control    .271   .147  .419* 
 R2 = .428    
 F = 3.246*    
  N = 17       
South America (Constant) -5.441 3.214  
 Attitude towards engagement  1.958   .604  .726** 
 Subjective norm     .185   .541  .078                      
 Perceived behavioural control    .246   .398  .148 
 R2 = .501    
 F = 3.674**    
  N = 15       
Asia (Constant) -.122 1.334  
 Attitude towards engagement   .430   .604  .285 
 Subjective norm    .565   .541  .417**                      
 Perceived behavioural control   .146   .398  .129 
 R2 = .315    
 F = 3.524**    
  N = 27       
Africa (Constant) 3.327 1.983  
 Attitude towards engagement  -.524   .428 -.250 
 Subjective norm    .788   .223  .707**                      
 Perceived behavioural control   .014   .280  .010 
 R2 = .339    
 F = 4.243**    
  N = 20       

*p<0.1.  **p<0.05.  ***p<0.001 
B = unstandardized beta coefficient, SE B = standard error of beta, β = standardized beta coefficient 
  

 

 

Table 18 Results from the regression analysis regarding the motivation of PRRI members towards policy 

engagement per employer 

Employer Variables        B   SE B    β 
PRI (Constant) 2.358 1.135  
 Attitude towards engagement  -.060   .300 .031 
 Subjective norm    .275   .217 .201      
 Perceived behavioural control   .305   .138 .318**  
 R2 = .172    
 F = 3.056**    
 N = 48    
     
University (Constant) -1.015 .828  
 Attitude towards engagement     .754 .181  .444*** 
 Subjective norm      .497 .179  .298**                      
 Perceived behavioural control     .044 .130  .034 
 R2 = .386    
 F = 12.977***    
  N = 66       

*p<0.1.  **p<0.05.  ***p<0.001 
B = unstandardized beta coefficient, SE B = standard error of beta, β = standardized beta coefficient 
 

4.5 Conclusions and Discussion 

Policy fields that are characterized with low value consensus and a high level of political 

uncertainty, such as that of agricultural biotechnology, would seem to call for more active 

engagement of scientists as stakeholders in policy debates in order to ensure that scientific 

knowledge is adequately reflected in policy outcomes. However, little is known about why 

scientists do not engage more actively and in larger numbers in policy debates, particularly 

given the limited empirical work that has been carried out on this topic. Our study provides 

first insights into understanding of the motivations among scientists who have an experience 

with engagement in policy-making regarding agricultural biotechnology. Measuring the 

perceptions of an international group of scientists, 1) we identified the critical beliefs/factors 

that may be relevant for understanding of scientists’ motivation towards policy engagement 

and 2) assessed their significance in influencing the future motivation of scientists towards 

policy engagement. In this section, we discuss our results and propose directions for future 

research. 

Using the theory of planned behaviour and the results from literature review and an 

elicitation study we found that indeed the agricultural biotechnology scientists’ motivation to 

engage in policy-making may be influenced by a complex mix of beliefs related to their 
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attitude, subjective norms and perceived behavioural control. First, we found that these 

scientists’ attitude towards policy engagement is likely to be influenced by various behavioural 

beliefs regarding: 1) the roles for scientists in policy-making, 2) scientists’ moral duties 

towards society, 3) perceived scientific literacy of policy makers and 4) the intrinsic value from 

policy engagement. Not surprisingly, the results from our quantitative study suggest that 

scientists who have an experience with policy engagement foremost believe that scientists 

are important policy stakeholders, that it is a moral responsibility of scientists to contribute 

to societal well-being and that policy engagement provides them with the opportunity to do 

so.  These findings support the theory of Pielke (2007) who proposes that scientist’s decision 

about whether or not to engage with policy-making depends on his/her view about the role 

of scientists in society. Remarkably, our results that take into consideration continental 

differences imply that European scientists agree the least among all scientists that scientists 

are important policy stakeholders. The lowest score of European scientists on this question 

may perhaps be explained by the fact that European scientists do not believe that scientists 

play an important role in European policy-making on agricultural biotechnology. Our findings 

regarding the intrinsic value of policy engagement also points out that most European 

scientists do not find engagement in policy-making pleasant.  

Our research also provides insights into the importance of subjective norms. Scientists’ 

perception about the approval of their policy engagement by friends, family, colleagues and 

institute they work at influence to some extent their motivation towards policy engagement. 

Our empirical results imply that agricultural biotechnology scientists feel moderately 

supported in their policy engagement and many scientists did not agree nor disagree with 

statements assessing subjective norms. This result contrasts the findings of Poliakoff and 

Webb (2008)6 who reported that scientists who participated in their study felt well supported 

by their friends, family and colleagues. This difference may be due to the addition of questions 

in our questionnaire that were assessing the perceived approval for policy engagement by 

                                                           

6 The study of Poliakoff and Webb (2008) was carried out with scientists at the University of Manchester 
(N=169). All career stages were represented: 9% of the samples were students, 30% were post- doctoral, 12% 
were lecturers, 22% were senior lecturers or readers, and 18% were professors.  

 

 

 

 

scientists’ superior and the institute they work at. The high number of neutral responses may 

indicate that many scientists are insecure to make this judgement.  

Furthermore, our findings about perceived behavioural control imply that time 

constraints, the lack of funding and the lack of communication skills are also critical for 

understanding scientists’ motivation regarding policy engagement. The general results 

suggest that most scientists who participated in our study tend to agree that they lack time 

and funding for policy engagement. These findings are consistent with Mathews et al. (2005), 

Sturzenegger-Varvayanis et al. 2008 and Andrews et al. (2005). Our results regarding the 

influence of perceived communication skills show that scientists who come from different 

geographical locations have different perceptions about their communication skills. While 

North American scientists feel the most confident about their skills to communicate with non-

scientific audiences, African and Asian scientists feel the least equipped. This may be due to 

differences in education but it could also be a reflection of self-confidence and/or the 

influence of social hierarchies in different cultures. 

After identifying which beliefs may be relevant for determining scientists’ Attitude, 

Subjective norms and Perceived behavioural control regarding policy engagement we carried 

out a regression analysis to explore which of these variables have a significant influence on 

the future motivation of scientists to engage in policy-making. To account for the possible 

continental differences and employer differences present in our dataset we carried out three 

series of regression analyses. The results from our general model (model that included all 

scientists who participated in our study) confirm that all three predictors proposed by TPB are 

significant in predicting scientists’ future motivation regarding policy engagement. Attitude 

has the strongest significant influence (=.394***) followed by Subjective norms (=.191**) 

and Perceived behavioural control (=.127*). However, not all attitude related beliefs and 

subjective norms related beliefs were significant for our sample of scientists. The variables we 

identified from literature and from the elicitation study (moral duty, communication skills and 

perceived scientific literacy of policy makers) did not prove significant in predicting the 

motivation of PRRI scientists towards policy engagement. However, we recommend that 

future studies on this topic do include these variables in the analysis since they may prove 

significant in explaining the motivation of scientists who come from different study 

populations. Figure 4 (p. 94) presents the summary of our main findings.  We propose that the 

presented conceptual framework can be employed to guide future studies regarding this 
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6 The study of Poliakoff and Webb (2008) was carried out with scientists at the University of Manchester 
(N=169). All career stages were represented: 9% of the samples were students, 30% were post- doctoral, 12% 
were lecturers, 22% were senior lecturers or readers, and 18% were professors.  
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important topic. The variables in bold squares were statistically significant in predicting the 

motivation of scientists who participated in our study.  

Since our sample included scientists from different geographical locations we also used 

the regression model for different continents. The results indicate that while motivation of 

European, North American and South American scientists can be best predicted by scientists’ 

attitude towards policy engagement, the motivation of Asian and African scientists can be best 

predicted by scientists’ assessment of Subjective norms. In addition, our results that took into 

consideration regional differences also indicate that the variable assessing the perceived 

scientific literacy of policy makers is significant in predicting the future motivation of Asian 

scientists. To further elaborate on this topic more research data need to be collected.  

Furthermore, our sample mostly included scientists who work at public sector research 

institute and universities. We speculated that these two public sector institutes might provide 

different conditions for scientists’ policy engagement since they fulfil different roles in society 

and policy-making. While the main mission of universities is research and education, the 

mission of public sector research institutes often includes support for public policy and 

technology transfer. The results from regression analysis that took this difference into account 

imply that different motivational factors are relevant for these two groups. While the 

motivation of scientists’ who work at public sector research institutes can be predicted by 

perceived behavioural control, our partial model indicate that the motivation of academic 

scientists develops from attitude and subjective norms.   

In conclusion, the overwhelming majority of our respondents agree that scientists need to 

actively translate scientific results for their use in policy-making. These results are consistent 

with recent findings by (Rainie et al. 2015). Motivation of scientists to be involved in policy 

tend to fore mostly depend on scientists’ attitude towards policy engagement followed by 

scientists’ subjective norms and perceived behavioural control. These in turn are dependent 

on different factors, such as perceived communication skills and time allowance for 

engagement, which may differ in different regions and at different public sector institutes. 

Such results indicate how scientists can be further facilitated in their efforts to engage. The 

findings from our study can contribute to deliberation about the various ways institutional 

support for engagement in policy-making could be organized and supported. We believe these 

conclusions can also be valid for engagement in science outreach activities. Providing time for 

policy involvement and organizing communication skills training may help. However, as the 

 

 

major motivating factor turns out to be ‘attitude towards policy engagement’ institutional 

measures are needed that recognize the importance of the role of scientists in policy-making 

and facilitate engagement of scientists in this activity. We recommend embedding these 

measures in educational programs of young scientists, especially in those scientific fields that 

are subject to controversy.  Besides the significant effect of attitude on scientists’ motivation 

our study also shows that the perceived behavioural control (access to funds, time availability 

by employer) is important. Therefore, we advise that public sector research institutes and 

universities consider how could scientists’ policy engagement be encouraged institutionally.  

To support the effective scientists’ involvement in policy-making, we recommend that 

future research focus on the following questions: How is scientists’ engagement in policy-

making currently governed, if at all? How much time do scientists currently dedicate to this 

activity? How could scientists be assessed for these activities? But also ‘Are scientists who 

engage in policy-making accountable to their institute for the policy statements/positions 

they make and if so how is this enforced in practice?’  

Finally, we would like to add a note about the study limitations. Since PRRI presents a 

special group of scientists the findings from this study can not be generalized to all public 

sector scientists without further research. Our partial model regarding geographical locations 

should be also considered as indicative due to the small sample sizes and therefore should be 

further tested with larger populations of scientists. Despite these limitations, we believe that 

our study provides an important building block for future studies on this topic, as it points out 

to the areas that may be most relevant for understanding of scientists’ motivation regarding 

policy engagement.  
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Abstract 

The engagement of scientists in science outreach activities has been recognized as important 

activity for bridging the gap between science and society. A so-called ‘scholarship of 

engagement’ has become integrated in many university strategies. Yet, when it comes to the 

evaluation of the performance of scientists who work at the public sector research institutes 

and universities the benchmark evaluation criteria often comprise of the number of 

publications and teaching activities. Furthermore, scientists’ engagement in policy-making as 

a part of the scholarship of engagement has not been explored in the literature, despite the 

fact that science plays an important role in informing contemporary policy-making. This paper 

focuses on the case of agricultural biotechnology policy-making to explore whether 

agricultural biotechnology scientists feel institutionally empowered to contribute to policy 

debates regarding this topic. 

 

 

 

5 Do agricultural biotechnology scientists feel 
empowered to engage in policy-making? 
Uncovering scientists’ perceptions about 
institutional support and the necessary traits for 
meaningful policy engagement  

5.1 Introduction 

Agricultural biotechnology has been recognized to play an important role in ensuring food 

security in the world of growing population, increasing environmental pressures and scarcity 

of resources (Godfray et al. 2010). Despite this recognition the applications of agricultural 

biotechnology have been surrounded by a lot of controversy. One of the problems is the 

questioning of science that assesses the safety of agricultural biotechnology applications. 

Another problem is the use of science for policy and regulatory purposes. As a result, 

genetically modified crops (GM) crops have been approved as safe and widely adopted in 

many countries while other countries have been rather reluctant to allow their commercial 

approval (James 2014).  Some countries and international organizations criticized this so-

called asynchronous approval of GM crops, i.e. the world trade organization has appealed to 

the EU, which is strictly refusing the use of GM crops, to end the deadlock on GM crops 

approval (de Faria and Wieck 2015, Davison 2010, Margarita 2012).  

While 30 years of scientific research worldwide regarding the safety of GM crops indicates 

that genetically modified crops do not pose more harm to humans, animals and the 

environment than their conventional counterparts, scientific claims presented by individual 

scientists and/or some interest groups suggesting otherwise are often articulated during 

policy-making debates (Hartung and Schiemann 2014, Miller, Morandini, and Ammann 2008). 

Despite that these claims do not reflect the consensus of international scientific communities 

they are reflected in some regulatory frameworks and negatively influence the progress in 

agricultural biotechnology sector (Bernauer and Meins 2003, Arts and Mack 2003, Ammann 

2014). For example, the high compliance costs with biosafety regulations discouraged some 

small firms and public sector research institutes from pursuing biotechnology research with 

marginal crops and/or caused delays in commercialization of potentially valuable products 

(Bayer, Norton, and Falck-Zepeda 2010, Atanassov et al. 2004c, Nang’ayo, Simiyu-Wafukho, 

and Oikeh 2014). Given this background the present paper is motivated by a question about 
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how can the impact of scientific knowledge, which represents the consensus of a wide 

scientific community, be strengthened in agricultural biotechnology policy-making. 

Some scholars advocate that in order to strengthen the impact of scientific knowledge on 

policy decisions scientists should take a more engaged role in policy-making (Foote, Krogman, 

and Spence 2009b, Meyer et al. 2010, Weiss 1991a, Holmes and Clark 2008). For example, 

some propose that complex policy-making problems, which are characterized by a low 

consensus on values (such as that regarding agricultural biotechnology), require that scientists 

become actively involved in policy-making processes (Pielke 2007a, Nelson and Vucetich 2009, 

van der Werf Kulichova, Flipse, and Osseweijer 2014). Others also articulate that policy 

stakeholders dealing with complex policy problems would like to see scientists taking more 

participating role in policy-making (Steel et al. 2004). As such, scientists can participate in 

policy-making as stakeholders via various consultation platforms (i.e. EU stakeholders’ 

consultation fora), via contribution to online regulatory discussions (i.e. Cartagena protocol 

on biosafety) or by providing of written comments on draft policy proposals. Earlier research 

also shows that agricultural biotechnology scientists recognize that engagement in policy-

making is important in order to properly integrate science into policy decisions (Van der Werf 

Kulichova et al. forthcoming). While there is ample evidence that participation of scientists in 

policy-making is important for strengthening the integration of science into policy decisions 

(Foote, Krogman, and Spence 2009b, Pielke 2007a, Weiss 1991a, Meyer et al. 2010, Steel et 

al. 2004, De Greef 2004b, Funk and Rainie 2015, Mathews, Kalfoglou, and Hudson 2005b) 

limited empirical research exists that addresses the question whether scientists do feel 

empowered to take an active role in policy-making.  

The present paper extends the literature on green biotechnology policy-making in general 

and the engagement of agricultural biotechnology scientists in policy-making in particular. It 

focuses on the perceptions of agricultural biotechnology scientists about the institutional 

support for policy engagement at universities and public sector research institutes and the 

traits/competences that are necessary for a meaningful contribution of scientists to policy-

making debates. We focus on policy-making regarding agricultural biotechnology since it has 

been a controversial policy field where many scientists feel that scientific knowledge is not 

well integrated into policy decisions (Ammann 2014, Cantley 2012, Cantley and Kershen 2013, 

De Greef 2004b, Dubock 2014, Strauss et al. 2010, Potrykus 2010, Vigani and Olper 2013). In 

this study, we employ a qualitative research approach to answer the following questions: 1) 

Do agricultural biotechnology scientists feel institutionally empowered to engage in policy-
 

 

making? 2) Which traits/competences are necessary for a meaningful contribution of 

scientists to policy-making regarding controversial science and technology as perceived by 

agricultural biotechnology scientists?  

5.2 Background  

5.2.1 The engaged scholarship and the gap between the recognition of its 
importance and the implementation of strategies to encourage it 

The engaged scholarship emerged in 1990’s and called on universities to reconsider their 

traditional reward merits that mostly focus on research and teaching (Boyer 1990, Whitmer 

et al. 2010, Barker 2004). Ever since, the engaged scholarship has motivated many universities 

to recognize that the full scope of academic work does not only include discovery and 

application but also societal integration and teaching (Boyer 1990). Some of the articulated 

possibilities for practising the engaged scholarship involve collaboration between academic 

scientists and other academics but also non academic societal partners, such as community 

organizations and decisions makers (Whitmer et al. 2010, 314). As such, practising engaged 

scholarship is seen as a mean to create scientific knowledge that is socially robust and 

politically relevant (Whitmer et al. 2010). Believers in the engaged scholarship suppose that 

engagement is not just charity that academics do in their free time, rather they see it as 

constituting scholarly practice that fulfils traditional academic functions (Barker 2004).  

In spite of the wide recognition that the engaged scholarship could bridge the gap between 

science and society some research concludes that university strategies are hindering the true 

transition towards the engaged scholarship in the practical settings. This research shows that 

while the scholarship of engagement is recognized as an important aspect of the overall 

university strategies, the existing rewards schemes still consider the scholarship of discovery 

and teaching to be the main benchmarks for the evaluation of academic performance (Vargiu 

2014, Colbeck and Michael 2006, Jacobson, Butterill, and Goering 2004, O’Meara 2005, 

Calleson, Jordan, and Seifer 2005). For example, the university ranking regimes were shown 

to be a major driver in influencing how much is the engagement in science outreach activities 

recognized and rewarded. Gonzales and Nunez reported that the existing ranking regimes in 

the US, Canada, the UK, Australia and few Asian and Latin American countries still promote a 

so-called ‘homogenization’, meaning that many universities award ‘recognition’ narrowly to 

particular forms of faculty work, especially particular publishing approaches’ while little or no 
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recognition is given to the engagement in science outreach activities (Gonzales and Núñez 

2014, 9). The empirical data that has been collected on this topic also points out that scientists 

feel hindered to engage in science outreach activities mostly by 1) the lack of institutional 

support for engagement, 2) the lack of time, 3) the lack of funding and 4) the lack of 

competences to do so (Poliakoff and Webb 2007, Sturzenegger-Varvayanis et al. 2008, Martín-

Sempere, Garzón-García, and Rey-Rocha 2008, Ecklund, James, and Lincoln 2012, Dudo 2012, 

Mathews, Kalfoglou, and Hudson 2005b). While quantitative research identified that these 

four domains present the most frequently articulated obstacles to scientists’ engagement in 

science outreach activities no qualitative studies have been carried out to explore these issues 

in more details. 

5.3 Methodology 

5.3.1 Data collection 

In this study, we collected qualitative data to explore whether agricultural biotechnology 

scientists feel empowered to engage in policy-making. Given the results from the literature 

review regarding the possible obstacles to scientists’ engagement in science outreach 

activities we built our interview guide along the four main themes. These were: 1) the 

perceived time available for policy engagement, 2) the perceived funding available for policy 

engagement, 3) the perceived overall institutional support for policy engagement and 4) the 

perceived traits/competences that are necessary for a meaningful contribution of scientists 

to policy-making. 

The data for this study was collected from agricultural biotechnology scientists, many of 

whom had some experience with policy engagement.  We included this group of scientists 

since scientists who do have experience with policy engagement or are interested in policy 

developments could directly evaluate the four themes of our interest.  82 European scientists 

working in the field of agricultural biotechnology were approached and asked to take part in 

the interview. Our choice to focus on the European scientists was motivated by the fact that 

Europe has been seen as having one of the strictest regulatory frameworks in the world that 

not only influence market release of GM crops but also research with them (Hartung and 

Schiemann 2014). Some of the scientists we approached (57) had engaged in policy-making in 

the past while other scientists (25) did not have much experience with policy engagement. In 

total 30 scientists responded positively and 17 interviews were scheduled. Our sample 

 

 

included 15 life scientists, one scientist who became a science communication specialist and 

one economist both contributing to policy-making debates in this field. As indicated before, 

during the interviews we asked scientists to share their views regarding 1) perceived time 

availability, 2) perceived access to funding, 3) perceived institutional support and 4) the 

necessary traits/competences for meaningful policy engagement.  We were particularly 

interested in the following questions: 1) Do you feel that you have (would have) sufficient time 

to spend on policy engagement? 2) Do you feel that you have (would have) sufficient funds 

available to engage in policy-making processes, 3) Does your organization have a strategy for 

facilitating involvement of scientists in policy-making? 4) What kind of traits/competences 

are, in your opinion, desirable for a meaningful contribution of scientists to policy-making 

debates? Table 19 presents the sample characteristics of the scientists who participated in the 

interviews. 

 

Table 19 Sample characteristics of European agricultural biotechnology scientists who participated in the 

interviews 

Gender Age (years) Employer Countries 
Male (13) < 30 (0) University (10) Germany (2) 

Female (4) 30 - 40 (1) PRI (7) Italy (1) 
 41 - 50 (1)  The Netherlands (5) 
 51 - 60 (9)  Belgium (3) 
 > 60 (6)  United Kingdom (1) 
   Switzerland (1) 
   Spain (1) 
   France (2) 
   Hungary (1) 

17 (100%) 17 (100%) 17(100%) 17 (100%) 
Notes: PRI=Public sector research institute 

5.3.2 Analytical approach 

In order to analyse the data collected from interviews, we used Atlas Ti software, version 

7.5.4. This software enabled us to code data according to the themes of our interest and also 

to sort out themes, which were repetitive throughout the whole dataset. We employed the 

following main codes in our analysis: Code1: How do scientists evaluate their time availability 

for policy engagement? Code 2: Do scientists feel financially empowered to engage in policy-

making? Code 3: Do scientists feel empowered for policy engagement by their institute? Code 

4: Which traits/competences do scientists perceive as desired for meaningful engagement in 

policy-making debates? These codes corresponded to the questions that we asked scientists 



101

5

Do scientists feel empowered to engage in policy-making?

 

 

recognition is given to the engagement in science outreach activities (Gonzales and Núñez 

2014, 9). The empirical data that has been collected on this topic also points out that scientists 

feel hindered to engage in science outreach activities mostly by 1) the lack of institutional 

support for engagement, 2) the lack of time, 3) the lack of funding and 4) the lack of 

competences to do so (Poliakoff and Webb 2007, Sturzenegger-Varvayanis et al. 2008, Martín-

Sempere, Garzón-García, and Rey-Rocha 2008, Ecklund, James, and Lincoln 2012, Dudo 2012, 

Mathews, Kalfoglou, and Hudson 2005b). While quantitative research identified that these 

four domains present the most frequently articulated obstacles to scientists’ engagement in 

science outreach activities no qualitative studies have been carried out to explore these issues 

in more details. 

5.3 Methodology 

5.3.1 Data collection 

In this study, we collected qualitative data to explore whether agricultural biotechnology 

scientists feel empowered to engage in policy-making. Given the results from the literature 

review regarding the possible obstacles to scientists’ engagement in science outreach 

activities we built our interview guide along the four main themes. These were: 1) the 

perceived time available for policy engagement, 2) the perceived funding available for policy 

engagement, 3) the perceived overall institutional support for policy engagement and 4) the 

perceived traits/competences that are necessary for a meaningful contribution of scientists 

to policy-making. 

The data for this study was collected from agricultural biotechnology scientists, many of 

whom had some experience with policy engagement.  We included this group of scientists 

since scientists who do have experience with policy engagement or are interested in policy 

developments could directly evaluate the four themes of our interest.  82 European scientists 

working in the field of agricultural biotechnology were approached and asked to take part in 

the interview. Our choice to focus on the European scientists was motivated by the fact that 

Europe has been seen as having one of the strictest regulatory frameworks in the world that 

not only influence market release of GM crops but also research with them (Hartung and 

Schiemann 2014). Some of the scientists we approached (57) had engaged in policy-making in 

the past while other scientists (25) did not have much experience with policy engagement. In 

total 30 scientists responded positively and 17 interviews were scheduled. Our sample 

 

 

included 15 life scientists, one scientist who became a science communication specialist and 

one economist both contributing to policy-making debates in this field. As indicated before, 
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In order to analyse the data collected from interviews, we used Atlas Ti software, version 
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to answer during the interviews. The text was screened and coded by two researchers and the 

results of analysis were discussed in order to ensure the correct interpretation. The results are 

presented in the next section.  

5.4 Results 

5.4.1 General observations 

First, the qualitative data we collected from 17 public sector scientists working in the area of 

agricultural biotechnology indicates that most scientists in our study feel restricted by the 

time that they have available to engage in policy-making. Nevertheless, most scientists believe 

that science communication is a part of their job as scientists. Two scientists in our group, 

however, pointed out that finding the right balance between the time invested in policy 

engagement and the time spent on research activities is important. These scientists reasoned 

that they could offer policy relevant science to policy makers only if they had spent sufficient 

time on research.  

Second, the majority of scientists who participated in our study felt that there are funds 

available for policy engagement. Some of them explained that they could obtain funding from 

their research projects as these often include the obligation for science dissemination 

activities. Notably, the question about funding raised again concerns among scientists 

regarding the time restrictions they experience when they want to spend more effort on 

engagement activities indicating that not funding but time seems to be the obstacle to policy 

engagement.   

Third, our results regarding the perceived institutional support for policy engagement 

revealed that only three out of 17 scientists feel that their institute has clear procedures for 

policy engagement. Two scientists said that although their institute does not have clear 

strategies for scientists’ engagement in policy-making it supports science outreach activities 

through dedicated science communication department. One of the themes that emerged 

regarding the institutional support concerned the criticism of the institutional reward system. 

Three scientists explained that their institute does not professionally reward their policy 

engagement, and therefore when they do engage in policy-making they usually need to 

compromise their personal time to do so. 

 

 

Finally, our interviews also provided insights about the necessary traits/competences that 

are seen as important by scientists for meaningful policy engagement. Among others, 

scientists thought that working experience in the international context or the membership in 

a larger scientific networks are prerequisites for successful policy engagement. Many 

scientists also expressed that certain communication strategies should be considered for 

meaningful policy engagement. Some of these included staying open minded and not trying 

to convince others but instead providing information in a diplomatic, polite and careful way. 

The next sections present the quotes from our interviews to illustrate our findings in more 

details.  

5.4.2 How do scientists evaluate their time availability for policy engagement?  

First, we were interested to evaluate scientists’ perceptions about their time availability to 

engage in policy-making. Although, some of the scientists we interviewed regularly engage in 

policy-making, a majority of them feel that they do not have sufficient time available. Various 

reasons were articulated among which the need to focus on activities that are rewarded by 

their institutions, such as: 1) fund raising, 2) reporting, 3) supervision of PhD students, 4) 

research and 5) teaching. For example, three scientists stated: 

Yeah, that’s very difficult, I mean, I have my tasks here as a Head of the Institute 

so forty co-workers. I have my tasks to advise and generate projects to raise 

money, to write reports to EU and different Ministries and so on, to provide 

opinions and so on. So I have a lot of different tasks, I have to set priorities. Even 

if I would like to spend more time in communication activities, it would not be 

possible (Interview 9, Germany, Regularly engages in policy-making). 

Yes and no. Yes because we are usually paid by for large part public money, so 

we have a responsibility in that sense, but no, because unfortunately we work 

very much on a project base. So for everything I do, I should be paid by a project 

and there is very little time to spend on things that are basically not financed but 

I think you should do as a public service. So yes and no in that case. Yes, the 

feeling of responsibility, but no, I cannot spend as much time on that as I would 

like to (Interview 14, the Netherlands, Regularly engages in policy-making). 

Well, actually what I said before, if you are scientist then you really have to focus 

on your scientific job. But I also think that you have the responsibility to 
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communicate all the things that are happening in the scientific world. And I 

always had the passion for communicating, science communication. But I didn’t 

find the time to do that. When you are at the bench you have to do so many 

things, because you have this pressure of publications and you have this pressure 

of performing and doing the research, otherwise you’re just kicked out. And as a 

scientist you can’t afford to spend your time on making a text or making opinions, 

a text on science or just communicate science. And after ten years I said: look, 

now it’s time to do something else and I will step from the experience that I have 

from the bench and will step into communication and I’ll try to do a 

communication job. So that’s why I switched (Interview 10, Belgium, Regularly 

engages in policy-making). 

Despite the fact that many scientists felt time constrained regarding their ability to engage 

in policy-making some of them felt that it is very important to continue this activities. Three 

scientists stated: 

I lack time for everything, I would need more time to supervise my PhD students, 

I would need more time to read papers, that’s how you prioritize things. And if I 

get a question, whether it’s from a person just in the public that sends me an 

email, or a politician or a student, I always give priority to answer those questions 

(Interview 17, Belgium, Regularly engages in policy-making). 

Yes, I don’t have enough time but if it’s really important, for example, for some 

policy makers they have a short question, I can do that! I think it’s my 

responsibility to give highlights on a question for example, if I was requested to 

do that. And I would like that this work is part of my work. And I think that’s the 

reason that a lot of scientists are not involved at all, in policy-making, in […], in 

this kind of meetings, because they say: we are losing our time! We are not 

evaluated for that to get money for research, for experiments, or for our salaries 

(Interview 3, France, Regularly engages in policy-making). 

I haven’t got enough time, but I try to find it. So I tend to sleep less once upon a 

time (interview 7, Italy, Regularly engaged in policy-making). 

I think so, yes. I think… sometimes I feel that I should do it even more often, but 

it’s a question of time sometimes. I think it’s important because if I believe in 

 

 

what I’m doing, in a sense I have to be proud of what I’m doing, I have to explain 

why it’s important what I’m doing. And I think it’s our job to say, ok that’s what 

I’m doing and that’s why and to make… to give the opportunity to the other 

people to understand what I’m doing. I think (Interview 15, Spain, Little 

experience with policy engagement). 

One scientist, however, noted that spending too much time on policy engagement could 

negatively influence the quality of data that can be provided to policy makers. Another 

scientist felt that spending much time on policy engagement would undermine his moral 

obligations as a scientist. These scientists stated: 

Well, I have to do my research and I have to teach. So there are issues that are… 

that only make sense… I only can contribute to the policy debate if I have 

something to say. And I only have something to say if I have done research. So 

this is fundamental. And that’s why I think that ten percent [of the total time] is 

enough. Otherwise, I would not be able to say anything meaningful anymore, if I 

don’t have the time to do my research and provide information (Interview 5, 

Germany, Regularly engages in policy-making). 

Well, I could spend 100% of the time, but then how do I feel good myself about 

being paid for teaching and following students and doing some research and 

other things if I do all the time something different. So I think I need to spend a 

decent, reasonable amount of time on my duties, my real duties, because I’m 

paid for that (Interview 7, Italy, Regularly engages in policy-making). 

5.4.3 Do scientists feel financially empowered to engage in policy-making? 

Second, we were interested to explore scientists’ perception about available funding for policy 

engagement activities. Engagement in policy-making requires financial resources and the lack 

of finances was reported in literature as a possible obstacle to scientists public engagement. 

However, our results indicate that most scientists in this study feel financially empowered for 

policy engagement, although not all activities that they engage in are financially secured. 

Financial resources for policy engagement usually come from the larger scientific projects that 

have special budget for dissemination activities. Four scientists stated: 

Yes, so it costs time and that’s money. So in the case I was asked to write this 

desk study, that took quite some time, and it was paid, because they paid hours 
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time (interview 7, Italy, Regularly engaged in policy-making). 

I think so, yes. I think… sometimes I feel that I should do it even more often, but 

it’s a question of time sometimes. I think it’s important because if I believe in 

 

 

what I’m doing, in a sense I have to be proud of what I’m doing, I have to explain 

why it’s important what I’m doing. And I think it’s our job to say, ok that’s what 

I’m doing and that’s why and to make… to give the opportunity to the other 

people to understand what I’m doing. I think (Interview 15, Spain, Little 

experience with policy engagement). 

One scientist, however, noted that spending too much time on policy engagement could 

negatively influence the quality of data that can be provided to policy makers. Another 

scientist felt that spending much time on policy engagement would undermine his moral 

obligations as a scientist. These scientists stated: 

Well, I have to do my research and I have to teach. So there are issues that are… 

that only make sense… I only can contribute to the policy debate if I have 

something to say. And I only have something to say if I have done research. So 

this is fundamental. And that’s why I think that ten percent [of the total time] is 

enough. Otherwise, I would not be able to say anything meaningful anymore, if I 

don’t have the time to do my research and provide information (Interview 5, 

Germany, Regularly engages in policy-making). 

Well, I could spend 100% of the time, but then how do I feel good myself about 

being paid for teaching and following students and doing some research and 

other things if I do all the time something different. So I think I need to spend a 

decent, reasonable amount of time on my duties, my real duties, because I’m 

paid for that (Interview 7, Italy, Regularly engages in policy-making). 

5.4.3 Do scientists feel financially empowered to engage in policy-making? 

Second, we were interested to explore scientists’ perception about available funding for policy 

engagement activities. Engagement in policy-making requires financial resources and the lack 

of finances was reported in literature as a possible obstacle to scientists public engagement. 

However, our results indicate that most scientists in this study feel financially empowered for 

policy engagement, although not all activities that they engage in are financially secured. 

Financial resources for policy engagement usually come from the larger scientific projects that 

have special budget for dissemination activities. Four scientists stated: 

Yes, so it costs time and that’s money. So in the case I was asked to write this 

desk study, that took quite some time, and it was paid, because they paid hours 
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for me. But in the case that you organize a debate or you have a group thinking 

about it or you write something for non-scientific publication, then it is own time 

or time for projects that you think it is important that you tell about what you’re 

doing. So there are also projects in which this is encouraged to do, the 

dissemination of what you’re doing or the dissemination of your knowledge 

(Interview 12, the Netherlands, Regularly engages in policy-making). 

That depends, when it is connected with a project it’s coming out of the project, 

but that’s small money, so we are never making problems out of that. Many 

times I paid that by myself (Interview 10, Belgium, Regularly engaged in policy-

making). 

It’s usually paid by… for example we have… it’s usually either paid by the 

organization or by the projects we have. For example we have projects funded 

for example by the European Union. [name colleague] has been involved in a EU 

project, very focused on communicating about GM, a GM project he ran. So 

within that project you get funding to this kind of thing (Interview 14, the 

Netherlands, Regularly engages in policy-making). 

No, no personal money, except for lunch. I think it’s my work; I don’t have to 

spend my own money! But my own time, of course. My private time, of course 

(Interview 3, France, Regularly engages in policy-making). 

5.4.4 Do scientists feel empowered for policy engagement by their institute?  

Third, we asked scientists about their perceptions regarding institutional support for policy 

engagement. We were also interested in knowing whether their university or research 

institute has a clear strategy for engagement in policy-making activities. Our results indicate 

that three of the 17 scientists feel institutionally encouraged and they stated that their 

university has clear producers for engagement in science outreach activities. Some of them 

said: 

Yeah, very much. So indeed in the strategy, so once every few years there is a 

strategy plan and one part of the strategy plan is to go into debate, to go outside 

and people are appointed. So I was appointed to a former group thinking about 

the bio based economy, not specifically GM, but bio based economy, what could 

we tell the world, how could we be part of debates, how could we write reports, 
 

 

or non-scientific articles. And there is also a group on GM. So it’s very much 

encouraged and also organized. So it’s not only do your best and that’s it, but 

you’re really asked to get a group of people around you and to talk and to report 

back what you’re doing, etcetera (Interview 12, the Netherlands, Regularly 

engages in policy-making). 

Well, it’s a little bit both, because we have a kind of evaluation, once in a while. 

And it’s divided in different indexes. So one is like: how many articles you publish 

and the impact of these articles, if they are in good journals or reviews or 

whatever. Also, the kind of money you can get, so grants and contracts. But also 

there is a part that looks at how many conferences or this kind of work you do. 

So in a sense they encourage you to do it. They don’t force you, but they 

encourage you. If you do it, you have a better index (Interview 16, Belgium, 

Regularly engages in policy-making). 

Well, it depends. If it’s a long process [policy contribution requiring a longer 

commitment] I would get a contract as a consultant. I would buy out my time at 

university. So I could do that and I could buy out some time of my teaching for 

example. So they hire someone else to do that. Again, they are very flexible about 

that. I can buy a hundred hours for example for a contract [to assist policy-

making] and just work full-time on my contract. Again, the university has very 

clear procedures for that (Interview 1, United Kingdom, Regularly engages in 

policy-making). 

Two scientists did not feel strong institutional support for engagement in policy-making, 

yet they stated that their universities try to facilitate it. For example, one indicated that his 

institute has a science communication department to support science communication. This 

scientist said:   

Well, our university has a center for communication. And… so what they 

encourage us is for example if you have something interesting, if you have an 

interesting research paper, research project, or something, it is relevant… other 

people may find it interesting, the public, or for policy makers to inform them, 

then they channels this to their media contacts and then it will be launched on 

newspapers and on TV etcetera. So when you ask for a strategy, yes this is a 
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And it’s divided in different indexes. So one is like: how many articles you publish 
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So in a sense they encourage you to do it. They don’t force you, but they 

encourage you. If you do it, you have a better index (Interview 16, Belgium, 
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Well, it depends. If it’s a long process [policy contribution requiring a longer 

commitment] I would get a contract as a consultant. I would buy out my time at 

university. So I could do that and I could buy out some time of my teaching for 

example. So they hire someone else to do that. Again, they are very flexible about 

that. I can buy a hundred hours for example for a contract [to assist policy-

making] and just work full-time on my contract. Again, the university has very 

clear procedures for that (Interview 1, United Kingdom, Regularly engages in 
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Two scientists did not feel strong institutional support for engagement in policy-making, 

yet they stated that their universities try to facilitate it. For example, one indicated that his 

institute has a science communication department to support science communication. This 

scientist said:   

Well, our university has a center for communication. And… so what they 

encourage us is for example if you have something interesting, if you have an 

interesting research paper, research project, or something, it is relevant… other 

people may find it interesting, the public, or for policy makers to inform them, 

then they channels this to their media contacts and then it will be launched on 

newspapers and on TV etcetera. So when you ask for a strategy, yes this is a 
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strategy from the university for media (Interview 5, Germany, Regularly engages 

in policy-making). 

Another scientist stated that his institute recognizes the importance of engagement but 

does not have clear procedures and reward systems. This scientist stated:  

Yes, the organization as a whole wants to increase, or maybe contain its visibility 

as being relevant and doing good science and being involved in relevant public 

discussions. So they need the individual scientists to do that. But they don’t have 

an action plan or action group that gets assigned certain tasks, but that’s because 

we’re also very busy and working on projects (Interview 15, Spain, Little 

experience with policy engagement). 

Although we did not ask scientists directly about the recognition and reward systems 

regarding their engagement in policy-making, some scientists spontaneously mentioned that 

science outreach activities are not rewarded at their institutes. For example, two scientists 

said: 

So for example, beginning of next year, the institute will be evaluated by [..], so 

Science Council it might be translated, and this will be very strong of course and 

very objective evaluation and if they will be using the same criteria they will be 

using for a university or for [name scientific society], then of course we might get 

a more negative scoring, because we don’t have such a number of excellent 

publications, but we are publishing besides that a lot of excellent reports for 

policy makers and so on and so on, which are not published, and therefore might 

not be scored in a positive way. So I think that’s the problem, the way how 

scientific activities are evaluated does not include or does not mainly include 

dissemination activities and other activities, so like cooperation in scientific 

societies and so on and so on (Interview 10, Belgium, Regularly engages in policy-

making). 

Well, that’s precisely the thing that makes it difficult, because when I was asked 

for the desk study I really got project hours, so that’s ok. But the things that I do 

to give the lectures, I’m actually not obliged to give lectures, so this is sort of an 

extra thing, because I like it and also to organize this debate within the university, 

 

 

I also don’t really get time or hours for it. I do these things because I think it’s 

important (Interview 11, the Netherlands, Regularly engages in policy-making). 

5.4.5 Which traits/competences do scientists perceive as desired for meaningful 
engagement in policy-making debates? 

In the last section, we report the results from the interviews regarding the desired traits for 

scientists’ engagement in policy-making. Our results point out that there are at least six traits 

that are desirable for successful policy engagement. These are: 1) Appropriate technical 

education, 2) Working experience in the international context, 3) Patience, 4) Understanding 

the policy-making process, 5) Being member of a larger scientific network and 6) 

Communication skills. In the next paragraphs, we illustrate some of the first five traits by 

interview quotes. The traits regarding communication skills were discussed across many 

interviews, and therefore, we dedicate a special section to those.  

One scientist stated that having the right technical education and some working 

experience in the international context is important for policy engagement. He said:  

Well you have to have right education for that. The right technical 

background. I think a very thorough education at a Master’s or PhD level 

personally. I think it’s essential to engage actively with research in the lab or 

in the field. [..]. It’s also very important to work in different countries. As 

soon as I got my PhD I went to work in the United States for several years. 

Then I went to Germany. Then I went to work in Australia, France, Malaysia. 

Then you begin to get a bigger perspective. If you just work in one lab in one 

place in one country, it’s much more difficult. You may get paid to get an 

idea about your small problem, a small academic research problem. But then 

to go beyond that, the big picture, the social implications, policy, you really 

do need to work internationally. Especially now, because we are in a 

globalized society (Interview 1, United Kingdom, Regularly engages in policy-

making). 

Another scientist thought that to be a part of a larger scientific network is important to 

get access to policy-making. She stated:  

Sometimes it’s difficult to reach the most important people, so as an 

individual scientist it’s difficult sometimes to reach the people that are 
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in policy-making). 
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using for a university or for [name scientific society], then of course we might get 

a more negative scoring, because we don’t have such a number of excellent 

publications, but we are publishing besides that a lot of excellent reports for 

policy makers and so on and so on, which are not published, and therefore might 

not be scored in a positive way. So I think that’s the problem, the way how 

scientific activities are evaluated does not include or does not mainly include 

dissemination activities and other activities, so like cooperation in scientific 

societies and so on and so on (Interview 10, Belgium, Regularly engages in policy-

making). 

Well, that’s precisely the thing that makes it difficult, because when I was asked 

for the desk study I really got project hours, so that’s ok. But the things that I do 

to give the lectures, I’m actually not obliged to give lectures, so this is sort of an 

extra thing, because I like it and also to organize this debate within the university, 

 

 

I also don’t really get time or hours for it. I do these things because I think it’s 

important (Interview 11, the Netherlands, Regularly engages in policy-making). 

5.4.5 Which traits/competences do scientists perceive as desired for meaningful 
engagement in policy-making debates? 

In the last section, we report the results from the interviews regarding the desired traits for 

scientists’ engagement in policy-making. Our results point out that there are at least six traits 

that are desirable for successful policy engagement. These are: 1) Appropriate technical 

education, 2) Working experience in the international context, 3) Patience, 4) Understanding 

the policy-making process, 5) Being member of a larger scientific network and 6) 

Communication skills. In the next paragraphs, we illustrate some of the first five traits by 

interview quotes. The traits regarding communication skills were discussed across many 

interviews, and therefore, we dedicate a special section to those.  

One scientist stated that having the right technical education and some working 

experience in the international context is important for policy engagement. He said:  

Well you have to have right education for that. The right technical 

background. I think a very thorough education at a Master’s or PhD level 

personally. I think it’s essential to engage actively with research in the lab or 

in the field. [..]. It’s also very important to work in different countries. As 

soon as I got my PhD I went to work in the United States for several years. 

Then I went to Germany. Then I went to work in Australia, France, Malaysia. 

Then you begin to get a bigger perspective. If you just work in one lab in one 

place in one country, it’s much more difficult. You may get paid to get an 

idea about your small problem, a small academic research problem. But then 

to go beyond that, the big picture, the social implications, policy, you really 

do need to work internationally. Especially now, because we are in a 

globalized society (Interview 1, United Kingdom, Regularly engages in policy-

making). 

Another scientist thought that to be a part of a larger scientific network is important to 

get access to policy-making. She stated:  

Sometimes it’s difficult to reach the most important people, so as an 

individual scientist it’s difficult sometimes to reach the people that are 
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making the decisions, so these kinds of networks are very good, because if 

you go all together it’s better to reach something. [..] there are so many 

scientists from different places and I think this kind of things help a lot, 

because you as an individual, it’s very difficult. Maybe you can do something 

more locally, but sometimes you’re a little bit lost. But if you get into contact 

with all these networks, that’s a very good way of making things more… to 

give some strength (Interview 16, Belgium, Regularly engages in policy-

making). 

Other recommendations included that having enough patience is also very important 

mostly because some of the policy debates can be quite frustrating. Two scientists said:  

[..] one important property that you should have is that you should probably 

have patience (Interview 15, Spain, Little experience with policy 

engagement). 

If there is a room of fifty people, and one or two of them understood the 

message, I think that each time few people understand the message; I think 

that’s good. So it’s a question of going and doing it again (Interview 16, 

Belgium, Regularly engages in policy-making). 

One scientist thought that understanding of policy-making process was also important. He 

stated:  

And of course you have to have an understanding of the level at which you 

have to present your science, whether the listeners understand or not. So 

you have to be sensitive to that. And probably you have to understand the 

policy-making process itself in order to know what will have impact and 

what will be useless (Interview 15, Spain, Little experience with policy 

engagement). 

5.4.6 Which communication strategies do scientists perceive as desirable for 
meaningful engagement of scientists in policy-making? 

As mentioned before, many scientists discussed communication skills as being an important 

trait for engagement in policy-making. The main findings regarding desired communication 

strategies included: 1) Use short and focused messages, 2) Stay unbiased and objective, 3) 

 

 

Maintain credibility, 4) Be open minded – do not stick to your positions, 5) Be able to translate 

science into accessible words, 6) Do not try to convince others just provide information, 7) Be 

able to engage with people, 8) Be honest and critical about your position, 9) See the big 

picture, 10) Be diplomatic, polite and careful, 11) Tell the truth, and 12) Employ humor into 

your communication style. The following quotes illustrate some of these findings. 

Yeah, so I mean what I learned, is that all the messages you are providing 

should be very short, very precise. You should take care that what you are 

saying is not misused, so therefore you really have to focus, and it should 

be unbiased, so you really should try to be objective. Also, very important 

is, how to say, the credibility, in the public debate, and the way you are 

acting. In a lot of cases it’s more important even than the arguments you 

are providing (Interview 10, Belgium, Regularly engages in policy-making).  

Pooh, that’s a difficult one, I think being as neutral as possible, and also 

being open for negative arguments. There are some colleagues from the 

ag biotech, also from university who are so emotionally attached to GMOs 

that they… yeah, it’s like the opposite of the anti-GMO activists. So these 

activists are not open for any good arguments, and the really dedicated or 

really enthusiastic scientists are also not open for any other arguments. So 

I think you really have to be neutral and to listen to both parties and give 

also a very balanced opinion to politicians to create some credibility 

(Interview 1, United Kingdom, Regularly engages in policy-making). 

I don’t like to convince you at all. Because I believe you can make up your 

mind by yourself. I can give information and that information is always 

colored. And I understand that you understand that. So when you are 

mixing all colors together then you can make up your own mind. And that’s 

where I’m interested in; I’m not interested in convincing everybody in the 

world (Interview 13, United Kingdom, Little experience with policy 

engagement). 

You know, humor is a wonderful mean. [..]. Besides humor, [..], is having 

mercy in public on a podium. To have mercy with your opponents 

(Interview 4, Switzerland, Regularly engages in policy-making).  
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5.5 Conclusions and discussion 

The present study qualitatively examined the perceived institutional support for scientists’ 

policy engagement and the traits/competences that are necessary for a meaningful 

contribution of scientists to policy-making debates. We interviewed 17 agricultural 

biotechnology scientists most of whom have engaged in policy-making in the past to uncover 

their perceptions regarding these important topics. In this section we present and discuss the 

main conclusions of this study and provide directions for future research.  

First, the quantitative studies found that the lack of time is considered to be one of the 

major reasons that prevent scientists from engagement in science outreach activities. The 

results from this study confirm that the majority of scientists we interviewed feel that they do 

not have enough time to engage in policy-making. Some scientists who participated in this 

study feel that making time for policy engagement means that they have to assign lower 

priorities to activities for which they are rewarded by their institutes, such as supervision of 

PhD students, teaching and publications. Despite this dilemma many scientists feel that it is 

important to make time for policy contribution. Our study indicates that despite the perceived 

lack of time scientists whom we interviewed have a strong sense of social responsibility to 

contribute to policy discussions. This finding is consistent with assumptions of (Haas 2004a) 

and (Sabatier 1988b) who articulated that strong normative beliefs play an important role in 

mobilizing scientists to engage in policy-making. This indicates that besides the perceived 

institutional support the scientists’ recognition of their social responsibility is an important 

precondition for scientists’ interest in policy engagement. A finding consistent with (Jensen et 

al. 2008, Andrews et al. 2005, Martín-Sempere, Garzón-García, and Rey-Rocha 2008, 

Mathews, Kalfoglou, and Hudson 2005b). Furthermore, two scientists indicated that the time 

spent on policy engagement should be in the right balance with the time spent on research 

activities. These scientists reasoned that for a meaningful contribution of scientists to policy-

making debates scientists need to spend sufficient time on research to be able to deliver policy 

relevant scientific knowledge. Given this finding, we recommend that the future research 

could expand our understanding about how much time should be allocated to engagement in 

science outreach activities in general and engagement policy-making in particular. Future 

research could also examine how much time (if at all) is currently allocated to these activities 

in strategies at different universities. In addition, exploring how this time should be divided 

among the university research groups offers another avenue for future research work.  

 

 

Second, the lack of funding was also reported to be an obstacle to scientists’ engagement 

in science outreach activities. Most scientists who participated in this study felt that they have 

funds available for their policy engagement. This can be perhaps explained by the fact that 

our study focused on the European scientists. Many university projects in Europe are funded 

by the European Commission Framework Programs that have a strong emphasis on 

dissemination activities. Since allocation of funding for science dissemination activities can 

differ outside of Europe (i.e. in developing countries), we advise that future studies include 

also non-European scientists to obtain a more complete picture. Nevertheless, our study 

shows that not all European universities focusing on life science research give science 

dissemination activities an equal importance when it comes to the evaluation criteria and 

institutional reward schemes. Our results confirm the discrepancies articulated in the 

literature between institutional strategies and the institutional reward schemes at universities 

and public sector research institutes (Vargiu 2014, Colbeck and Michael 2006, Jacobson, 

Butterill, and Goering 2004, O’Meara 2005, Calleson, Jordan, and Seifer 2005).  

Third, some scientists whom we interviewed felt institutionally supported and indicated 

that their institute has a clear procedures to facilitate their engagement in policy-making. For 

example, one scientist stated that he could buy out hours from his university that he can spend 

on engagement in policy-making.  Another scientist said that his university appoints 

periodically scientists who are responsible for a wider engagement with public and policy 

makers. However, majority of scientists did not feel institutionally encouraged to engage. 

Despite that, some of them explained that their university/institute facilitates connection 

between science and society through dedicated science communication department but does 

not encourage scientists to engage with public and policy makers. These findings illustrate 

that different models are used by universities to facilitate science outreach activities and that 

the engagement of scientists in these activities is not yet fully supervised by clear institutional 

strategies. This situation is raising important questions regarding the conditions under which 

scientists should present their policy statements.  Future research could address the following 

questions: 1) Should scientists who engage in policy-making be accountable to their employer 

for the statements they make? This question is particularly important when it comes to a 

protection of credibility of individual scientists but also of the institute as a whole. 2) Should 

engagement of scientists in policy-making be recognized as a part of professional performance 

assessment criteria? Or 3) Should scientists engage in policy-making on their personal title in 
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their free time? Future research could also explore the various university strategies on policy 

engagement and study the efficiency of different models.  

Fourth, even well designed institutional strategies regarding time management and 

funding will not suffice when scientists do not possess the necessary traits/competences to 

provide a meaningful contribution to policy-making debates. The results from our interviews 

indicate that there are at least six traits that should be given attention to ensure meaningful 

engagement of scientists in policy-making. These are: Appropriate technical education, 

Working experience in the international context, Patience, Understanding of the policy-

making process, Being a member of a larger scientific network and having communication 

skills. These results point out that for meaningful engagement with non-scientific audiences 

scientists need to be aware that only neutrally formulated and informative messages about 

controversial scientific innovations which are placed in the broader context and delivered as 

a consensus of a wider scientific society can reach their audiences. Some of our findings 

regarding the necessary traits/competences for engagement could serve as selection criteria 

when appointing scientists who engage to represent institute/university in policy-making or 

be a subject of training and career development. Our study also provides a guidance for 

communication approaches and relevant personal skills, such as being able to stay open 

minded, avoid convincing everybody but rather provide information, being able to engage 

with people and employ humor into communication style.  

Finally, our study indicates that engagement in policy-making regarding agricultural 

biotechnology seem to be primarily done by senior scientists who have a long research 

experience and are part of various networks. One of the possible avenues to encourage 

participation of younger scientists in policy-making could be a creation of and encouragement 

to participate in scientific societies across universities and public sector research institutes. 

Such participation could provide learning opportunities for younger scientists to recognize 

importance of and to engage in debates about broader societal and political implications of 

their work. 
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6 Conclusions and discussion  
The biobased economy is presented as a potential solution for addressing the challenges 

associated with climate change and the growing human population. Thanks to advances in 

science and technology the biobased economy may provide additional food and renewable 

energy to meet the needs of the expected 9 billion people by 2050. However, the 

implementation of the biobased economy also carries along many questions about the 

transition paths, including the political and regulatory climate for new technologies that are 

necessary to accomplish this transition. Policy decisions and new regulations require input 

from the scientific community. While most policy stakeholders agree that we need new 

technologies that can reduce or eliminate greenhouse gas emissions we witness controversy 

about the best solutions to realise sustainable production. Scientists have the potential to play 

an important role in policy debates and processes, but presently their involvement is 

inadequate. This thesis explores how scientists perceive their role in policy-making and which 

factors are relevant for understanding of their motivation for policy engagement. It focuses 

on the case of agricultural biotechnology with its existing political controversy over the use of 

genetically modified crops. This field provides an opportunity to study a population of 

scientists many of whom regularly contribute to policy-making. Since these scientists have  

experience with engagement in policy making, studying their views, roles and motives 

provides insights about the factors that influence their motivation towards policy engagement 

but also about their views on how their active contribution to policy-making could be better 

supported. As such, this thesis provides valuable lessons about the difficulties regarding the 

integration of scientific knowledge into policy and regulatory decisions and hopes to 

contribute to a more adequate climate for practical applications of science and technology. 

In this chapter, the main conclusions are presented and discussed and the main and 

specific research questions are answered. The full synthesis of the results leads to a new 

conceptual framework for facilitating scientists’ participation in policy-making. The new 

model is built on the studies within the community of public sector agricultural 

biotechnologists and on the existing theories used for the analysis. In the discussion, the 

proposed framework is considered for its usefulness in a broader scientific context and the 

social relevance of this thesis is discussed. Finally, the last section of this chapter reflects on 

the study’s limitations and provides possible directions for future research.  
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6.1 Answers to the specific research questions 

6.1.1 What are the reasons for and against scientists’ policy engagement as 
articulated in the interdisciplinary literature on science-policy interfaces 
and as seen by agricultural biotechnology scientists in particular?  

The first specific research question explores the reasons for and against direct participation of 

scientists in policy-making. An interdisciplinary literature review was complemented by two 

online surveys to evaluate perceptions of agricultural biotechnology scientists about the 

different reasons for policy involvement. We observe that the reasons for and against 

scientists’ policy engagement can be clustered into two categories that we will refer to as 

‘Instrumental’ and ‘Moral’ reasons. Our definition of ‘Instrumental reasons’ assumes that 

science, as such, has a normatively positive effect on societal well-being, yet it needs to be 

safeguarded against societal and policy opposition. Our definition of ‘Moral reasons’ departs 

from the idea that scientists have a moral obligation towards society to take an active role in 

policy-making and public debates in order to inform policy makers and public about the 

potential applications of science but also about approaches to ensure that such applications 

are safe. This section presents the synthesis of both the theoretical and the empirical results 

in reflection of these two rationales for scientists’ policy engagement.  

Instrumental reasons for direct participation of scientists’ in policy-making  

The arguments presented in Chapter 2 indicate that scientists need to directly participate in 

policy-making due to the participatory character of many contemporary policy-making 

debates. In these policy-making settings various groups of stakeholders tend to make a 

reference to diverse sources of scientific knowledge to support their policy preferences. As 

such, when scientists do not directly participate in policy-making the scientific knowledge that 

is used, as a benchmark criterion for policy and regulatory measures might not reflect the 

general consensus of the wider scientific community. This in turn may create an unfavourable 

regulatory climate for research and commercial applications of scientific innovations. Our 

empirical research shows that the majority of agricultural biotechnologists who are interested 

in policy engagement feel that regulations on agricultural biotechnology do not facilitate 

progress in this sector. The majority of scientists also believe that policy makers do not have 

the necessary scientific literacy to properly interpret scientific results and many scientists 

 

 

doubt that policy makers read scientific publications to inform their policy decisions7. 

Therefore, direct engagement of scientists in participatory policy-making provides scientists 

with the opportunity to present scientific findings and to ensure that these findings are well 

understood by all policy stakeholders and integrated into policy decisions. Our empirical data 

support the theory articulated by Pielke (2007) that policy-making contexts that are 

characterized with political uncertainty regarding the use and the interpretation of scientific 

knowledge are more likely to motivate scientists for policy engagement.  

Moral reasons for direct participation of scientists’ in policy-making  

The arguments presented in Chapter 2 suppose that the public considers scientists working at 

public sector research institutes and universities to be the most trusted source of information 

regarding science and technology. This provides public sector scientists with a strong societal 

mandate to take a role in informing policy-making debates. Furthermore, the findings in 

Chapter 2 indicate that informing policy-making and engaging with policy stakeholders is part 

of the moral duties of public sector scientists since a large part of their research is funded from 

public funds. Yet, Pielke (2007) suggests that not all scientists are ready to accept the notion 

that it is their moral duty to participate in science outreach activities, and therefore scientists 

who sympathize with this view are likely to refrain from policy engagement. 

The findings from our surveys indeed indicate that the majority of agricultural 

biotechnology scientists who are motivated to contribute to policy-making recognize the 

moral dimension of their work and agree that engagement in policy-making is their moral 

responsibility for ensuring food security and sustainable agriculture. These findings also 

resonate with the findings of Schuurbiers (2010) who concluded that scientists whose work is 

focused on application oriented research are likely to have a greater awareness about the 

social implications of their work, and therefore a higher level of moral awareness.  Since our 

research focused on the population of scientists who are generally interested in policy 

participation, we propose that studies in the future also include scientists who do not show 

                                                           

7 The nature of our survey samples enabled us to examine differences in perceptions among scientists who come 
from different geographical locations. The statistical test did not confirm any significant differences regarding 
these questions 
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7 The nature of our survey samples enabled us to examine differences in perceptions among scientists who come 
from different geographical locations. The statistical test did not confirm any significant differences regarding 
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an interest in policy engagement and examine whether moral beliefs of these scientists 

regarding policy engagement. 

Instrumental reasons against scientists’ policy engagement  

Our literature review indicates that scientists may not feel well equipped to communicate 

with non-scientific audiences, and this may provide a reason to not engage in policy-making. 

Our empirical findings indeed indicate that scientists who come from different countries have 

different assessment of their communication skills. While North American scientists feel the 

most capable to communicate with non-scientific audiences, African and Asian scientists have 

the lowest assessment of their communication skills (Chapter 4). These results indicate that 

different cultural backgrounds influence the self-confidence of scientists regarding their 

communication qualities. Since our sample included small numbers of African (N=20) and 

small numbers of Asia scientists (N=27) we recommend that the future research examines the 

perceived level of communication skills with larger population of Asian and African scientists. 

Particular attention should be paid to how the hierarchical social structures that are 

characteristic for these societies influence scientists’ self-assessment of communication 

ability and to what extent the communication skills with non-scientific audiences are 

addressed in education curricula in these countries.  

Next to the concerns regarding scientists’ communication skills our literature review 

(Chapter 2 and Chapter 4) also pointed out that scientists may feel that engagement in policy-

making is not institutionally supported at their place of employment and this may provide 

another reason to refrain from policy engagement. The most articulated concerns in the 

literature regarding the level of institutional support involve the lack of time for policy 

engagement and the lack of funding. In order to assess how agricultural biotechnology 

scientists worldwide perceive the level of institutional support for policy engagement we 

asked them to assess their perceptions regarding time availability and the access to funding. 

Our results indicate that agricultural biotechnology scientists worldwide have different 

perceptions regarding the time that they have available for policy engagement8. This divide in 

                                                           

8 40% of PRRI scientists agreed that they lack time to engage in policy-making, 23% chose to respond neutrally 
and 33% disagreed. To understand if any of the demographic characteristics contributed to this division, we 
tested whether age, continents and employer were able to explain these differences. The statistical test did not 
confirm any significant relationships (ISAAA results are presented in the footnote on the next page) 

 

 

results perhaps indicates that scientists have different opinions about how much time they 

should spend on policy engagement. Therefore, we propose that future research examines 

how much time scientists who regularly contribute to policy-making currently spend on policy 

engagement and which institutional strategies are in place (if any) to oversee the time 

allocation between research and non-research related activities. 

Moral reasons against scientists’ policy engagement.  

The literature review in Chapters 2 and Chapter 4 concludes that many scientists feel that 

direct participation in policy-making harms their professional reputation and/or negatively 

influence their scientific credibility, and therefore, these scientists may not want to participate 

in policy-making. Our quantitative results indeed confirm that there is a divide among 

scientists regarding this question. While the majority of PRRI scientists is not concerned about 

the negative impact of policy engagement on their scientific credibility, the ISAAA subscribers 

have more divided opinions9. These findings stress the need for clear institutional strategies 

that will safeguard credibility of individual scientists in policy-making but also the credibility 

of research institute as a whole.  In this regard, establishing clear criteria for what kind of 

scientific knowledge should be considered as legitimate to inform policy-making seems to be 

also relevant.   

6.1.2 Which factors can predict the motivation of agricultural biotechnology 
scientists for future policy engagement?  

In order to understand which of the reasons identified from our literature survey can predict 

the motivation of agricultural biotechnology scientists towards policy engagement we used 

the data collected from the online survey with PRRI scientists. We built on the theory of 

planned behaviour to organize various scientists’ beliefs regarding policy engagement into 

                                                           

8 65% of ISAAA scientists agreed that they lacked time for policy engagement, 5% provided neutral response and 
30% disagreed that time was a problem. To understand if any of the demographic characteristics contributed to 
this division, we tested whether age, continents and employer were able to explain these differences. The 
statistical test suggested that European scientists among ISAAA members feel the most time constrained 
9 To understand if any of the demographic characteristics contributed to this division, we tested whether age, 
continents and employer were able to explain these differences. The statistical test suggested that African and 
European scientists expressed the most credibility concerns while American and Asian scientists disagreed that 
policy engagement was detrimental to their scientific credibility.  
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three factors: the attitude towards policy engagement, subjective norms and perceived 

behavioural control. The attitude towards policy engagement was measured through the 

usefulness of policy engagement, intrinsic value from policy engagement and the views 

scientists had about their role in policy-making. In addition, we also included two separate 

variables that measured perceived scientific literacy of policy makers and perceived moral 

duties of scientists in society. The variable that measured scientists’ subjective norms included 

statements that assessed the perceived approval of policy engagement by scientists’ friends, 

relatives, scientific peers but also by scientists’ superiors at work and the research institute in 

general. By including the last three referent groups we attempted to measure whether 

scientists felt supported by their professional peers and how this influenced their motivation. 

Scientists’ perceived behavioural control was measured by statements that focused on 

institutional support for policy engagement in general, and the time availability and access to 

funding in particular. In addition, we also included two statements that evaluated scientists’ 

perceived level of communication skills to engage with non-scientific audiences. To test 

whether these variables could explain the variation in scientists’ future motivation towards 

policy engagement we carried out regression analysis.  

The results from the regression analysis that included all scientists who participated in our 

study imply that scientists’ attitude towards policy engagement has the largest influence on 

the future motivation. This indicates that scientists’ positive views regarding their role in 

policy-making, the perceived influence of policy engagement on policy outcomes and the high 

intrinsic value from policy engagement are the most important determinants of PRRI 

scientists’ future motivation to engage in policy-making. The variables measuring the 

perceived scientific literacy of policy makers, the moral duties of scientists in society and 

scientists’ perceptions regarding communication skills did not prove significant for our study 

population. Yet, our analysis that took into account regional differences indicates that 

perceptions regarding the scientific literacy of policy makers are significant in predicting the 

motivation of Asian scientists indicating the importance of this factor for scientists who come 

from different political and cultural backgrounds. In addition, our results show that next to 

the attitude, subjective norms and the perceived behavioural control are also significant 

(although to a lesser extent). Since both of these variables included the measures of perceived 

institutional support, these findings highlight the importance of the role that research 

institutions should play in encouraging scientists’ contribution to policy-making.  

 

 

Due to the characteristics of our sample, which included an international group of 

scientists working at public sector research institutes and universities, we also examined the 

possible influence of continents and employer in our regression model. The results indicate 

that regional differences play a significant role in defining which of the factors are relevant for 

predicting scientists’ motivation towards policy engagement. While the motivation of 

European, North American and South American scientists develops from their attitude 

towards policy engagement, the motivation of Asian and African scientists mostly depends on 

scientists’ assessment of subjective norms. These results indicate that scientists coming from 

different cultural backgrounds evaluate the importance of social approval of their policy 

engagement differently, and therefore strategies to encourage policy participation of these 

scientists may require stronger emphasis on understanding of scientists’ social environment.  

Finally, our results regarding the differences between scientists who work at public sector 

research institutes and those who work at universities also point out that different 

motivational factors are relevant for these two groups. While the motivation of scientists 

working at the public sector research institutes is mostly influenced by perceived behavioural 

control, the motivation of university scientists’ can be predicted from their attitude and 

subjective norms. These findings point out that tailor made motivation strategies are needed 

to encourage participation of scientists in policy-making in different regions and at different 

public sector research institutes (research institutes vs. academia). 

6.1.3 Do agricultural biotechnology scientists feel institutionally empowered to 
engage in policy-making and which institutional approaches (if any) are 
currently in place to encourage scientists’ contribution to policy-making? 

In order to assess to what extent agricultural biotechnology scientists feel institutionally 

supported in policy engagement we carried out two online surveys and 17 in-depth interviews. 

To assess scientists’ perceptions regarding institutional support we asked scientists to respond 

to several questions that assessed whether scientists received a time allowance for policy 

engagement and whether policy engagement had any professional benefits for them. To 

investigate what kind of institutional strategies (if any) are currently in place at public sector 

institutes and universities regarding policy engagement we asked scientists to respond to the 

following question: Does your organization have a strategy for facilitating involvement of 

scientists in policy-making? 
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following question: Does your organization have a strategy for facilitating involvement of 

scientists in policy-making? 
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Our results imply that scientists are divided on the question regarding the time allowance 

for policy engagement10. The Kruskal-Wallis test indicates that this variation can be explained 

by scientists’ age where scientists who are between 51-60 years old agree that they can be 

involved in policy as a part of their work. The characteristics of our study population together 

with the findings presented above indicate that senior scientists seem to be currently best 

equipped to adopt an active role in policy-making.  

The lack of institutional rewards for policy engagement was also recognized in the 

literature as a possible obstacle to scientists’ engagement in science outreach activities. It is 

argued that many scientists (especially those who are in the early stages of their career) do 

not regard engagement in science outreach activities as important since this activity is not a 

part of their professional evaluation criteria. In order to assess scientists’ perceptions 

regarding this issue we asked them to assess whether engagement in policy-making has any 

professional benefits for them. Our results show that the majority of PRRI scientists disagree 

that engagement in policy has no professional benefits for them11.  This finding contradicts 

the results of Gonzales and Nunez (2014) who found that most universities do not reward 

engagement in science outreach activities. Since our results do not provide any detailed 

information about what scientists regard as professional benefits and how these benefits are 

received, we recommend that future research examines the following question: What 

institutional reward mechanisms (if any) are currently in place at public sector institutes and 

universities to evaluate scientists’ engagement in science outreach activities? 

To assess scientists’ perceptions regarding the institutional support strategies for policy 

engagement we asked scientists to assess the following question: Does your 

university/research institute have a clear strategy for engagement of scientists in policy-

making? Our results from interviews imply that only three out of 17 public sector scientists 

felt that their institute/university has a clear strategy. Other scientists in our study indicated 

                                                           

10 While 29% of PRRI scientists agree that they do not receive any time allowance from their employer, 31% chose 
not to express their opinion on this question and 40% of PRRI members indicated that they do receive time from 
their employer to engage in policy-making. 

11 Our results suggest that 22% of PRRI scientists agree that engagement does not have any professional benefits 
for them, 15% of scientists provide neutral response and 63% of scientists disagree that policy engagement has 
no professional benefits for them. To test whether any demographic variable could explain the variation in 
answers we conducted a Kruskal Wallis test. The results suggest that none of the demographic characteristics 
can explain this variation.  

 

 

that although their institutes recognize the importance of engagement in science outreach 

activities there are no established procedures or clear rewards schemes that would guide 

scientists’ engagement in these activities. This finding points out to the gap between which 

activities are considered as important by research institutes and what concrete measures are 

in place to facilitate scientists’ involvement in these activities.  

6.1.4 What are the desirable traits/competences for meaningful engagement of 
public sector scientists in policy-making?  

The last specific research question provides insights regarding traits/competences that are 

desirable for meaningful engagement of public sector scientists in policy-making from the 

perspective of scientists who have experience with policy engagement. Chapter 5 examined 

this question qualitatively. Scientists proposed six traits to be desirable for a meaningful 

contribution of scientists to policy-making. These included: 1) appropriate technical 

education, 2) working experience in the international context, 3) patience, 4) understanding 

of the policy-making process, 5) membership in larger scientific networks and 6) 

communication competence. The importance of communication competences was discussed 

during many interviews. Our results indicate that successful communication in the policy-

making context requires that scientists 1) use short and focused messages, 2) stay unbiased 

and objective, 3) maintain credibility, 4) stay open minded, 5) are able to translate science 

into accessible words, 6) do not try to convince others but rather have an informative role, 7) 

stay honest and critical about their positions, 8) stay diplomatic, polite and careful and 9) try 

to employ humour into their communication style. 

6.2 Answers to the main research questions 

Successful transition to a biobased economy will not only require continuous progress in 

scientific innovations and technologies but also a favourable policy environment for 

implementation of the resulting applications. As the experience from agricultural 

biotechnology shows, the integration of scientific knowledge into policy decisions may 

become challenging as the number of policy stakeholders increases and their values regarding 

various policy options divide. This thesis aimed to answer the following main research 

questions: 1) Which active roles can scientists adopt in controversial policy-making and which 

of these roles do agricultural biotechnology scientists prefer to take? and 2) Which factors are 

relevant for the motivation of scientists to engage in policy-making? 
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This section attempts to synthetize the main thesis findings in light of the two theoretical 

frameworks that guided this work. As such, this thesis fulfils two main objectives. First, it 

provides a conceptual framework that can be used to identify which roles are available for 

scientists who are interested to participate in policy-making (and which of them is seen as 

socially desirable by scientists who have experience with policy engagement). Second, it offers 

a guide for institutions and/or organizations that want to encourage participation of scientists 

in policy-making by pointing to the areas that may require institutional interventions. Figure 

5 (p. 128) presents the flow chart that can be used to navigate decisions that are necessary 

for facilitating scientists’ participation in policy-making.  

Pielke (2007) proposes that the characteristics of policy-making contexts are relevant for 

determining the role of scientists in policy-making.  Based on the analysis of several policy-

making problems in the American policy-making context (i.e. including the climate change 

policy), Pielke (2007) distinguishes between policy-making contexts with scientific certainty 

and political consensus versus those where one or both are absent. Our study focused on a 

policy field that is characterized by a high level of certainty regarding scientific knowledge and 

by a low level of political consensus (Rainie et al. 2015, Giller 2016)12. As such, we elaborated 

on Pielke’s model distinguishing the variables regarding scientific certainty and political 

consensus. This is reflected on the top of the proposed flow chart with the objective to specify 

to which policy-making contexts our findings apply. 

The left side of the flow chart depicts the possible roles for scientists in policy-making 

proposed by Pielke (2007) assuming that scientists are interested in policy engagement. 

Building on Pielke (2007) and our empirical results we assume that scientists who belong to 

this part of the flow chart share a positive attitude towards policy engagement. The positive 

attitude is derived from moral views about the role of scientists in society in general and the 

role in policy-making in particular. Based on the empirical findings presented in this thesis, we 

propose to extend Pielke’s framework by adding an additional role for scientists in policy-

making, a so-called ‘integrative role’. This role proves to be the most preferred by scientists 

and combines the features of issue advocacy and honest brokering and encourages scientists 

to inform policy-making by 1) collecting scientific evidence, 2) identifying all available policy 

                                                           

12 For example, the findings reported by Rainie et al. (2015) indicate that while 88% of AAAS scientists believe 
that GM crops are safe to eat only 37% of US adult population shares this view 

 

 

alternatives that are supported by science, 3) reaching scientific consensus on which of these 

alternatives is the most preferred from the scientific point of view and 4) communicate about 

these alternatives with all policy stakeholders and explaining the impacts of different 

solutions. Our results, however, also show that scientists are not taking this role in practice, 

indicating a need for further support. Therefore, in the next level of the flow chart, we propose 

that in order to facilitate that scientists  adopt this role in practice institutional interventions 

are needed that address potential instrumental barriers that can be preventing scientists from 

taking this role. These barriers are empirically established,  and theoretically supported by the 

theory of planned behaviour. 

The right side of the flow chart presents the requirements that need to be considered for 

scientists who are not motivated to be engaged in policy-making. These requirements are also 

based on the theory of planned behaviour and supported by our empirical findings. This level 

suggests that research institutions and/or organizations that want to encourage policy 

contribution by scientists who are not motivated to participate in policy-making need to focus 

on increasing awareness of scientists regarding the moral aspects of their work (attitude). 

However, this does not necessarily mean that all scientists need to be engaged in policy-

making. Therefore, we recommend that institutes also consider establishing criteria to decide 

which scientists are best positioned to take a policy role. These criteria may consider scientists’ 

seniority, scientists’ interpersonal skills and scientists’ confidence about their communication 

competences. We also recommend that attention needs to be paid to the questions regarding 

the impact of policy engagement on scientists’ credibility (subjective norms) as these may be 

of high importance to scientists who are not interested in policy engagement. 

In the next part of the flow chart, we propose that institutions focus on instrumental 

barriers to scientists’ policy engagement (perceived behavioural control). These may include 

i.e. lack of time for policy engagement and the low level of self-confidence regarding 

communication skills. In the next section, we discuss what institutional strategies can be 

designed to support policy engagement and provide directions for future research.  
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alternatives that are supported by science, 3) reaching scientific consensus on which of these 
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solutions. Our results, however, also show that scientists are not taking this role in practice, 

indicating a need for further support. Therefore, in the next level of the flow chart, we propose 

that in order to facilitate that scientists  adopt this role in practice institutional interventions 

are needed that address potential instrumental barriers that can be preventing scientists from 

taking this role. These barriers are empirically established,  and theoretically supported by the 

theory of planned behaviour. 

The right side of the flow chart presents the requirements that need to be considered for 

scientists who are not motivated to be engaged in policy-making. These requirements are also 

based on the theory of planned behaviour and supported by our empirical findings. This level 

suggests that research institutions and/or organizations that want to encourage policy 

contribution by scientists who are not motivated to participate in policy-making need to focus 

on increasing awareness of scientists regarding the moral aspects of their work (attitude). 

However, this does not necessarily mean that all scientists need to be engaged in policy-

making. Therefore, we recommend that institutes also consider establishing criteria to decide 

which scientists are best positioned to take a policy role. These criteria may consider scientists’ 

seniority, scientists’ interpersonal skills and scientists’ confidence about their communication 

competences. We also recommend that attention needs to be paid to the questions regarding 

the impact of policy engagement on scientists’ credibility (subjective norms) as these may be 

of high importance to scientists who are not interested in policy engagement. 

In the next part of the flow chart, we propose that institutions focus on instrumental 

barriers to scientists’ policy engagement (perceived behavioural control). These may include 

i.e. lack of time for policy engagement and the low level of self-confidence regarding 

communication skills. In the next section, we discuss what institutional strategies can be 

designed to support policy engagement and provide directions for future research.  
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Figure 5 Flow chart indicating the preferred role of scientists in policy-making contexts that are characterized with 

high level of scientific certainty and low level of political consensus  including recommendations of aspects that are 

important for encouraging scientists’ contribution to policy-making (Based on Pielke, 2007 and Ajzen, 1991). 
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6.3 Discussion 

In this section, we discuss institutional interventions that can be employed in order to 

encourage scientists’ participation in policy-making. These are discussed in light of the 

theoretical propositions from the theory of planned behaviour.  

Strategies focusing on creating positive attitude towards policy engagement 

The empirical results presented in this thesis point out that scientists’ motivation to engage in 

policy-making might be influenced by various behavioural beliefs regarding policy 

engagement. Our results demonstrate that scientists whose research progress is influenced 

by the difficulties with regulatory compliance are likely to feel morally obliged to contribute 

to policy-making in order to ensure that their research is utilized for the well-being of the 

society. On the contrary, scientists who do not (yet) face regulatory difficulties, for example 

scientists who work on fundamental research that has not yet any clear societal application, 

may feel less motivated to spend time on policy engagement. Nevertheless, we argue that 

these scientists should also become more aware about the importance of science integration 

in policy debates.  

For example, (Michalopoulos et al. 2011) showed that the most cited reports that were 

initially considered to assess the desirability of biofuel use were mostly written by 

intergovernmental and non-governmental organizations and included only limited number of 

citations to the primary scientific data. There was much debate on the use of biofuels in spite 

of scientific reports that questioned the assumptions presented in these documents. Only 

recently, scientists working in this field directly articulated scientific arguments in policy-

making and this has started to change the moral assessment of biofuel use. This further 

highlights the importance of the arguments presented in this thesis that scientific data 

published in scientific journals can not be assumed sufficient to inform policy decisions. Early 

engagement of scientists in policy debates, through an integrative role, can contribute to 

designing of policy measures that reflect both societal as well as scientific views.  

In order to stimulate scientists who are not interested in policy engagement we propose 

that institutions need to focus on increasing the awareness of scientists about their role in 

society and about the potential impact of policy measures on the progress in their scientific 

field. This could be accomplished through dedicated training modules or through integration 

of attitude and moral related questions in existing courses and education curricula of young 
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that institutions need to focus on increasing the awareness of scientists about their role in 

society and about the potential impact of policy measures on the progress in their scientific 

field. This could be accomplished through dedicated training modules or through integration 

of attitude and moral related questions in existing courses and education curricula of young 
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scientists. In addition, scientific communities such as the Royal Academy or (inter)national 

domain related scientific organisations could organise special sessions or workshops to 

address these points.  

Finally, as articulated earlier not all scientists have to be involved in policy-making, yet we 

argue that it is desirable that all scientists are aware about the social implications of their 

scientific work. Therefore, we invite institutions to consider an approach (i.e. through 

dedicated courses in master curricula) that educate young scientists about the social and 

political aspects of their work.  

Strategies focusing on enhancing scientists’ subjective norms regarding policy engagement  

The results from our research also indicate that engagement in policy-making could negatively 

influence scientific credibility of scientists as perceived by their colleagues and employer. 

Therefore, creating an institutional environment that is supportive of scientists’ contribution 

to policy-making is also significant. In addition, a question regarding how scientists’ credibility 

in policy-making could be safeguarded is also important for strengthening the voice of science 

in policy-making. The results presented in this thesis suggest that scientists’ participation in 

large scientific networks, which are presenting the consensus of a wider scientific society, may 

positively influence scientists’ credibility in policy-making. In addition, our results also indicate 

that scientists believe that public sector research institutions should play an important role in 

ensuring the credibility of scientific advice that is used to inform policy. Most scientists who 

participated in our online survey agreed that scientists who contribute to informing of policy 

decisions should be accountable to the research institute for the policy statements they make. 

This is also reflected in our research regarding institutional arrangements for scientists’ policy 

engagement, where a strategy was suggested to appoint a senior scientist (for a certain 

period) who takes the responsibility for coordinating scientific contributions to policy-making. 

Attention to policy engagement in education programs will also help to create better 

understanding among scientists’ peers and colleagues about the importance of scientists’ 

policy contribution. 

 

  

 

 

Strategies increasing scientists’ perceived behavioural control  

The results presented in this thesis repeatedly pointed out that the ability of scientists to 

participate in policy-making is strongly influenced by the time scientists have available for 

policy engagement. Scientists who feel supported in their policy engagement by their 

employer have a higher motivation to engage in policy-making in the future – in spite of 

potential negative experiences. And indeed, scientists who feel that engagement in policy-

making negatively influence their professional development may be less inclined to engage. 

This means that designing institutional strategies that recognize the importance and reward 

scientists’ policy engagement will be critical to facilitate scientists’ contribution to policy-

making. The results from our interviews also stress that public sector research institutes 

should establish guidelines to decide how much time scientists should spend on policy 

engagement tasks.  

Communication competence was repeatedly mentioned as a necessary precondition for 

scientists’ policy engagement. Our results suggest that scientists’ communication styles play 

an important role in influencing scientists’ credibility in policy-making but also in establishing 

the dialogue between scientists and other policy stakeholders. To facilitate a dialogue with all 

policy stakeholders scientists will need to learn to translate scientific data into accessible 

words and to stay open to critically consider and carefully respond to all arguments provided 

against their scientific positions, distinguishing between scientific facts and unfounded 

assumptions. Hence programs focusing on advancing scientists’ communication skills should 

be included in the science education programs.  

6.4  Scientific and societal relevance  

This thesis contributes to science policy studies, science and technology studies, science 

communication studies and studies focusing on institutional organization. These contributions 

can be observed both on theoretical and practical levels. On the theoretical level, the 

presented studies advance the model of Pielke and connect it to the theory of planned 

behaviour. Earlier science policy studies literature and the science and technology studies 

literature theoretically explored the roles that scientists may take in policy-making yet limited 

studies have been carried out to explore how scientists feel themselves about these roles. In 

a similar vein, science communication literature attempted to assess the motivation of 

scientists to engage in science communication activities yet it neglected the importance of 
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scientists’ communication in the policy-making settings, neither did it provide an account as 

to how this could be done in practice. On the practical level, this thesis synthetizes knowledge 

from these fields to attempt the first conceptualization and empirical evaluation of the 

preconditions that are necessary for facilitating scientists’ policy engagement. Such 

engagement is desirable from a societal perspective, as it ensures that scientific innovations 

that are funded from taxpayers’ resources meet with scientifically sound regulatory 

environments. The case of agricultural biotechnology explored in this thesis suggests that 

unjustified regulatory frameworks may result in inefficient allocation of resources as well as 

delaying the needed societal and environmental benefits.   

6.4.1 Study limitations and opportunities for future research 

As with all studies we need to acknowledge this thesis’ limitations and hence want to suggest 

possible directions for future research. These limitations mostly concern the characteristics of 

the samples that were collected for this research. 

The quantitative data collected for the purpose of this pilot study is based on two scientific 

networks, including agricultural biotechnologists with a varying experience in policy 

engagement. While the inclusion of the network of PRRI enabled us to study opportunities 

and obstacles to scientists’ policy engagement from the perspective of scientists who have 

experience with policy engagement, it also has some limitations. Case study research has been 

recognized to suffer from a generalization problem meaning that the conclusions from our 

case studies are only valid for these two scientific networks and without further research can 

not be generalized to all scientists. In addition, both our samples are skewed towards more 

senior scientists perhaps indicating that senior scientists predominantly engage in science 

outreach activities. However, to validate this assumption future research needs to include 

more junior scientists in the study population.  

The study approaches (qualitative and quantitative) employed in this study can likely 

suffer from social desirability response bias, meaning that some participants in our study could 

have provided answers to our questions that they consider to be socially desirable rather than 

answers that reflect their true situation or views. Some of the methods that address this issue 

have been developed, including the method of force choice item, neutral questions and 

randomized response technique. Yet, a complete elimination of social desirability response 

bias seem to be difficult to achieve in practice (Nederhof 1985). Therefore, it is important that 

results are interpreted bearing the social desirability response bias in mind.   
 

 

The scientists who participated in our qualitative study were European scientists, and 

therefore the views they expressed cannot be generalized to scientists who live outside 

Europe. For this reason, we recommend that future qualitative research also includes 

scientists from other regions than Europe. Case studies examining scientists’ views regarding 

policy engagement in different countries could provide a more complete picture about the 

perceived opportunities and perceived obstacles regarding policy engagement and how other 

cultures deal with scientific evidence in policy-making.  

Since some of the questions in our questionnaire had a high number of neutral responses 

we speculate that some of the scientists had difficulties to properly understand these 

questions. Therefore, we stress that future studies ensure that questionnaire design is well 

tested with a sufficient amount of scientists, especially if the study populations includes 

scientists who come from different cultural backgrounds. 

The results show a clear need for institutional organisation, for which we made some 

suggestions. Further research should identify the best strategies and how they can be 

implemented most successfully.  

Finally, this thesis focused on the views of public sector scientists regarding policy 

engagement. Yet, policy-making debates regarding science and technology are also relevant 

to scientists who work in industry or who work for non-governmental organizations. 

Therefore, collecting views from these scientists would provide a more complete picture 

about scientists’ policy engagement and perhaps identify discrepancies regarding their views 

about how scientists’ policy engagement should be organized. 

 



133

6

Conclusions and discussion

 

 

scientists’ communication in the policy-making settings, neither did it provide an account as 

to how this could be done in practice. On the practical level, this thesis synthetizes knowledge 

from these fields to attempt the first conceptualization and empirical evaluation of the 

preconditions that are necessary for facilitating scientists’ policy engagement. Such 

engagement is desirable from a societal perspective, as it ensures that scientific innovations 

that are funded from taxpayers’ resources meet with scientifically sound regulatory 

environments. The case of agricultural biotechnology explored in this thesis suggests that 

unjustified regulatory frameworks may result in inefficient allocation of resources as well as 

delaying the needed societal and environmental benefits.   

6.4.1 Study limitations and opportunities for future research 

As with all studies we need to acknowledge this thesis’ limitations and hence want to suggest 

possible directions for future research. These limitations mostly concern the characteristics of 

the samples that were collected for this research. 

The quantitative data collected for the purpose of this pilot study is based on two scientific 

networks, including agricultural biotechnologists with a varying experience in policy 

engagement. While the inclusion of the network of PRRI enabled us to study opportunities 

and obstacles to scientists’ policy engagement from the perspective of scientists who have 

experience with policy engagement, it also has some limitations. Case study research has been 

recognized to suffer from a generalization problem meaning that the conclusions from our 

case studies are only valid for these two scientific networks and without further research can 

not be generalized to all scientists. In addition, both our samples are skewed towards more 

senior scientists perhaps indicating that senior scientists predominantly engage in science 

outreach activities. However, to validate this assumption future research needs to include 

more junior scientists in the study population.  

The study approaches (qualitative and quantitative) employed in this study can likely 

suffer from social desirability response bias, meaning that some participants in our study could 

have provided answers to our questions that they consider to be socially desirable rather than 

answers that reflect their true situation or views. Some of the methods that address this issue 

have been developed, including the method of force choice item, neutral questions and 

randomized response technique. Yet, a complete elimination of social desirability response 

bias seem to be difficult to achieve in practice (Nederhof 1985). Therefore, it is important that 

results are interpreted bearing the social desirability response bias in mind.   
 

 

The scientists who participated in our qualitative study were European scientists, and 

therefore the views they expressed cannot be generalized to scientists who live outside 

Europe. For this reason, we recommend that future qualitative research also includes 

scientists from other regions than Europe. Case studies examining scientists’ views regarding 

policy engagement in different countries could provide a more complete picture about the 

perceived opportunities and perceived obstacles regarding policy engagement and how other 

cultures deal with scientific evidence in policy-making.  

Since some of the questions in our questionnaire had a high number of neutral responses 

we speculate that some of the scientists had difficulties to properly understand these 

questions. Therefore, we stress that future studies ensure that questionnaire design is well 

tested with a sufficient amount of scientists, especially if the study populations includes 

scientists who come from different cultural backgrounds. 

The results show a clear need for institutional organisation, for which we made some 

suggestions. Further research should identify the best strategies and how they can be 

implemented most successfully.  

Finally, this thesis focused on the views of public sector scientists regarding policy 

engagement. Yet, policy-making debates regarding science and technology are also relevant 

to scientists who work in industry or who work for non-governmental organizations. 

Therefore, collecting views from these scientists would provide a more complete picture 

about scientists’ policy engagement and perhaps identify discrepancies regarding their views 

about how scientists’ policy engagement should be organized. 

 





References



 

 

 

 

References 
Ajzen, Icek. 1985. "From intentions to actions: A theory of planned behavior." In Action 

control, 11-39. Springer. 
Ajzen, Icek. 1991. "The theory of planned behavior."  Organizational Behavior and Human 

Decision Processes 50 (2):179-211. doi: http://dx.doi.org/10.1016/0749-
5978(91)90020-T. 

Ajzen, Icek. 2002. Constructing a TPB questionnaire: Conceptual and methodological 
considerations. 

Allio, Lorenzo, Bruce Ballantine, and Richard Meads. 2006. "Enhancing the role of science in 
the decision-making of the European Union."  Regulatory Toxicology and 
Pharmacology 44 (1):4-13. doi: http://dx.doi.org/10.1016/j.yrtph.2005.08.008. 

Ammann, Klaus. 2005. "Effects of biotechnology on biodiversity: herbicide-tolerant and 
insect-resistant GM crops."  Trends in Biotechnology 23 (8):388-394. doi: 
http://dx.doi.org/10.1016/j.tibtech.2005.06.008. 

Ammann, Klaus. 2014. "Genomic Misconception: a fresh look at the biosafety of transgenic 
and conventional crops. A plea for a process agnostic regulation."  New 
biotechnology 31 (1):1-17. doi: http://dx.doi.org/10.1016/j.nbt.2013.04.008. 

Anderson, Kym. 2010. "Economic impacts of policies affecting crop biotechnology and 
trade."  New biotechnology 27 (5):558-564. 

Andrews, Elisabeth, Alex Weaver, Daniel Hanley, Jeffrey Shamatha, and Ginger Melton. 
2005. "Scientists and public outreach: Participation, motivations, and impediments."  
Journal of Geoscience Education 53 (3):281. 

Ansell, Christopher, Rahsaan Maxwell, and Daniela Sicurelli. 2006. "Protesting food: NGOs 
and political mobilization in Europe."  What’s the beef:97-122. 

Apel, Andrew. 2010. "The costly benefits of opposing agricultural biotechnology."  New 
biotechnology 27 (5):635-640. 

Armitage, Christopher J, and Mark Conner. 2001. "Efficacy of the theory of planned 
behaviour: A meta‐analytic review."  British journal of social psychology 40 (4):471-
499. doi: http://dx.doi.org/10.1348/014466601164939. 

Arts, Bas, and Sandra Mack. 2003. "Environmental NGOs and the Biosafety Protocol: a case 
study on political influence."  European Environment 13 (1):19-33. doi: 
http://dx.doi.org/10.1002/eet.309. 

Atanassov, Atanas, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I Cohen, Vibha 
Dhawan, Reynaldo V Ebora, José Falck-Zepeda, Luis Herrera-Estrella, and John 
Komen. 2004a. "To reach  the poor: results from the next harvest study on 
genetically modified crops, public research, and policy implications." 

Atanassov, Atanas, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I Cohen, Vibha 
Dhawan, Reynaldo V Ebora, José Falck-Zepeda, Luis Herrera-Estrella, and John 
Komen. 2004b. To Reach the Poor: Results from the ISNAR-IFPRI Next Harvest Study 
on Genetically Modified Crops, Public Research and Policy Implications: International 
Food Policy Research Institute. 

Atanassov, Atanas, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I Cohen, Vibha 
Dhawan, Reynaldo V Ebora, José Falck-Zepeda, Luis Herrera-Estrella, and John 
Komen. 2004c. To Reach the Poor: Results from the ISNAR-IFPRI Next Harvest Study 



137

References

 

 

 

 

References 
Ajzen, Icek. 1985. "From intentions to actions: A theory of planned behavior." In Action 

control, 11-39. Springer. 
Ajzen, Icek. 1991. "The theory of planned behavior."  Organizational Behavior and Human 

Decision Processes 50 (2):179-211. doi: http://dx.doi.org/10.1016/0749-
5978(91)90020-T. 

Ajzen, Icek. 2002. Constructing a TPB questionnaire: Conceptual and methodological 
considerations. 

Allio, Lorenzo, Bruce Ballantine, and Richard Meads. 2006. "Enhancing the role of science in 
the decision-making of the European Union."  Regulatory Toxicology and 
Pharmacology 44 (1):4-13. doi: http://dx.doi.org/10.1016/j.yrtph.2005.08.008. 

Ammann, Klaus. 2005. "Effects of biotechnology on biodiversity: herbicide-tolerant and 
insect-resistant GM crops."  Trends in Biotechnology 23 (8):388-394. doi: 
http://dx.doi.org/10.1016/j.tibtech.2005.06.008. 

Ammann, Klaus. 2014. "Genomic Misconception: a fresh look at the biosafety of transgenic 
and conventional crops. A plea for a process agnostic regulation."  New 
biotechnology 31 (1):1-17. doi: http://dx.doi.org/10.1016/j.nbt.2013.04.008. 

Anderson, Kym. 2010. "Economic impacts of policies affecting crop biotechnology and 
trade."  New biotechnology 27 (5):558-564. 

Andrews, Elisabeth, Alex Weaver, Daniel Hanley, Jeffrey Shamatha, and Ginger Melton. 
2005. "Scientists and public outreach: Participation, motivations, and impediments."  
Journal of Geoscience Education 53 (3):281. 

Ansell, Christopher, Rahsaan Maxwell, and Daniela Sicurelli. 2006. "Protesting food: NGOs 
and political mobilization in Europe."  What’s the beef:97-122. 

Apel, Andrew. 2010. "The costly benefits of opposing agricultural biotechnology."  New 
biotechnology 27 (5):635-640. 

Armitage, Christopher J, and Mark Conner. 2001. "Efficacy of the theory of planned 
behaviour: A meta‐analytic review."  British journal of social psychology 40 (4):471-
499. doi: http://dx.doi.org/10.1348/014466601164939. 

Arts, Bas, and Sandra Mack. 2003. "Environmental NGOs and the Biosafety Protocol: a case 
study on political influence."  European Environment 13 (1):19-33. doi: 
http://dx.doi.org/10.1002/eet.309. 

Atanassov, Atanas, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I Cohen, Vibha 
Dhawan, Reynaldo V Ebora, José Falck-Zepeda, Luis Herrera-Estrella, and John 
Komen. 2004a. "To reach  the poor: results from the next harvest study on 
genetically modified crops, public research, and policy implications." 

Atanassov, Atanas, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I Cohen, Vibha 
Dhawan, Reynaldo V Ebora, José Falck-Zepeda, Luis Herrera-Estrella, and John 
Komen. 2004b. To Reach the Poor: Results from the ISNAR-IFPRI Next Harvest Study 
on Genetically Modified Crops, Public Research and Policy Implications: International 
Food Policy Research Institute. 

Atanassov, Atanas, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I Cohen, Vibha 
Dhawan, Reynaldo V Ebora, José Falck-Zepeda, Luis Herrera-Estrella, and John 
Komen. 2004c. To Reach the Poor: Results from the ISNAR-IFPRI Next Harvest Study 



138

References

 

 

on Genetically Modified Crops, Public Research and Policy Implications. Vol. 116: Intl 
Food Policy Res Inst. 

Bäck, Hanna, Marc Debus, and Jale Tosun. 2015. "Partisanship, Ministers, and Biotechnology 
Policy."  Review of Policy Research 32 (5):556-575. 

Barker, Derek. 2004. "The scholarship of engagement: A taxonomy of five emerging 
practices."  Journal of Higher Education Outreach and Engagement 9 (2):123-137. 

Bayer, Jessica C, George W Norton, and Jose B Falck-Zepeda. 2010. "Cost of compliance with 
biotechnology regulation in the Philippines: implications for developing countries."  
AgBioForum 13:53-62. 

Berg, Paul, David Baltimore, Sydney Brenner, Richard O Roblin, and Maxine F Singer. 1975. 
"Summary statement of the Asilomar conference on recombinant DNA molecules."  
Proceedings of the National Academy of Sciences 72 (6):1981-1984. 

Bergmans, Hans. 2006. "Basic framework for risk assessment for transgenic plants developed 
by the OECD: 20 years after the OECD “Blue Book”."  Environmental Biosafety 
Research 5 (04):213-218. 

Bernauer, Thomas, and Erika Meins. 2003. "Technological revolution meets policy and the 
market: Explaining cross-national differences in agricultural biotechnology 
regulation."  European Journal of Political Research 42 (5):643-683. doi: 
http://dx.doi.org/10.1111/1475-6765.00099. 

Besley, John C, Sang Hwa Oh, and Matthew Nisbet. 2012. "Predicting scientists’ participation 
in public life."  Public Understanding of Science. 

Boyer, Ernest, L. 1990. "Scholarship reconsidered: priorities of the professoriate."  Princeton, 
NJ: Carnegie Foundation for the Advancement of Teaching. 

Brownson, Ross C, Charles Royer, Reid Ewing, and Timothy D McBride. 2006. "Researchers 
and policymakers: travelers in parallel universes."  American Journal of Preventive 
Medicine 30 (2):164-172. 

Brussard, Peter F, and John C Tull. 2007. "Conservation biology and four types of advocacy."  
Conservation Biology 21 (1):21-24. 

Calleson, Diane C, Catherine Jordan, and Sarena D Seifer. 2005. "Community-engaged 
scholarship: Is faculty work in communities a true academic enterprise?"  Academic 
Medicine 80 (4):317-321. 

Cantley, Mark. 2012. "European attitudes on the regulation of modern biotechnology and 
their consequences."  GM Crops and Food: Biotechnology in Agriculture and the Food 
Chain 3 (1):40-47. 

Cantley, Mark F. 2008. The regulation of modern biotechnology: a historical and European 
perspective: a case study in how societies cope with new knowledge in the last 
quarter of the twentieth century: Wiley Online Library. 

Cantley, Mark F, and Drew L Kershen. 2013. "Regulatory systems and agricultural 
biotechnology."  Successful Agricultural Innovation in Emerging Economies: New 
Genetic Technologies for Global Food Production:267. 

Chapotin, Saharah Moon, and Jeffrey D Wolt. 2007. "Genetically modified crops for the 
bioeconomy: meeting public and regulatory expectations."  Transgenic research 16 
(6):675-688. 

Chilvers, Jason, and James Evans. 2009. "Understanding networks at the science–policy 
interface."  Geoforum 40 (3):355-362. 

 

 

Choi, B.C.K., T. Pang, V. Lin, P. Puska, G. Sherman, M. Goddard, M.J. Ackland, P. Sainsbury, S. 
Stachenko, and H. Morrison. 2005a. "Can scientists and policy makers work 
together?"  Journal of Epidemiology and Community Health 59 (8):632. 

Choi, Bernard CK, Tikki Pang, Vivian Lin, Pekka Puska, Gregory Sherman, Michael Goddard, 
Michael J Ackland, Peter Sainsbury, Sylvie Stachenko, and Howard Morrison. 2005b. 
"Can scientists and policy makers work together?"  Journal of Epidemiology and 
Community Health 59 (8):632-637. 

Cohen, Joel I. 2005. "Poorer nations turn to publicly developed GM crops."  Nature 
biotechnology 23 (1):27-33. 

Colbeck, Carol L, and Patty Wharton Michael. 2006. "The public scholarship: Reintegrating 
Boyer's four domains."  New Directions for Institutional Research 2006 (129):7-19. 

Commission, EU. 2010. A decade of EU-funded GMO research (2001 - 2010). Luxembourg: 
European Union. 

Conner, Mark, and Christopher J Armitage. 1998. "Extending the theory of planned behavior: 
A review and avenues for further research."  Journal of applied social psychology 28 
(15):1429-1464. 

Consmüller, Nicola, Volker Beckmann, and Martin Petrick. 2011. "Towards GMO-free 
landscapes? Identifying driving factors for the establishment of cooperative GMO-
free zones in Germany."  Vortrag anlässlich der 51 Jahrestagung der GEWISOLA 
“Unternehmereische Landwirtschaft zwishen Markanforderungen und 
gesellschaftlichen Erwartungen:16. 

Cortner, Hanna J. 2000. "Making science relevant to environmental policy."  Environmental 
Science & Policy 3 (1):21-30. 

Coumou, Hilde, Z van der Werf Kulichova, C Wehrmann, and P Osseweijer. 2014. "Science 
communication in policy making: A qualitative research about the motivation of 
academic biotech scientists to participate in policy making in Europe." 13th 
International Public Communication of Science and Technology Conference. 

Davison, John. 2010. "GM plants: Science, politics and EC regulations."  Plant Science 178 
(2):94-98. doi: http://dx.doi.org/10.1016/j.plantsci.2009.12.005. 

de Faria, Rosane Nunes, and Christine Wieck. 2015. "Empirical evidence on the trade impact 
of asynchronous regulatory approval of new GMO events."  Food Policy 53:22-32. 

De Greef, Willy. 2004a. "The Cartagena Protocol and the future of agbiotech."  Nat Biotech 
22 (7):811-812. 

De Greef, Willy. 2004b. "The Cartagena Protocol and the future of agbiotech."  Nature 
biotechnology 22 (7):811-812. 

Drezner, Daniel W. 2008. All politics is global: Cambridge Univ Press. 
Dubock, Adrian. 2014. "The present status of Golden Rice."  Journal of Huazhong Agricultural 

University 33 (6). 
Dudo, Anthony. 2012. "Toward a model of scientists’ public communication activity: the case 

of biomedical researchers."  Science Communication:1075547012460845. 
Ecklund, Elaine Howard, Sarah A James, and Anne E Lincoln. 2012. "How academic biologists 

and physicists view science outreach."  PLoS ONE 7 (5):e36240. 
Engels, Anita. 2005a. "The science-policy interface."  Integrated Assessment 5 (1). 
Engels, Anita. 2005b. The Science-Policy Interface, 2005. Expertise, Science Studies, 

Environmental Policy, Integrated Environmental Assessment, European Union. 



139

References

 

 

on Genetically Modified Crops, Public Research and Policy Implications. Vol. 116: Intl 
Food Policy Res Inst. 

Bäck, Hanna, Marc Debus, and Jale Tosun. 2015. "Partisanship, Ministers, and Biotechnology 
Policy."  Review of Policy Research 32 (5):556-575. 

Barker, Derek. 2004. "The scholarship of engagement: A taxonomy of five emerging 
practices."  Journal of Higher Education Outreach and Engagement 9 (2):123-137. 

Bayer, Jessica C, George W Norton, and Jose B Falck-Zepeda. 2010. "Cost of compliance with 
biotechnology regulation in the Philippines: implications for developing countries."  
AgBioForum 13:53-62. 

Berg, Paul, David Baltimore, Sydney Brenner, Richard O Roblin, and Maxine F Singer. 1975. 
"Summary statement of the Asilomar conference on recombinant DNA molecules."  
Proceedings of the National Academy of Sciences 72 (6):1981-1984. 

Bergmans, Hans. 2006. "Basic framework for risk assessment for transgenic plants developed 
by the OECD: 20 years after the OECD “Blue Book”."  Environmental Biosafety 
Research 5 (04):213-218. 

Bernauer, Thomas, and Erika Meins. 2003. "Technological revolution meets policy and the 
market: Explaining cross-national differences in agricultural biotechnology 
regulation."  European Journal of Political Research 42 (5):643-683. doi: 
http://dx.doi.org/10.1111/1475-6765.00099. 

Besley, John C, Sang Hwa Oh, and Matthew Nisbet. 2012. "Predicting scientists’ participation 
in public life."  Public Understanding of Science. 

Boyer, Ernest, L. 1990. "Scholarship reconsidered: priorities of the professoriate."  Princeton, 
NJ: Carnegie Foundation for the Advancement of Teaching. 

Brownson, Ross C, Charles Royer, Reid Ewing, and Timothy D McBride. 2006. "Researchers 
and policymakers: travelers in parallel universes."  American Journal of Preventive 
Medicine 30 (2):164-172. 

Brussard, Peter F, and John C Tull. 2007. "Conservation biology and four types of advocacy."  
Conservation Biology 21 (1):21-24. 

Calleson, Diane C, Catherine Jordan, and Sarena D Seifer. 2005. "Community-engaged 
scholarship: Is faculty work in communities a true academic enterprise?"  Academic 
Medicine 80 (4):317-321. 

Cantley, Mark. 2012. "European attitudes on the regulation of modern biotechnology and 
their consequences."  GM Crops and Food: Biotechnology in Agriculture and the Food 
Chain 3 (1):40-47. 

Cantley, Mark F. 2008. The regulation of modern biotechnology: a historical and European 
perspective: a case study in how societies cope with new knowledge in the last 
quarter of the twentieth century: Wiley Online Library. 

Cantley, Mark F, and Drew L Kershen. 2013. "Regulatory systems and agricultural 
biotechnology."  Successful Agricultural Innovation in Emerging Economies: New 
Genetic Technologies for Global Food Production:267. 

Chapotin, Saharah Moon, and Jeffrey D Wolt. 2007. "Genetically modified crops for the 
bioeconomy: meeting public and regulatory expectations."  Transgenic research 16 
(6):675-688. 

Chilvers, Jason, and James Evans. 2009. "Understanding networks at the science–policy 
interface."  Geoforum 40 (3):355-362. 

 

 

Choi, B.C.K., T. Pang, V. Lin, P. Puska, G. Sherman, M. Goddard, M.J. Ackland, P. Sainsbury, S. 
Stachenko, and H. Morrison. 2005a. "Can scientists and policy makers work 
together?"  Journal of Epidemiology and Community Health 59 (8):632. 

Choi, Bernard CK, Tikki Pang, Vivian Lin, Pekka Puska, Gregory Sherman, Michael Goddard, 
Michael J Ackland, Peter Sainsbury, Sylvie Stachenko, and Howard Morrison. 2005b. 
"Can scientists and policy makers work together?"  Journal of Epidemiology and 
Community Health 59 (8):632-637. 

Cohen, Joel I. 2005. "Poorer nations turn to publicly developed GM crops."  Nature 
biotechnology 23 (1):27-33. 

Colbeck, Carol L, and Patty Wharton Michael. 2006. "The public scholarship: Reintegrating 
Boyer's four domains."  New Directions for Institutional Research 2006 (129):7-19. 

Commission, EU. 2010. A decade of EU-funded GMO research (2001 - 2010). Luxembourg: 
European Union. 

Conner, Mark, and Christopher J Armitage. 1998. "Extending the theory of planned behavior: 
A review and avenues for further research."  Journal of applied social psychology 28 
(15):1429-1464. 

Consmüller, Nicola, Volker Beckmann, and Martin Petrick. 2011. "Towards GMO-free 
landscapes? Identifying driving factors for the establishment of cooperative GMO-
free zones in Germany."  Vortrag anlässlich der 51 Jahrestagung der GEWISOLA 
“Unternehmereische Landwirtschaft zwishen Markanforderungen und 
gesellschaftlichen Erwartungen:16. 

Cortner, Hanna J. 2000. "Making science relevant to environmental policy."  Environmental 
Science & Policy 3 (1):21-30. 

Coumou, Hilde, Z van der Werf Kulichova, C Wehrmann, and P Osseweijer. 2014. "Science 
communication in policy making: A qualitative research about the motivation of 
academic biotech scientists to participate in policy making in Europe." 13th 
International Public Communication of Science and Technology Conference. 

Davison, John. 2010. "GM plants: Science, politics and EC regulations."  Plant Science 178 
(2):94-98. doi: http://dx.doi.org/10.1016/j.plantsci.2009.12.005. 

de Faria, Rosane Nunes, and Christine Wieck. 2015. "Empirical evidence on the trade impact 
of asynchronous regulatory approval of new GMO events."  Food Policy 53:22-32. 

De Greef, Willy. 2004a. "The Cartagena Protocol and the future of agbiotech."  Nat Biotech 
22 (7):811-812. 

De Greef, Willy. 2004b. "The Cartagena Protocol and the future of agbiotech."  Nature 
biotechnology 22 (7):811-812. 

Drezner, Daniel W. 2008. All politics is global: Cambridge Univ Press. 
Dubock, Adrian. 2014. "The present status of Golden Rice."  Journal of Huazhong Agricultural 

University 33 (6). 
Dudo, Anthony. 2012. "Toward a model of scientists’ public communication activity: the case 

of biomedical researchers."  Science Communication:1075547012460845. 
Ecklund, Elaine Howard, Sarah A James, and Anne E Lincoln. 2012. "How academic biologists 

and physicists view science outreach."  PLoS ONE 7 (5):e36240. 
Engels, Anita. 2005a. "The science-policy interface."  Integrated Assessment 5 (1). 
Engels, Anita. 2005b. The Science-Policy Interface, 2005. Expertise, Science Studies, 

Environmental Policy, Integrated Environmental Assessment, European Union. 



140

References

 

 

Epstein, Steven. 1995. "The construction of lay expertise: AIDS activism and the forging of 
credibility in the reform of clinical trials."  Science, Technology & Human Values 20 
(4):408-437. 

Eurobarometer. 2005. "Europeans, Science and Technology."  European Commission, June. 
Eurobarometer. 2010. "Europeans, Science and Technology."  European Commission, June. 
Fagerström, Torbjörn, Christina Dixelius, Ulf Magnusson, and Jens F. Sundström. 2012. "Stop 

worrying; start growing: Risk research on GM crops is a dead parrot: it is time to start 
reaping the benefits of GM."  EMBO Reports 13 (6):493-497. doi: 
10.1038/embor.2012.59. 

Falck-Zepeda, Jose Benjamin, Jose M Yorobe Jr, Abraham Manalo, Godfrey Ramon, 
Bahagiawati Amirsuhin, Erna M Lokollo, and Patricia Zambrano. 2007. "The Cost of 
Compliance with Biosafety Regulations in Indonesia and The Philippines." 2007 
Annual Meeting, July 29-August 1, 2007, Portland, Oregon TN. 

Falck-Zepeda, Jose, Jose Yorobe Jr, Bahagiawati Amir Husin, Abraham Manalo, Erna Lokollo, 
Godfrey Ramon, Patricia Zambrano, and Sutrisno. 2012. "Estimates and implications 
of the costs of compliance with biosafety regulations in developing countries."  GM 
crops & food 3 (1):52-59. 

Fedoroff, Nina V, and Roger Beachy. 2012. "Facilitating market access for GE crops 
developed through public sector research." In Regulation of Agricultural 
Biotechnology: The United States and Canada, 377-390. Springer. 

Foote, Lee, Naomi Krogman, and John Spence. 2009a. "Should Academics Advocate on 
Environmental Issues?"  Society & Natural Resources: An International Journal 22 
(6):579 - 589. 

Foote, Lee, Naomi Krogman, and John Spence. 2009b. "Should academics advocate on 
environmental issues?"  Society and Natural Resources 22 (6):579-589. 

Francis, Jillian J, Martin P Eccles, Marie Johnston, Anne Walker, JM Grimshaw, Robbie Foy, 
Eileen FS Kaner, Liz Smith, and Debbie Bonetti. 2004. "Constructing questionnaires 
based on the theory of planned behaviour."  A manual for health services researchers 
2010:2-12. 

Funk, C, L Rainie, and D Page. 2015. "Public and Scientists’ Views on Science and Society."  
Pew Research Center http://www. pewinternet. org/2015/01/29/public-and-
scientists-views-on-science-and-society. 

Funk, Cary, and Lee Rainie. 2015. "Public and scientists’ views on science and society."  Pew 
Research Center 29. 

Gaskell, George, Sally Stares, Agnes Allansdottir, Nick Allum, Paula Castro, Yilmaz Esmer, 
Claude Fischler, Jonathan Jackson, Nicole Kronberger, and Jürgen Hampel. 2010. 
"Europeans and Biotechnology in 2010 Winds of change?". 

Gibbons, Philip, Charlie Zammit, Kara Youngentob, Hugh P Possingham, David B 
Lindenmayer, Sarah Bekessy, Mark Burgman, Mark Colyvan, Margaret Considine, and 
Adam Felton. 2008. "Some practical suggestions for improving engagement between 
researchers and policy‐makers in natural resource management."  Ecological 
Management & Restoration 9 (3):182-186. 

Gieryn, Thomas F. 1983. "Boundary-Work and the Demarcation of Science from Non-
Science: Strains and Interests in Professional Ideologies of Scientists."  American 
Sociological Review 48 (6):781-795. 

 

 

Giller, KE. 2016. Genetically Engineered Crops: Experiences and Prospects. National 
Academies of Sciences, Engineering, and Medicine. 

Godfray, H. Charles J., John R. Beddington, Ian R. Crute, Lawrence Haddad, David Lawrence, 
James F. Muir, Jules Pretty, Sherman Robinson, Sandy M. Thomas, and Camilla 
Toulmin. 2010. "Food Security: The Challenge of Feeding 9 Billion People."  Science 
327 (5967):812-818. doi: 10.1126/science.1185383. 

Goertzel, Ted. 2010. "Conspiracy theories in science."  EMBO Reports 11 (7):493-499. 
Gonsalves, Carol, David R Lee, and Dennis Gonsalves. 2007. "The Adoption of genetically 

modified papaya in Hawaii and its implications for developing countries 1."  Journal 
of Development Studies 43 (1):177-191. 

Gonzales, L. D., and A. M. Núñez. 2014. "The ranking regime and the production of 
knowledge: Implications for academia."  Education Policy Analysis Archives 22. doi: 
10.14507/epaa.v22n31.2014. 

Gornitzka, Åse, and Ulf Sverdrup. 2010. Enlightened Decision Making. The Role of Scientists 
in EU Governance. In ARENA Working Paper. Oslo: University of Oslo. 

Gottweis, Herbert. 2005. "Regulating genomics in the 21st century: from logos to pathos?"  
Trends in Biotechnology 23 (3):118-121. 

Gottweis, Herbert. 2008. "Participation and the new governance of life."  BioSocieties 3 
(3):265-286. 

Graff, Gregory D, Gal Hochman, and David Zilberman. 2009. "The political economy of 
agricultural biotechnology policies."  AgBioForum 12:34-46. 

Gruère, Guillaume, and Debdatta Sengupta. 2009. "GM-free private standards and their 
effects on biosafety decision-making in developing countries."  Food Policy 34 
(5):399-406. 

Haas, Peter. 2004a. "When does power listen to truth? A constructivist approach to the 
policy process."  Journal of European Public Policy 11 (4):569-592. 

Haas, Peter M. 1992a. "Introduction: Epistemic Communities and International Policy 
Coordination."  International Organization 46 (1):1-35. 

Haas, Peter M. 1992b. "Introduction: epistemic communities and international policy 
coordination."  International Organization 46 (01):1-35. doi: 
doi:10.1017/S0020818300001442. 

Haas, Peter M. 2004b. "When does power listen to truth? A constructivist approach to the 
policy process."  Journal of European Public Policy 11 (4):569-592. 

Hammond, Edward. 2010. Problems with Genetically Engineered (GE) Crops in the Field. 
Amsterdam: Greenpeace. 

Hartung, Frank, and Joachim Schiemann. 2014. "Precise plant breeding using new genome 
editing techniques: opportunities, safety and regulation in the EU."  The Plant Journal 
78 (5):742-752. 

Hoffmann-Riem, Holger, and Brian Wynne. 2002. "In risk assessment, one has to admit 
ignorance."  Nature 416 (6877):123-123. 

Holifield, Ryan. 2009. "How to speak for aquifers and people at the same time: 
Environmental justice and counter-network formation at a hazardous waste site."  
Geoforum 40 (3):363-372. doi: http://dx.doi.org/10.1016/j.geoforum.2008.02.005. 

Holmes, John, and Rebecca Clark. 2008. "Enhancing the use of science in environmental 
policy-making and regulation."  Environmental Science & Policy 11 (8):702-711. 



141

References

 

 

Epstein, Steven. 1995. "The construction of lay expertise: AIDS activism and the forging of 
credibility in the reform of clinical trials."  Science, Technology & Human Values 20 
(4):408-437. 

Eurobarometer. 2005. "Europeans, Science and Technology."  European Commission, June. 
Eurobarometer. 2010. "Europeans, Science and Technology."  European Commission, June. 
Fagerström, Torbjörn, Christina Dixelius, Ulf Magnusson, and Jens F. Sundström. 2012. "Stop 

worrying; start growing: Risk research on GM crops is a dead parrot: it is time to start 
reaping the benefits of GM."  EMBO Reports 13 (6):493-497. doi: 
10.1038/embor.2012.59. 

Falck-Zepeda, Jose Benjamin, Jose M Yorobe Jr, Abraham Manalo, Godfrey Ramon, 
Bahagiawati Amirsuhin, Erna M Lokollo, and Patricia Zambrano. 2007. "The Cost of 
Compliance with Biosafety Regulations in Indonesia and The Philippines." 2007 
Annual Meeting, July 29-August 1, 2007, Portland, Oregon TN. 

Falck-Zepeda, Jose, Jose Yorobe Jr, Bahagiawati Amir Husin, Abraham Manalo, Erna Lokollo, 
Godfrey Ramon, Patricia Zambrano, and Sutrisno. 2012. "Estimates and implications 
of the costs of compliance with biosafety regulations in developing countries."  GM 
crops & food 3 (1):52-59. 

Fedoroff, Nina V, and Roger Beachy. 2012. "Facilitating market access for GE crops 
developed through public sector research." In Regulation of Agricultural 
Biotechnology: The United States and Canada, 377-390. Springer. 

Foote, Lee, Naomi Krogman, and John Spence. 2009a. "Should Academics Advocate on 
Environmental Issues?"  Society & Natural Resources: An International Journal 22 
(6):579 - 589. 

Foote, Lee, Naomi Krogman, and John Spence. 2009b. "Should academics advocate on 
environmental issues?"  Society and Natural Resources 22 (6):579-589. 

Francis, Jillian J, Martin P Eccles, Marie Johnston, Anne Walker, JM Grimshaw, Robbie Foy, 
Eileen FS Kaner, Liz Smith, and Debbie Bonetti. 2004. "Constructing questionnaires 
based on the theory of planned behaviour."  A manual for health services researchers 
2010:2-12. 

Funk, C, L Rainie, and D Page. 2015. "Public and Scientists’ Views on Science and Society."  
Pew Research Center http://www. pewinternet. org/2015/01/29/public-and-
scientists-views-on-science-and-society. 

Funk, Cary, and Lee Rainie. 2015. "Public and scientists’ views on science and society."  Pew 
Research Center 29. 

Gaskell, George, Sally Stares, Agnes Allansdottir, Nick Allum, Paula Castro, Yilmaz Esmer, 
Claude Fischler, Jonathan Jackson, Nicole Kronberger, and Jürgen Hampel. 2010. 
"Europeans and Biotechnology in 2010 Winds of change?". 

Gibbons, Philip, Charlie Zammit, Kara Youngentob, Hugh P Possingham, David B 
Lindenmayer, Sarah Bekessy, Mark Burgman, Mark Colyvan, Margaret Considine, and 
Adam Felton. 2008. "Some practical suggestions for improving engagement between 
researchers and policy‐makers in natural resource management."  Ecological 
Management & Restoration 9 (3):182-186. 

Gieryn, Thomas F. 1983. "Boundary-Work and the Demarcation of Science from Non-
Science: Strains and Interests in Professional Ideologies of Scientists."  American 
Sociological Review 48 (6):781-795. 

 

 

Giller, KE. 2016. Genetically Engineered Crops: Experiences and Prospects. National 
Academies of Sciences, Engineering, and Medicine. 

Godfray, H. Charles J., John R. Beddington, Ian R. Crute, Lawrence Haddad, David Lawrence, 
James F. Muir, Jules Pretty, Sherman Robinson, Sandy M. Thomas, and Camilla 
Toulmin. 2010. "Food Security: The Challenge of Feeding 9 Billion People."  Science 
327 (5967):812-818. doi: 10.1126/science.1185383. 

Goertzel, Ted. 2010. "Conspiracy theories in science."  EMBO Reports 11 (7):493-499. 
Gonsalves, Carol, David R Lee, and Dennis Gonsalves. 2007. "The Adoption of genetically 

modified papaya in Hawaii and its implications for developing countries 1."  Journal 
of Development Studies 43 (1):177-191. 

Gonzales, L. D., and A. M. Núñez. 2014. "The ranking regime and the production of 
knowledge: Implications for academia."  Education Policy Analysis Archives 22. doi: 
10.14507/epaa.v22n31.2014. 

Gornitzka, Åse, and Ulf Sverdrup. 2010. Enlightened Decision Making. The Role of Scientists 
in EU Governance. In ARENA Working Paper. Oslo: University of Oslo. 

Gottweis, Herbert. 2005. "Regulating genomics in the 21st century: from logos to pathos?"  
Trends in Biotechnology 23 (3):118-121. 

Gottweis, Herbert. 2008. "Participation and the new governance of life."  BioSocieties 3 
(3):265-286. 

Graff, Gregory D, Gal Hochman, and David Zilberman. 2009. "The political economy of 
agricultural biotechnology policies."  AgBioForum 12:34-46. 

Gruère, Guillaume, and Debdatta Sengupta. 2009. "GM-free private standards and their 
effects on biosafety decision-making in developing countries."  Food Policy 34 
(5):399-406. 

Haas, Peter. 2004a. "When does power listen to truth? A constructivist approach to the 
policy process."  Journal of European Public Policy 11 (4):569-592. 

Haas, Peter M. 1992a. "Introduction: Epistemic Communities and International Policy 
Coordination."  International Organization 46 (1):1-35. 

Haas, Peter M. 1992b. "Introduction: epistemic communities and international policy 
coordination."  International Organization 46 (01):1-35. doi: 
doi:10.1017/S0020818300001442. 

Haas, Peter M. 2004b. "When does power listen to truth? A constructivist approach to the 
policy process."  Journal of European Public Policy 11 (4):569-592. 

Hammond, Edward. 2010. Problems with Genetically Engineered (GE) Crops in the Field. 
Amsterdam: Greenpeace. 

Hartung, Frank, and Joachim Schiemann. 2014. "Precise plant breeding using new genome 
editing techniques: opportunities, safety and regulation in the EU."  The Plant Journal 
78 (5):742-752. 

Hoffmann-Riem, Holger, and Brian Wynne. 2002. "In risk assessment, one has to admit 
ignorance."  Nature 416 (6877):123-123. 

Holifield, Ryan. 2009. "How to speak for aquifers and people at the same time: 
Environmental justice and counter-network formation at a hazardous waste site."  
Geoforum 40 (3):363-372. doi: http://dx.doi.org/10.1016/j.geoforum.2008.02.005. 

Holmes, John, and Rebecca Clark. 2008. "Enhancing the use of science in environmental 
policy-making and regulation."  Environmental Science & Policy 11 (8):702-711. 



142

References

 

 

Jacobson, Nora, Dale Butterill, and Paula Goering. 2004. "Organizational factors that 
influence university-based researchers’ engagement in knowledge transfer 
activities."  Science Communication 25 (3):246-259. 

Jaffe, Gregory. 2004. "Regulating Transgenic Crops: A Comparative Analysis of Different 
Regulatory Processes."  Transgenic Research 13 (1):5-19. doi: 
10.1023/B:TRAG.0000017198.80801.fb. 

Jaffe, Gregory. 2006. "Regulatory slowdown on GM crop decisions."  Nat Biotech 24 (7):748-
749. doi: http://www.nature.com/nbt/journal/v24/n7/suppinfo/nbt0706-
748_S1.html. 

James, Clive. 2014. Global status of commercialized biotech/GM crops: 2014: International 
Service for the Acquisition of Agri-biotech Applications (ISAAA) Ithaca, NY, USA. 

Jasanoff, Sheila S. 1987. "Contested boundaries in policy-relevant science."  Social Studies of 
Science 17 (2):195-230. 

Jensen, Pablo, Jean-Baptiste Rouquier, Pablo Kreimer, and Yves Croissant. 2008. "Scientists 
who engage with society perform better academically."  Science and Public Policy 35 
(7):527-541. 

Jikun Huang, Ruifa Hu, Scott Rozelle, and Carl Pray. 2008. "Genetically Modified Rice, Yields, 
and Pesticides: Assessing Farm‐Level Productivity Effects in China."  Economic 
Development and Cultural Change 56 (2):241-263. doi: 10.1086/522898. 

Kalaitzandonakes, Nicholas, Julian M Alston, and Kent J Bradford. 2007. "Compliance costs 
for regulatory approval of new biotech crops."  Nature biotechnology 25 (5):509-511. 

Kalaitzandonakes, Nicholas, JulianM Alston, and KentJ Bradford. 2006. "Compliance Costs for 
Regulatory Approval of New Biotech Crops." In Regulating Agricultural 
Biotechnology: Economics and Policy, edited by RichardE Just, JulianM Alston and 
David Zilberman, 37-57. Springer US. 

Kikulwe, Enoch, Justus Wesseler, and José Falck-Zepeda. 2008. Introducing a genetically 
modified banana in Uganda: Social benefits, costs, and consumer perceptions: Intl 
Food Policy Res Inst. 

Kline, Keith L, Siwa Msangi, Virginia H Dale, Jeremy Woods, Glaucia M Souza, Patricia 
Osseweijer, Joy S Clancy, Jorge A Hilbert, Francis X Johnson, and Patrick C McDonnell. 
2016. "Reconciling food security and bioenergy: priorities for action."  GCB 
Bioenergy. 

Krimsky, Sheldon. 2015. "An Illusory Consensus behind GMO Health Assessment."  Science, 
Technology & Human Values:0162243915598381. 

Kulichova, Zuzana, and Piet Van der Meer. 2010. "Involving public sector research in 
regulations and international 

negotiations on biotechnology."  IOBC/wprs Bulletin 52 (2010):71-73. 
Kuntz, Marcel, John Davison, and Agnès E Ricroch. 2013. "What the French ban of Bt 

MON810 maize means for science-based risk assessment."  Nature biotechnology 31 
(6):498-500. 

Lach, Denise, Peter List, Brent Steel, and Bruce Shindler. 2003. "Advocacy and credibility of 
ecological scientists in resource decisionmaking: a regional study."  BioScience 53 
(2):170-178. 

Lackey, Robert T. 2007. "Science, Scientists, and Policy Advocacy."  Conservation Biology 21 
(1):12-17. doi: 10.1111/j.1523-1739.2006.00639.x. 

 

 

Lam, Alice. 2011. "What motivates academic scientists to engage in research 
commercialization:‘Gold’,‘ribbon’or ‘puzzle’?"  Research Policy 40 (10):1354-1368. 

Langeveld, JWA, J Dixon, and JF Jaworski. 2010. "Development perspectives of the biobased 
economy: a review."  Crop Science 50 (Supplement_1):S-142-S-151. 

Lavis, John N, Dave Robertson, Jennifer M Woodside, Christopher B McLeod, and Julia 
Abelson. 2003. "How can research organizations more effectively transfer research 
knowledge to decision makers?"  Milbank Quarterly 81 (2):221-248. 

Levidow, Les, Susan Carr, and David Wield. 2005. "European Union regulation of agri-
biotechnology: precautionary links between science, expertise and policy."  Science 
and Public Policy 32 (4):261-276. 

Liberatore, Angela, and Silvio Funtowicz. 2003. 
"‘Democratising’expertise,‘expertising’democracy: What does this mean, and why 
bother?"  Science and Public Policy 30 (3):146-150. 

Lovbrand, Eva, Roger Pielke, and Silke Beck. 2010. "A Democracy Paradox in Studies of 
Science and Technology."  Science, Technology & Human Values 36 (4):474-496. doi: 
10.1177/0162243910366154. 

Maasen, Sabine, and Peter Weingart. 2005. Democratization of expertise?: exploring novel 
forms of scientific advice in political decision-making. Vol. 24: Springer. 

Mackenzie, Ruth, and Alfonso Ascencio. 2003. An explanatory guide to the Cartagena 
Protocol on Biosafety: IUCN. 

Malone, Thomas W., and Kevin Crowston. 1994. "The interdisciplinary study of 
coordination."  ACM Comput. Surv. 26 (1):87-119. doi: 10.1145/174666.174668. 

Margarita, Escaler. 2012. "Challenges of Harmonization of Agricultural Biotechnology 
Regulatory Systems across APEC Economies."  Biosafety. 

Martín-Sempere, María José, Belén Garzón-García, and Jesús Rey-Rocha. 2008. "Scientists' 
motivation to communicate science and technology to the public: surveying 
participants at the Madrid Science Fair."  Public Understanding of Science 17 (3):349-
367. 

Masip, Gemma, Maite Sabalza, Eduard Pérez-Massot, Raviraj Banakar, David Cebrian, 
Richard M Twyman, Teresa Capell, Ramon Albajes, and Paul Christou. 2013. 
"Paradoxical EU agricultural policies on genetically engineered crops."  Trends in 
plant science. 

Mathews, Debra J. H., Andrea Kalfoglou, and Kathy Hudson. 2005a. "Geneticists' views on 
science policy formation and public outreach."  American Journal of Medical Genetics 
Part A 137A (2):161-169. doi: 10.1002/ajmg.a.30849. 

Mathews, Debra JH, Andrea Kalfoglou, and Kathy Hudson. 2005b. "Geneticists' views on 
science policy formation and public outreach."  American Journal of Medical Genetics 
Part A 137 (2):161-169. 

Matten, Sharlene R, Graham P Head, and Hector D Quemada. 2008. "How governmental 
regulation can help or hinder the integration of Bt crops within IPM programs." In 
Integration of Insect-Resistant Genetically Modified Crops within IPM Programs, 27-
39. Springer. 

Maxwell, Simon, and Diane L Stone. 2004. Global knowledge networks and international 
development. Vol. 7: Routledge. 

McCormick, Kes, and Niina Kautto. 2013. "The bioeconomy in Europe: An overview."  
Sustainability 5 (6):2589-2608. 



143

References

 

 

Jacobson, Nora, Dale Butterill, and Paula Goering. 2004. "Organizational factors that 
influence university-based researchers’ engagement in knowledge transfer 
activities."  Science Communication 25 (3):246-259. 

Jaffe, Gregory. 2004. "Regulating Transgenic Crops: A Comparative Analysis of Different 
Regulatory Processes."  Transgenic Research 13 (1):5-19. doi: 
10.1023/B:TRAG.0000017198.80801.fb. 

Jaffe, Gregory. 2006. "Regulatory slowdown on GM crop decisions."  Nat Biotech 24 (7):748-
749. doi: http://www.nature.com/nbt/journal/v24/n7/suppinfo/nbt0706-
748_S1.html. 

James, Clive. 2014. Global status of commercialized biotech/GM crops: 2014: International 
Service for the Acquisition of Agri-biotech Applications (ISAAA) Ithaca, NY, USA. 

Jasanoff, Sheila S. 1987. "Contested boundaries in policy-relevant science."  Social Studies of 
Science 17 (2):195-230. 

Jensen, Pablo, Jean-Baptiste Rouquier, Pablo Kreimer, and Yves Croissant. 2008. "Scientists 
who engage with society perform better academically."  Science and Public Policy 35 
(7):527-541. 

Jikun Huang, Ruifa Hu, Scott Rozelle, and Carl Pray. 2008. "Genetically Modified Rice, Yields, 
and Pesticides: Assessing Farm‐Level Productivity Effects in China."  Economic 
Development and Cultural Change 56 (2):241-263. doi: 10.1086/522898. 

Kalaitzandonakes, Nicholas, Julian M Alston, and Kent J Bradford. 2007. "Compliance costs 
for regulatory approval of new biotech crops."  Nature biotechnology 25 (5):509-511. 

Kalaitzandonakes, Nicholas, JulianM Alston, and KentJ Bradford. 2006. "Compliance Costs for 
Regulatory Approval of New Biotech Crops." In Regulating Agricultural 
Biotechnology: Economics and Policy, edited by RichardE Just, JulianM Alston and 
David Zilberman, 37-57. Springer US. 

Kikulwe, Enoch, Justus Wesseler, and José Falck-Zepeda. 2008. Introducing a genetically 
modified banana in Uganda: Social benefits, costs, and consumer perceptions: Intl 
Food Policy Res Inst. 

Kline, Keith L, Siwa Msangi, Virginia H Dale, Jeremy Woods, Glaucia M Souza, Patricia 
Osseweijer, Joy S Clancy, Jorge A Hilbert, Francis X Johnson, and Patrick C McDonnell. 
2016. "Reconciling food security and bioenergy: priorities for action."  GCB 
Bioenergy. 

Krimsky, Sheldon. 2015. "An Illusory Consensus behind GMO Health Assessment."  Science, 
Technology & Human Values:0162243915598381. 

Kulichova, Zuzana, and Piet Van der Meer. 2010. "Involving public sector research in 
regulations and international 

negotiations on biotechnology."  IOBC/wprs Bulletin 52 (2010):71-73. 
Kuntz, Marcel, John Davison, and Agnès E Ricroch. 2013. "What the French ban of Bt 

MON810 maize means for science-based risk assessment."  Nature biotechnology 31 
(6):498-500. 

Lach, Denise, Peter List, Brent Steel, and Bruce Shindler. 2003. "Advocacy and credibility of 
ecological scientists in resource decisionmaking: a regional study."  BioScience 53 
(2):170-178. 

Lackey, Robert T. 2007. "Science, Scientists, and Policy Advocacy."  Conservation Biology 21 
(1):12-17. doi: 10.1111/j.1523-1739.2006.00639.x. 

 

 

Lam, Alice. 2011. "What motivates academic scientists to engage in research 
commercialization:‘Gold’,‘ribbon’or ‘puzzle’?"  Research Policy 40 (10):1354-1368. 

Langeveld, JWA, J Dixon, and JF Jaworski. 2010. "Development perspectives of the biobased 
economy: a review."  Crop Science 50 (Supplement_1):S-142-S-151. 

Lavis, John N, Dave Robertson, Jennifer M Woodside, Christopher B McLeod, and Julia 
Abelson. 2003. "How can research organizations more effectively transfer research 
knowledge to decision makers?"  Milbank Quarterly 81 (2):221-248. 

Levidow, Les, Susan Carr, and David Wield. 2005. "European Union regulation of agri-
biotechnology: precautionary links between science, expertise and policy."  Science 
and Public Policy 32 (4):261-276. 

Liberatore, Angela, and Silvio Funtowicz. 2003. 
"‘Democratising’expertise,‘expertising’democracy: What does this mean, and why 
bother?"  Science and Public Policy 30 (3):146-150. 

Lovbrand, Eva, Roger Pielke, and Silke Beck. 2010. "A Democracy Paradox in Studies of 
Science and Technology."  Science, Technology & Human Values 36 (4):474-496. doi: 
10.1177/0162243910366154. 

Maasen, Sabine, and Peter Weingart. 2005. Democratization of expertise?: exploring novel 
forms of scientific advice in political decision-making. Vol. 24: Springer. 

Mackenzie, Ruth, and Alfonso Ascencio. 2003. An explanatory guide to the Cartagena 
Protocol on Biosafety: IUCN. 

Malone, Thomas W., and Kevin Crowston. 1994. "The interdisciplinary study of 
coordination."  ACM Comput. Surv. 26 (1):87-119. doi: 10.1145/174666.174668. 

Margarita, Escaler. 2012. "Challenges of Harmonization of Agricultural Biotechnology 
Regulatory Systems across APEC Economies."  Biosafety. 

Martín-Sempere, María José, Belén Garzón-García, and Jesús Rey-Rocha. 2008. "Scientists' 
motivation to communicate science and technology to the public: surveying 
participants at the Madrid Science Fair."  Public Understanding of Science 17 (3):349-
367. 

Masip, Gemma, Maite Sabalza, Eduard Pérez-Massot, Raviraj Banakar, David Cebrian, 
Richard M Twyman, Teresa Capell, Ramon Albajes, and Paul Christou. 2013. 
"Paradoxical EU agricultural policies on genetically engineered crops."  Trends in 
plant science. 

Mathews, Debra J. H., Andrea Kalfoglou, and Kathy Hudson. 2005a. "Geneticists' views on 
science policy formation and public outreach."  American Journal of Medical Genetics 
Part A 137A (2):161-169. doi: 10.1002/ajmg.a.30849. 

Mathews, Debra JH, Andrea Kalfoglou, and Kathy Hudson. 2005b. "Geneticists' views on 
science policy formation and public outreach."  American Journal of Medical Genetics 
Part A 137 (2):161-169. 

Matten, Sharlene R, Graham P Head, and Hector D Quemada. 2008. "How governmental 
regulation can help or hinder the integration of Bt crops within IPM programs." In 
Integration of Insect-Resistant Genetically Modified Crops within IPM Programs, 27-
39. Springer. 

Maxwell, Simon, and Diane L Stone. 2004. Global knowledge networks and international 
development. Vol. 7: Routledge. 

McCormick, Kes, and Niina Kautto. 2013. "The bioeconomy in Europe: An overview."  
Sustainability 5 (6):2589-2608. 



144

References

 

 

McDougall, P. 2011. "Getting a biotech crop to market."  Brussels, Belgium: CropLife 
International. 

McHughen, Alan. 2007. "Fatal flaws in agbiotech regulatory policies."  Nat Biotech 25 
(7):725-727. 

Meffe, G. K., and S. Viederman. 1995. "Combining science and policy in conservation 
biology."  Renewable Resources Journal 13 (3):15-18. 

Meyer, Judy L, Peter C Frumhoff, Steven P Hamburg, and Carlos de la Rosa. 2010. "Above the 
din but in the fray: environmental scientists as effective advocates."  Frontiers in 
Ecology and the Environment 8 (6):299-305. 

Michalopoulos, A, L Landeweerd, Z Van der Werf-Kulichova, PGB Puylaert, and P Osseweijer. 
2011. "Contrasts and synergies in different biofuel reports."  Interface Focus 1 
(2):248-254. 

Miller, Henry I., Piero Morandini, and Klaus Ammann. 2008. "Is biotechnology a victim of 
anti-science bias in scientific journals?"  Trends in Biotechnology 26 (3):122-125. doi: 
http://dx.doi.org/10.1016/j.tibtech.2007.11.011. 

Miller, Jamie K., and Kent J. Bradford. 2010. "The regulatory bottleneck for biotech specialty 
crops."  Nat Biotech 28 (10):1012-1014. doi: http://dx.doi.org/10.1038/nbt1010-
1012. 

Mills, Thomas J., and Roger N. Clark. 2001. "Roles of research scientists in natural resource 
decision-making."  Forest Ecology and Management 153 (1-3):189-198. 

Montpetit, Éric. 2011. "Scientific credibility, disagreement, and error costs in 17 
biotechnology policy subsystems."  Policy Studies Journal 39 (3):513-533. 

Moore, K. 1996. "Organizing integrity: American science and the creation of public interest 
organizations, 1955-1975."  American Journal of Sociology:1592-1627. 

Morreale, Sherwyn P, Brian H Spitzberg, and J Kevin Barge. 2007. Human communication: 
Motivation, knowledge and skills: CengageBrain. com. 

Morris, Shane H, and Charles Spillane. 2008. "GM directive deficiencies in the European 
Union."  The current framework for regulating GM crops in the EU weakens the 
precautionary principle as a policy tool 9 (6):500-504. doi: 10.1038/embor.2008.94. 

Nang’ayo, Francis, Stella Simiyu-Wafukho, and Sylvester O Oikeh. 2014. "Regulatory 
challenges for GM crops in developing economies: the African experience."  
Transgenic research 23 (6):1049-1055. 

Nederhof, Anton J. 1985. "Methods of coping with social desirability bias: A review."  
European journal of social psychology 15 (3):263-280. 

Nelson, Michael P, and John A Vucetich. 2009. "On advocacy by environmental scientists: 
what, whether, why, and how."  Conservation Biology 23 (5):1090-1101. 

O’Meara, Kerry Ann. 2005. "Encouraging multiple forms of scholarship in faculty reward 
systems: Does it make a difference?"  Research in Higher Education 46 (5):479-510. 

Oborne, Michael. 2010. "The bioeconomy to 2030: designing a policy agenda."  OECD 
Observer (278):35-38. 

OECD. 1986. Recombinant DNA safety considerations. 
OECD. 2011. Public research institutions: Mapping sector trends. 
Ostrom, Elinor. 2009. Understanding institutional diversity: Princeton university press. 
Pellizzoni, Luigi. 2011. "The politics of facts: local environmental conflicts and expertise."  

Environmental Politics 20 (6):765-785. 

 

 

Pielke, Roger A. 2007a. The honest broker: making sense of science in policy and politics: 
Cambridge Univ Press. 

Pielke, Roger A. 2007b. The honest broker: making sense of science in policy and politics: 
Cambridge, UK: Cambridge University Press  

Poliakoff, Ellen, and Thomas L Webb. 2007. "What factors predict scientists' intentions to 
participate in public engagement of science activities?"  Science Communication 29 
(2):242-263. 

Potrykus, Ingo. 2010. "Constraints to biotechnology introduction for poverty alleviation."  
New biotechnology 27 (5):447-448. 

Rainie, Lee , Funk Cary, Anderson Monica, and Page Dana. 2015. How scientists engage the 
public. 

Raney, Terri. 2006. "Economic impact of transgenic crops in developing countries."  Current 
Opinion in Biotechnology 17 (2):174-178. doi: 
http://dx.doi.org/10.1016/j.copbio.2006.02.009. 

Ricroch, Agnès, JeanBaptiste Bergé, and Marcel Kuntz. 2010. "Is the German suspension of 
MON810 maize cultivation scientifically justified?"  Transgenic Research 19 (1):1-12. 
doi: 10.1007/s11248-009-9297-5. 

Sabatier, P.A. 1988a. "An advocacy coalition framework of policy change and the role of 
policy-oriented learning therein."  Policy Sciences 21 (2):129-168. 

Sabatier, Paul A. 1988b. "An advocacy coalition framework of policy change and the role of 
policy-oriented learning therein."  Policy Sciences 21 (2-3):129-168. 

Schenkel, Roland. 2010. "The challenge of feeding scientific advice into policy-making."  
Science 330 (6012):1749-1751. 

Schuurbiers, Daan. 2010. "Social Responsibility in Research Practice."  Engaging Applied 
Scientists with the Socio-ethical Context of their Work. Simon Stevin Series in Ethics of 
Technology, Delft. 

Scott, J Michael, Janet L Rachlow, and Robert T Lackey. 2008. "The science-policy interface: 
What is an appropriate role for professional societies."  BioScience 58 (9):865-869. 

Scott, J Michael, Janet L Rachlow, Robert T Lackey, Anna B Pidgorna, Jocelyn L Aycrigg, 
Gabrielle R Feldman, Leona K Svancara, David A Rupp, David I Stanish, and R 
Steinhorst. 2007. "Policy advocacy in science: prevalence, perspectives, and 
implications for conservation biologists."  Conservation Biology 21 (1):29-35. 

Shaner, Dale L. 2000. "The impact of glyphosate‐tolerant crops on the use of other 
herbicides and on resistance management."  Pest Management Science 56 (4):320-
326. 

Skogstad, Grace. 2011. "Contested accountability claims and GMO regulation in the 
European Union."  JCMS: Journal of Common Market Studies 49 (4):895-915. 

Smyth, Stuart J, William A Kerr, and Peter WB Phillips. 2013. "Managing Trade in Products of 
Biotechnology--Which Alternative to Choose: Science or Politics?". 

Sorian, Richard, and Terry Baugh. 2002. "Power of information: closing the gap between 
research and policy."  Health Affairs 21 (2):264-273. 

Souza, Glaucia Mendes, Reynaldo L Victoria, Carlos A Joly, and Luciano M Verdade. 2015. 
Bioenergy & sustainability: bridging the gaps: Scientific Committee on Problems of 
the Environment (SCOPE). 



145

References

 

 

McDougall, P. 2011. "Getting a biotech crop to market."  Brussels, Belgium: CropLife 
International. 

McHughen, Alan. 2007. "Fatal flaws in agbiotech regulatory policies."  Nat Biotech 25 
(7):725-727. 

Meffe, G. K., and S. Viederman. 1995. "Combining science and policy in conservation 
biology."  Renewable Resources Journal 13 (3):15-18. 

Meyer, Judy L, Peter C Frumhoff, Steven P Hamburg, and Carlos de la Rosa. 2010. "Above the 
din but in the fray: environmental scientists as effective advocates."  Frontiers in 
Ecology and the Environment 8 (6):299-305. 

Michalopoulos, A, L Landeweerd, Z Van der Werf-Kulichova, PGB Puylaert, and P Osseweijer. 
2011. "Contrasts and synergies in different biofuel reports."  Interface Focus 1 
(2):248-254. 

Miller, Henry I., Piero Morandini, and Klaus Ammann. 2008. "Is biotechnology a victim of 
anti-science bias in scientific journals?"  Trends in Biotechnology 26 (3):122-125. doi: 
http://dx.doi.org/10.1016/j.tibtech.2007.11.011. 

Miller, Jamie K., and Kent J. Bradford. 2010. "The regulatory bottleneck for biotech specialty 
crops."  Nat Biotech 28 (10):1012-1014. doi: http://dx.doi.org/10.1038/nbt1010-
1012. 

Mills, Thomas J., and Roger N. Clark. 2001. "Roles of research scientists in natural resource 
decision-making."  Forest Ecology and Management 153 (1-3):189-198. 

Montpetit, Éric. 2011. "Scientific credibility, disagreement, and error costs in 17 
biotechnology policy subsystems."  Policy Studies Journal 39 (3):513-533. 

Moore, K. 1996. "Organizing integrity: American science and the creation of public interest 
organizations, 1955-1975."  American Journal of Sociology:1592-1627. 

Morreale, Sherwyn P, Brian H Spitzberg, and J Kevin Barge. 2007. Human communication: 
Motivation, knowledge and skills: CengageBrain. com. 

Morris, Shane H, and Charles Spillane. 2008. "GM directive deficiencies in the European 
Union."  The current framework for regulating GM crops in the EU weakens the 
precautionary principle as a policy tool 9 (6):500-504. doi: 10.1038/embor.2008.94. 

Nang’ayo, Francis, Stella Simiyu-Wafukho, and Sylvester O Oikeh. 2014. "Regulatory 
challenges for GM crops in developing economies: the African experience."  
Transgenic research 23 (6):1049-1055. 

Nederhof, Anton J. 1985. "Methods of coping with social desirability bias: A review."  
European journal of social psychology 15 (3):263-280. 

Nelson, Michael P, and John A Vucetich. 2009. "On advocacy by environmental scientists: 
what, whether, why, and how."  Conservation Biology 23 (5):1090-1101. 

O’Meara, Kerry Ann. 2005. "Encouraging multiple forms of scholarship in faculty reward 
systems: Does it make a difference?"  Research in Higher Education 46 (5):479-510. 

Oborne, Michael. 2010. "The bioeconomy to 2030: designing a policy agenda."  OECD 
Observer (278):35-38. 

OECD. 1986. Recombinant DNA safety considerations. 
OECD. 2011. Public research institutions: Mapping sector trends. 
Ostrom, Elinor. 2009. Understanding institutional diversity: Princeton university press. 
Pellizzoni, Luigi. 2011. "The politics of facts: local environmental conflicts and expertise."  

Environmental Politics 20 (6):765-785. 

 

 

Pielke, Roger A. 2007a. The honest broker: making sense of science in policy and politics: 
Cambridge Univ Press. 

Pielke, Roger A. 2007b. The honest broker: making sense of science in policy and politics: 
Cambridge, UK: Cambridge University Press  

Poliakoff, Ellen, and Thomas L Webb. 2007. "What factors predict scientists' intentions to 
participate in public engagement of science activities?"  Science Communication 29 
(2):242-263. 

Potrykus, Ingo. 2010. "Constraints to biotechnology introduction for poverty alleviation."  
New biotechnology 27 (5):447-448. 

Rainie, Lee , Funk Cary, Anderson Monica, and Page Dana. 2015. How scientists engage the 
public. 

Raney, Terri. 2006. "Economic impact of transgenic crops in developing countries."  Current 
Opinion in Biotechnology 17 (2):174-178. doi: 
http://dx.doi.org/10.1016/j.copbio.2006.02.009. 

Ricroch, Agnès, JeanBaptiste Bergé, and Marcel Kuntz. 2010. "Is the German suspension of 
MON810 maize cultivation scientifically justified?"  Transgenic Research 19 (1):1-12. 
doi: 10.1007/s11248-009-9297-5. 

Sabatier, P.A. 1988a. "An advocacy coalition framework of policy change and the role of 
policy-oriented learning therein."  Policy Sciences 21 (2):129-168. 

Sabatier, Paul A. 1988b. "An advocacy coalition framework of policy change and the role of 
policy-oriented learning therein."  Policy Sciences 21 (2-3):129-168. 

Schenkel, Roland. 2010. "The challenge of feeding scientific advice into policy-making."  
Science 330 (6012):1749-1751. 

Schuurbiers, Daan. 2010. "Social Responsibility in Research Practice."  Engaging Applied 
Scientists with the Socio-ethical Context of their Work. Simon Stevin Series in Ethics of 
Technology, Delft. 

Scott, J Michael, Janet L Rachlow, and Robert T Lackey. 2008. "The science-policy interface: 
What is an appropriate role for professional societies."  BioScience 58 (9):865-869. 

Scott, J Michael, Janet L Rachlow, Robert T Lackey, Anna B Pidgorna, Jocelyn L Aycrigg, 
Gabrielle R Feldman, Leona K Svancara, David A Rupp, David I Stanish, and R 
Steinhorst. 2007. "Policy advocacy in science: prevalence, perspectives, and 
implications for conservation biologists."  Conservation Biology 21 (1):29-35. 

Shaner, Dale L. 2000. "The impact of glyphosate‐tolerant crops on the use of other 
herbicides and on resistance management."  Pest Management Science 56 (4):320-
326. 

Skogstad, Grace. 2011. "Contested accountability claims and GMO regulation in the 
European Union."  JCMS: Journal of Common Market Studies 49 (4):895-915. 

Smyth, Stuart J, William A Kerr, and Peter WB Phillips. 2013. "Managing Trade in Products of 
Biotechnology--Which Alternative to Choose: Science or Politics?". 

Sorian, Richard, and Terry Baugh. 2002. "Power of information: closing the gap between 
research and policy."  Health Affairs 21 (2):264-273. 

Souza, Glaucia Mendes, Reynaldo L Victoria, Carlos A Joly, and Luciano M Verdade. 2015. 
Bioenergy & sustainability: bridging the gaps: Scientific Committee on Problems of 
the Environment (SCOPE). 



146

References

 

 

Steel, Brent, Peter List, Denise Lach, and Bruce Shindler. 2004. "The role of scientists in the 
environmental policy process: a case study from the American west."  Environmental 
Science & Policy 7 (1):1-13. 

Strauss, Steven H, Huimin Tan, Wout Boerjan, and Roger Sedjo. 2009a. "Strangled at birth? 
Forest biotech and the Convention on Biological Diversity."  Nature biotechnology 27 
(6):519-527. 

Strauss, Steven H., Drew L. Kershen, Joe H. Bouton, Thomas P. Redick, Huimin Tan, and 
Roger A. Sedjo. 2010. "Far-reaching Deleterious Impacts of Regulations on Research 
and Environmental Studies of Recombinant DNA-modified Perennial Biofuel Crops in 
the United States."  BioScience 60 (9):729-741. doi: 10.1525/bio.2010.60.9.10. 

Strauss, Steven H., Huimin Tan, Wout Boerjan, and Roger Sedjo. 2009b. "Strangled at birth? 
Forest biotech and the Convention on Biological Diversity."  Nat Biotech 27 (6):519-
527. 

Sturzenegger-Varvayanis, Susi, Gina Eosco, Sara Ball, Kelvin Lee, Megan Halpern, and Bruce 
Lewenstein. 2008. "How university scientists view science communication to the 
public." Proceedings de la conférence PCST-10, Malmö. 

Tome, Kristine Grace N., Mariechel J. Navarro, and Rhodora R. Aldemita. 2014. "Academics 
and Scientists as Biotech Communicators: Perspectives, Capabilities, and Challenges 
in Southeast Asia."  Philippine Journal of Crop Science 39 (2):44-57. 

Tosun, Jale. 2014. "Agricultural biotechnology in Central and Eastern Europe: determinants 
of cultivation bans."  Sociologia ruralis 54 (3):362-381. 

Twardowski, Tomasz, and Aleksandra Małyska. 2012. "Social and legal determinants for the 
marketing of GM products in Poland."  New biotechnology 29 (3):249-254. 

UN. 1992. Agenda 21. New York: Forest Principles. 
Van der Werf Kulichova, Zuzana, Coumou Hilde C, Arujanan Mahaletchumy., Wehrmann 

Caroline, and Osseweijer Patricia. forthcoming. "The role of scientists in policy 
making regarding agricultural biotechnology: From traditional to alternative views "  
International Journal of Biotechnology. 

van der Werf Kulichova, Zuzana, Steven Maarten Flipse, and Patricia Osseweijer. 2014. 
"Engaging Researchers Actively in Agricultural Biotechnology Policy Making."  
International Journal of Science in Society 5 (4). 

Vargiu, Andrea. 2014. "Indicators for the Evaluation of Public Engagement of Higher 
Education Institutions."  Journal of the Knowledge Economy 5 (3):562-584. 

Vàzquez‐Salat, Núria, and Louis‐Marie Houdebine. 2013. "Society and GMOs—chicken and 
egg?"  The lessons from the GM crops debate in Europe over risk management and 
communication provide valuable pointers for the upcoming debate on GM animals 14 
(8):671-674. doi: 10.1038/embor.2013.101. 

Vigani, Mauro, and Alessandro Olper. 2013. "GMO standards, endogenous policy and the 
market for information."  Food Policy 43:32-43. 

Weiss, Carol H. 1979. "The many meanings of research utilization."  Public Administration 
Review 39 (5):426-431. 

Weiss, Carol H. 1991a. "Policy research as advocacy: Pro and con."  Knowledge, Technology 
& Policy 4 (1):37-55. 

Weiss, Carol H. 1991b. "Policy research as advocacy: Pro and con."  Knowledge and Policy 4 
(1-2):37-55. doi: 10.1007/bf02692747. 

 

 

Wesselink, Anna, and Rob Hoppe. 2010. "If post-normal science is the solution, what is the 
problem? The politics of activist environmental science."  Science, Technology & 
Human Values:0162243910385786. 

Whitmer, Ali, Laura Ogden, John Lawton, Pam Sturner, Peter M Groffman, Laura Schneider, 
David Hart, Benjamin Halpern, William Schlesinger, and Steve Raciti. 2010. "The 
engaged university: providing a platform for research that transforms society."  
Frontiers in Ecology and the Environment 8 (6):314-321. 

Woodhouse, Edward J, and Dean Nieusma. 1997. "When expert advice works, and when it 
does not."  Technology and Society Magazine, IEEE 16 (1):23-29. 

http://www.prri.net. "Public Research and Regulation Initiative: Mission and organization." 
Accessed 28 March 2014. http://www.prri.net/mission/. 

 



147

References

 

 

Steel, Brent, Peter List, Denise Lach, and Bruce Shindler. 2004. "The role of scientists in the 
environmental policy process: a case study from the American west."  Environmental 
Science & Policy 7 (1):1-13. 

Strauss, Steven H, Huimin Tan, Wout Boerjan, and Roger Sedjo. 2009a. "Strangled at birth? 
Forest biotech and the Convention on Biological Diversity."  Nature biotechnology 27 
(6):519-527. 

Strauss, Steven H., Drew L. Kershen, Joe H. Bouton, Thomas P. Redick, Huimin Tan, and 
Roger A. Sedjo. 2010. "Far-reaching Deleterious Impacts of Regulations on Research 
and Environmental Studies of Recombinant DNA-modified Perennial Biofuel Crops in 
the United States."  BioScience 60 (9):729-741. doi: 10.1525/bio.2010.60.9.10. 

Strauss, Steven H., Huimin Tan, Wout Boerjan, and Roger Sedjo. 2009b. "Strangled at birth? 
Forest biotech and the Convention on Biological Diversity."  Nat Biotech 27 (6):519-
527. 

Sturzenegger-Varvayanis, Susi, Gina Eosco, Sara Ball, Kelvin Lee, Megan Halpern, and Bruce 
Lewenstein. 2008. "How university scientists view science communication to the 
public." Proceedings de la conférence PCST-10, Malmö. 

Tome, Kristine Grace N., Mariechel J. Navarro, and Rhodora R. Aldemita. 2014. "Academics 
and Scientists as Biotech Communicators: Perspectives, Capabilities, and Challenges 
in Southeast Asia."  Philippine Journal of Crop Science 39 (2):44-57. 

Tosun, Jale. 2014. "Agricultural biotechnology in Central and Eastern Europe: determinants 
of cultivation bans."  Sociologia ruralis 54 (3):362-381. 

Twardowski, Tomasz, and Aleksandra Małyska. 2012. "Social and legal determinants for the 
marketing of GM products in Poland."  New biotechnology 29 (3):249-254. 

UN. 1992. Agenda 21. New York: Forest Principles. 
Van der Werf Kulichova, Zuzana, Coumou Hilde C, Arujanan Mahaletchumy., Wehrmann 

Caroline, and Osseweijer Patricia. forthcoming. "The role of scientists in policy 
making regarding agricultural biotechnology: From traditional to alternative views "  
International Journal of Biotechnology. 

van der Werf Kulichova, Zuzana, Steven Maarten Flipse, and Patricia Osseweijer. 2014. 
"Engaging Researchers Actively in Agricultural Biotechnology Policy Making."  
International Journal of Science in Society 5 (4). 

Vargiu, Andrea. 2014. "Indicators for the Evaluation of Public Engagement of Higher 
Education Institutions."  Journal of the Knowledge Economy 5 (3):562-584. 

Vàzquez‐Salat, Núria, and Louis‐Marie Houdebine. 2013. "Society and GMOs—chicken and 
egg?"  The lessons from the GM crops debate in Europe over risk management and 
communication provide valuable pointers for the upcoming debate on GM animals 14 
(8):671-674. doi: 10.1038/embor.2013.101. 

Vigani, Mauro, and Alessandro Olper. 2013. "GMO standards, endogenous policy and the 
market for information."  Food Policy 43:32-43. 

Weiss, Carol H. 1979. "The many meanings of research utilization."  Public Administration 
Review 39 (5):426-431. 

Weiss, Carol H. 1991a. "Policy research as advocacy: Pro and con."  Knowledge, Technology 
& Policy 4 (1):37-55. 

Weiss, Carol H. 1991b. "Policy research as advocacy: Pro and con."  Knowledge and Policy 4 
(1-2):37-55. doi: 10.1007/bf02692747. 

 

 

Wesselink, Anna, and Rob Hoppe. 2010. "If post-normal science is the solution, what is the 
problem? The politics of activist environmental science."  Science, Technology & 
Human Values:0162243910385786. 

Whitmer, Ali, Laura Ogden, John Lawton, Pam Sturner, Peter M Groffman, Laura Schneider, 
David Hart, Benjamin Halpern, William Schlesinger, and Steve Raciti. 2010. "The 
engaged university: providing a platform for research that transforms society."  
Frontiers in Ecology and the Environment 8 (6):314-321. 

Woodhouse, Edward J, and Dean Nieusma. 1997. "When expert advice works, and when it 
does not."  Technology and Society Magazine, IEEE 16 (1):23-29. 

http://www.prri.net. "Public Research and Regulation Initiative: Mission and organization." 
Accessed 28 March 2014. http://www.prri.net/mission/. 

 



148

References



Summary



 

 

Summary 
The Why’s and How’s of Scientists’ Policy Engagement: The lessons 
from agricultural biotechnology 

This thesis explores the reasons for scientists’ policy engagement and proposes a new role 

that scientists can take in policy-making. Learning from the case of agricultural biotechnology, 

which has been characterized by long lasting controversy regarding the level of regulatory 

oversight on the use of GM crops, it aims to answer the following main research questions: 1) 

Which active roles can scientists adopt in controversial policy-making and which of these roles 

do agricultural biotechnology scientists prefer to take? and 2) Which factors are relevant for 

the motivation of scientists to engage in policy-making? 

To answer these questions, two online surveys and 17 in-depth interviews are carried out 

with public sector agricultural biotechnology scientists many of whom have experience with 

policy engagement.  

Chapter 1 provides the general introduction to the thesis where the overall context in 

which this research took place is explained. As the world’s population increases and creates 

more pressure on already depleted resources our society has started to realize that we need 

to change the way we think about the production and consumption of food, feed, fibre, 

chemicals, pharmaceuticals and energy. In this context, the biobased economy has been 

recognized as having the potential to contribute to a more sustainable development. Despite 

its great promises, the implementation of the biobased economy depends on many factors, 

among which, innovations in agriculture to secure continuous and sustainable production of 

biomass. The techniques of genetic engineering that have been advanced since the 1970’s 

opened up new possibilities to increase crops yields while decreasing inputs into production, 

to change crop composition to better fit industrial purposes, to produce crops that are 

fortified with necessary vitamins and to engineer crops that are able to withstand harsh 

climate conditions. However, it is widely recognized that the benefits of agricultural 

biotechnology have not been fully deployed. One of the reasons causing the disparity between 

potential and available products on the market has been the complexity, costs and the length 

of the biosafety regulation procedures. Some claim that the regulations that have been 

introduced in some countries, such as the European Union, ignore the available scientific 

insights in the risk assessment procedures. One of the potential reasons for the neglect and 

misinterpretation of scientific knowledge is the underrepresentation of the scientific 



151

Summary

 

 

Summary 
The Why’s and How’s of Scientists’ Policy Engagement: The lessons 
from agricultural biotechnology 

This thesis explores the reasons for scientists’ policy engagement and proposes a new role 

that scientists can take in policy-making. Learning from the case of agricultural biotechnology, 

which has been characterized by long lasting controversy regarding the level of regulatory 

oversight on the use of GM crops, it aims to answer the following main research questions: 1) 

Which active roles can scientists adopt in controversial policy-making and which of these roles 

do agricultural biotechnology scientists prefer to take? and 2) Which factors are relevant for 

the motivation of scientists to engage in policy-making? 

To answer these questions, two online surveys and 17 in-depth interviews are carried out 

with public sector agricultural biotechnology scientists many of whom have experience with 

policy engagement.  

Chapter 1 provides the general introduction to the thesis where the overall context in 

which this research took place is explained. As the world’s population increases and creates 

more pressure on already depleted resources our society has started to realize that we need 

to change the way we think about the production and consumption of food, feed, fibre, 

chemicals, pharmaceuticals and energy. In this context, the biobased economy has been 

recognized as having the potential to contribute to a more sustainable development. Despite 

its great promises, the implementation of the biobased economy depends on many factors, 

among which, innovations in agriculture to secure continuous and sustainable production of 

biomass. The techniques of genetic engineering that have been advanced since the 1970’s 

opened up new possibilities to increase crops yields while decreasing inputs into production, 

to change crop composition to better fit industrial purposes, to produce crops that are 

fortified with necessary vitamins and to engineer crops that are able to withstand harsh 

climate conditions. However, it is widely recognized that the benefits of agricultural 

biotechnology have not been fully deployed. One of the reasons causing the disparity between 

potential and available products on the market has been the complexity, costs and the length 

of the biosafety regulation procedures. Some claim that the regulations that have been 

introduced in some countries, such as the European Union, ignore the available scientific 

insights in the risk assessment procedures. One of the potential reasons for the neglect and 

misinterpretation of scientific knowledge is the underrepresentation of the scientific 
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community during policy negotiations. Therefore, this thesis argues that in order to 

strengthen the integration of science into policy decisions scientists need to actively engage 

in policy processes regarding the safety assessment of new technologies. Chapter 1 further 

presents the general research questions and provides an overview of the two theories that 

were used to guide this thesis: The theory of planned behaviour (Ajzen, 1991) and The 

stakeholder model of science in policy (Pielke, 2007) 

Chapter 2 presents the results from an interdisciplinary literature review on science-policy 

interfaces regarding the theoretical reasons for and against scientists’ policy engagement. 

Identified arguments in favour of scientists’ policy engagement include, i.e. the moral duties 

of public sector scientists towards society and the need to translate research results in policy-

making due to low scientific literacy of policy makers. This chapter also considers the potential 

barriers to scientists’ policy engagement, i.e. the impact on scientists’ credibility and the lack 

of available competences that are needed for a meaningful policy contribution. All identified 

reasons for and against scientists’ policy engagement are discussed in detail. Chapter 2 

concludes with five areas that may require further attention to facilitate scientists’ policy 

engagement. These include 1) Motivation, 2) Task coordination, 3) Communication 

competence, 4) Recognition and 5) Credibility. 

Chapter 3 presents a study that explores the potential roles that scientists can take in 

policy-making. This chapter discusses the differences between the linear model of science and 

policy and the stakeholder model of science and policy and provides the theoretical 

arguments in favour of the latter. Consequently, scientists’ views and their preferences 

regarding the two active roles that can be adopted in policy-making are empirically evaluated. 

These roles comprise of the ‘Issue advocacy role’ and the role of “Honest broker of policy 

alternatives’. Qualitative and quantitative data is collected from public sector scientists in 

agricultural biotechnology on their perception regardingtheir preferred roles in policy-making. 

Chapter 3 concludes that the majority of agricultural biotechnology scientists sympathize with 

the stakeholder model of science and policy and would prefer ‘an integrative role’ for 

scientists in policy-making. This new role combines the aspects of issue advocacy and the 

honest brokering of policy alternatives and proposes that scientists should inform policy-

making by 1) collecting scientific evidence, 2) identifying all available policy alternatives that 

are supported by science, 3) reaching scientific consensus onwhich of these alternatives is the 

most preferred from the scientific point of view and 4) communicate about these alternatives 

with all policy stakeholders and explaining the impacts of different solutions. 
 

 

Chapter 4 presents a study that investigated which factors influence the motivation of 

agricultural biotechnology scientists to engage in policy-making. Grounding the study in the 

theory of planned behaviour, we carried out an online survey with public sector scientists in 

agricultural biotechnology in order to assess their attitude related beliefs, subjective norms 

related beliefs and perceived behavioural control related beliefs regarding policy engagement.  

The significance of these beliefs in predicting the future motivation to engage in policy making 

was evaluated quantitatively by using regression analysis. The results indicate that the 

attitude towards policy engagement (measured through scientists’ views about their role in 

society and the perceived influence of policy engagement) is the most important factor in 

predicting scientists’ future motivation. The measures of subjective norms (perceived 

approval of policy engagement by scientists’ social environment) and the perceived 

behavioural control (time availability and access to funding) also proved significant, though 

their influence was much lower. The characteristics of the studied sample (international group 

of scientists working at public sector research institutes and universities) allowed us to make 

a further differentiation between regional cultures and employers. Our analysis revealed that 

different motivational factors are significant when these characteristics are taken into 

account. For example, while the motivation of European, North American, and South 

American scientists is mostly influenced by their attitude towards policy engagement, the 

motivation of Asian and African scientists mostly develops from scientists’ assessment of 

subjective norms.  

Chapter 5 presents a study that qualitatively explored the perceived institutional support 

for scientists’ policy engagement. Special attention was devoted to scientists’ perceived time 

availability for policy engagement, perceived access to funding and the exploration of specific 

strategies that are currently employed by universities and public sector research institutes in 

Europe to facilitate scientists’ policy engagement. This study finds that the majority of 

European agricultural biotechnology scientists do not feel institutionally supported in their 

policy engagement. Although some explained that engagement in science outreach is 

recognized as an important activity by their institutions the actual involvement in these 

activities is not specifically rewarded or supported. Besides the interest in the perceived 

institutional support this chapter also explores which traits/competences are desirable for a 

meaningful contribution of scientists to policy-making as perceived by agricultural 

biotechnology scientists themselves. These include 1) appropriate technical education, 2) 

working experience in the international context, 3) patience, 4) understanding of the policy-
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account. For example, while the motivation of European, North American, and South 
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motivation of Asian and African scientists mostly develops from scientists’ assessment of 
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making process, 5) membership in larger scientific networks and 6) communication 

competence. 

Chapter 6 presents and discusses the main study findings and conclusions. It answers the 

research questions and synthetizes the results in light of the two theories that were used to 

guide this work. Agricultural biotechnology scientists prefer ‘an integrative role’ in policy-

making, but in general do not adopt this role in practice. Important factors that can change 

this situation include support by institutional interventions focusing on time provision for 

policy engagement along with recognition and rewards for engaging in this activity. The results 

also indicate that in order to motivate scientists for policy engagement it is important to 

address the role of scientists in society and the impact of policy on societal well-being. In 

addition, communication skills are also seen as an important factor for meaningful policy 

engagement. While considering that not all scientists have to be involved in policy-making we 

do observe that currently there is a lack of institutional strategies to address the involvement 

of scientists in policy-making.  

As a result of this thesis, a flow chart is presented that includes the new integrative role 

for scientists in policy-making and the factors that are important to motivate and support 

scientists in taking up this role. The flow chart elaborates on the stakeholder model of science 

in policy proposed by Pielke (2007) and integrates the motivational factors defined by the 

theory of planned behaviour proposed by Azjen (1991). The flow chart can be used to facilitate 

policy engagement of both groups of scientists those who are already motivated to contribute 

to policy development and those who do not (yet) show interest in this activity. Finally, 

Chapter 6 concludes with a discussion about the studies’ limitations and with proposals for 

future research. 
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Appendix A: Elicitation study with PRRI members  
10 scientists were approached individually to take a part in this small open-ended 
questionnaire 

 

1) What do you believe are the reasons for scientists to engage in policy-making? 

2) What do you believe are the reasons for scientists not to engage in policy-making? 

3) Is there anything else you associate with your own views about active engagement of 
scientists in policy-making? 

4) Are there any individuals or groups who approve/support your active engagement in policy-
making? 

5) Are there any individuals or groups who disapprove/don’t support your active engagement 
in policy-making? 

6) Is there anything else you associate with other people's views about active engagement in 
policy-making? 

7) What factors or circumstances would enable you to engage in policy-making regarding 
agricultural biotechnology in the forthcoming year? 

8) What factors or circumstances would make it difficult or impossible for you to engage in 
policy-making regarding agricultural biotechnology in the forthcoming year? 

9) Are there any other issues that come to your mind when you think about active engagement 
in policy-making? 
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Appendix B: Online survey with PRRI members 

Dear scientist, 

Thank you for taking the time to complete this survey. Your input is very much appreciated. 

The completion of the survey should not take longer than 7 to 10 minutes. You will be asked 

to express your opinion about various statements. These statements relate to your experience 

with (or your perception of) active engagement of scientists in regulatory debates regarding 

agricultural biotechnology. Active engagement in regulatory debates can be understood as: 

 Directly participating in meetings addressing diverse regulatory issues concerning the 

applications of agricultural biotechnology, such as biosafety, coexistence, legal 

liability and/or socioeconomic considerations. Such meetings can include but are not 

limited to: Meetings of the Parties to the Cartagena Protocol on Biosafety, European 

stakeholder consultation meetings, Online regulatory discussions under the 

Cartagena Protocol on Biosafety etc. 

  

 Preparation and submission of written comments on proposed draft legislation 

regarding agricultural biotechnology regulations 

 
The results of this survey will be used in my PhD project called “Empowering scientists for 
social responsibility in the policy context”. More information on this project and the study 
rationale will appear after the completion of the questionnaire. 
  
Sincerely, 
  
Zuzana van der Werf Kulichova 
 
  
 
 
 
 
 
 

 

 

Your beliefs about active engagement of scientists in regulatory debates 

Please indicate your opinion about the following statements. 

 
1) Strict regulations prevent innovative research in agricultural biotechnology. 

Strongly agree   

Agree   

I don't know   

Disagree   

Strongly disagree   
  
2) Most policy makers lack the necessary scientific background and therefore may misinterpret 
scientific data. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
3) Misinterpretation of scientific data may result in strict regulations that lack scientific basis. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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I don't know   

Disagree   

Strongly disagree   
  
2) Most policy makers lack the necessary scientific background and therefore may misinterpret 
scientific data. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
3) Misinterpretation of scientific data may result in strict regulations that lack scientific basis. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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4) Active engagement in regulatory debates gives me an opportunity to interpret* the results 
of my work to policy makers. 
* To interpret means to explain the implications of scientific data for policy-making purposes. 
Interpretation can be verbal or in a written form. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
5) When I actively engage in regulatory debates, I feel that I contribute to societal well-being. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
6) When I actively engage in regulatory debates, I feel that I can learn new skills (i.e. 
communication with non-scientific audiences) 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
  

 

 

7) When I actively engage in regulatory debates, I feel that I risk my scientific credibility. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
 
Your beliefs about the role of science and scientists in society 

Please indicate your opinion about the following statements. 

 
8) Scientists are important policy stakeholders. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
9) All policy stakeholders should actively engage in policy-making to ensure that their interest 
is reflected in policies and regulations 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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10) It is scientist's moral duty to ensure that scientific findings are utilized for the well-being 
of society. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
 
11) Regulations that prevent scientific research are undesirable for the well-being of society. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
12) For an accurate integration of scientific results into regulations, scientists need to 
interpret* scientific results to policy makers. 
* To interpret means to explain the implications of scientific data for policy-making purposes. 
Interpretation can be verbal or in a written form. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
   
  

 

 

13) As a scientist, I also value the opportunities to learn some non-research related skills (such 
as communication with non-scientific audiences). 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
 

Constraints to your active engagement in regulatory debates 

Please indicate your opinion about the following statements. 

 
14) I feel that I lack the necessary communication skills* to actively engage in regulatory 
debates. 
* Having communication skills means having the ability to clearly express your wishes and 
objections, while remaining respectful towards the other party. 

Strongly agree   

Agree   

Neutral   

Disagree   

Strongly Disagree   
 
15) The lack of confidence in my communication skills prevents me from an active engagement 
in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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16) I never followed a communication-training course in the past. 

True   

False   
  
17) Active engagement in regulatory debates takes a lot of time. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
18) I feel that extensive teaching obligations negatively influence my ability to actively engage 
in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
19) In order to actively engage in regulatory debates, I feel I need time allowance from my 
employer. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
  

 

 

20) Active engagement in regulatory debates requires funding. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
21) I feel that I lack funds to actively engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
 
22) I feel that active engagement in regulatory debates does not have any professional 
benefits for me. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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23) The perceived lack of professional benefits prevents me from an active engagement in 
regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
24) I feel that active engagement in regulatory debates does not have any economical benefits 
for me. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
25) The lack of economical benefits prevents me from active engagement in regulatory 
debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
  

 

 

26) I do not have enough time to actively engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
27) My employer does not provide me with a time allowance to engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
28) I expect to receive a high teaching load in the forthcoming year. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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27) My employer does not provide me with a time allowance to engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
28) I expect to receive a high teaching load in the forthcoming year. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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Influence of the social context on your active engagement in regulatory debates 

Please indicate your opinion about the following statements. 

 
29) The approval of my active engagement in regulatory debates by my friends and family is 
important to me. 

Extremely important   

Very important   

Neutral   

Low importance   

Not at all important   
  
30) The approval of my active engagement by my boss is important to me. 

Extremely important   

Very important   

Neutral   

Low importance   

Not at all important   
  
31) The approval of my active engagement by my colleagues is important to me. 

Extremely important   

Important   

Neutral   

Low importance   

Not at all important   
  

 

 

32) A support from a scientific society is important for my active engagement in regulatory 
debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
33) Most people who are important to me think that I should actively engage in regulatory 
debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
34) My friends and family would approve of my active engagement in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
35) My boss supports that I actively engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
34) My friends and family would approve of my active engagement in regulatory debates. 
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 36) My colleagues think that I should actively engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
37) I feel that the institute I work at want me to actively engage in regulatory debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
 
38) I am aware of scientific societies that are supportive of my active engagement in regulatory 
debates. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
 
 

 

 

General evaluation of active engagement in regulatory debates 

Please indicate your opinion about the following statements. 

 
39) Active engagement in regulatory debates is influential. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
40) Active engagement in regulatory debates is mostly a pleasant experience. 

Strongly agree   

Agree   

I do not know   

Disagree   

Strongly disagree   
  
41) Active engagement in regulatory debates is worthwhile. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
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42) Active engagement in regulatory debates is personally rewarding. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
 
Past experience and the future intention 

Please indicate how many times did you actively engage in regulatory debates in the past 
and what are your future intentions. 

 
43) In the past 12 months, how often have you actively engaged in regulatory debates via 
direct participation in meetings? Examples: the EU stakeholder consultation meetings, the 
meeting of the parties under the Cartagena Protocol on Biosafety and similar. 

0 x   

1 x   

2 x   

3 x   

More   
  
44) In the past 12 months, how often have you actively engaged in regulatory debates via 
contribution of written comments on draft legislation? 

0 x   

1 x   

2 x   

3 x   

More   
  
  

 

 

45) In the past 12 months, how often have you actively engaged in regulatory debates via 
participation in online regulatory discussions? 

0 x   

1 x   

2 x   

3 x   

More   
 
46) In the past 12 months, how often have you contributed to regulatory debates via 
engagement in other activities? (e.g. maintaining website, engaging with national policy 
makers) 

0 x   

1 x   

2 x   

3 x   

More   
  
47) I expect that I will actively engage in regulatory debates in the forthcoming year. 

Very likely   

Somewhat likely   

I don’t know   

Somewhat unlikely   

Not likely   
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I don’t know   

Somewhat unlikely   

Not likely   
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48) I want to actively engage in regulatory debates in the forthcoming year. 

Strongly agree   

Agree   

Neither agree or disagree   

Disagree   

Strongly disagree   
  
49) How many times during the forthcoming year do you expect to actively engage in 
regulatory debates? 

0 x   

1 x   

2 x   

3 x   

More   
  

Your personal details 

Please select an appropriate option. 

 
50) Gender 

Male   

Female   
  
51) Age 

<30   

30-40   

41-50   

51-60   

>60   

 52) Your nationality. Please, select below. 
 
  

 

 

53) I currently work at: 
     
  
54) My current employer is classified as: 

Public sector research institute   

University/Academia   

Other (Please Specify) 
   
 
55) Your professional occupation. Please, select below. 

PhD (junior research fellow)   

Postdoc (senior research fellow)   

Assistant professor (Completed PhD and Postdoc)   

Associate professor (4-8 years after assistant professor)   

Junior full professor (leading a research group)   

Senior full professor (leading a department of university/research institute)   

Other (Please Specify): 
   
  
56) Years of experience in research 

<5   

5-10   

11-15   

16-20   

>20   
   
 
 
57) Are you available for a short follow up interview? 
If so, please leave your email address here: 
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If so, please leave your email address here: 
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General comments and remarks 

Please add any comments and remarks you may have regarding your active engagement in 
regulatory debates regarding agricultural biotechnology. 

Thank you for competing the questionnaire. If you are further interested in this project you can 
find regular updates on http://tudelft.academia.edu/ZuzanavanderWerfKulichova 
or contact me via email: z.vanderwerf-kulichova@tudelft.nl 
 
The study rationale 
Scholarly literature addressing the role of scientists in policy-making suggests that scientists 
should take more engaged role in policy-making debates. Yet, scholars also report that 
scientists may be hesitant to actively take up this role. In my previous research (van der Werf 
Kulichova et al. 2013; under review) I identified five factors, which may need to be taken into 
consideration for a successful engagement of scientists in policy-making. These are motivation, 
task coordination, communication competence, recognition and credibility. However, it is not 
known which of these factors influence the ability of scientists to engage actively in policy-
making the most. Using the theory of planned behaviour this study investigates the following 
question: Which factors influence the ability of scientists to engage in regulatory debates 
regarding applications of agricultural biotechnology? The findings of the study will be used to 
identify areas that require attention during the design of intervention strategies for 
encouragement of more actively engaged role of scientists in policy-making.  

 

 

 

Appendix B: Online survey with ISAAA subscribers 
Dear scientist, 

Thank you for taking the time to complete this survey. 

Objective: This survey attempts to understand factors that influence scientists' intention to 
engage (or not to engage) in policy-making regarding agricultural biotechnology. It is a part of 
a larger project (Empowering scientists for societal responsibility in the policy context) and it 
is funded by the BE-Basic foundation http://www.be-basic.org/. 

Time to complete: 7 - 10min 

Definition:  
Participation in policy-making may be understood as:  

 Participation in policy consultation platforms where various regulatory issues (such as 
biosafety, legal liability, co-existence) are discussed with all stakeholders 

 Cooperation with policy makers and others to integrate scientific results in policy 
decisions (i.e. by providing comments on draft legislation) 

 
We appreciate your contribution. 
 
 
Sincerely, 
 
Zuzana van der Werf Kulichova (Delft University of Technology) 
Mahaletchumy Arujanan (ISAAA, Malaysian Biotechnology Information Centre) 
Patricia Osseweijer (Delft University of Technology) 
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regarding applications of agricultural biotechnology? The findings of the study will be used to 
identify areas that require attention during the design of intervention strategies for 
encouragement of more actively engaged role of scientists in policy-making.  

 

 

 

Appendix B: Online survey with ISAAA subscribers 
Dear scientist, 

Thank you for taking the time to complete this survey. 

Objective: This survey attempts to understand factors that influence scientists' intention to 
engage (or not to engage) in policy-making regarding agricultural biotechnology. It is a part of 
a larger project (Empowering scientists for societal responsibility in the policy context) and it 
is funded by the BE-Basic foundation http://www.be-basic.org/. 

Time to complete: 7 - 10min 
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 Cooperation with policy makers and others to integrate scientific results in policy 
decisions (i.e. by providing comments on draft legislation) 
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Sincerely, 
 
Zuzana van der Werf Kulichova (Delft University of Technology) 
Mahaletchumy Arujanan (ISAAA, Malaysian Biotechnology Information Centre) 
Patricia Osseweijer (Delft University of Technology) 
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Your perception about the current regulatory climate for agricultural biotechnology 

Please indicate your opinion about the following statements. 

 
1) I feel that regulatory frameworks in my country: 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
disagree 

Facilitate deployment of benefits from 
biotechnology in timely manner           

Ensure consumers' free choice           

Ensure farmers' free choice           

Encourage public sector research in agri 
biotech (laboratory conditions)           

Encourage public sector research in agri 
biotech (experimental field trials in open 
environment) 

          

Encourage commercialization of agri biotech 
products           

Facilitate approvals of agri biotech products 
for import           

 

  
 
 
2) Regulatory standards in my country are mostly based on: 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
disagree 

Available scientific evidence regarding 
environmental and human safety of GM crops           

Political preferences           

Public preferences           

Anti GMO activists preferences           
 

  
  

 

 

 3) I think most policy makers 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
disagree 

Have access to scientific knowledge           

Read scientific publications           

Have scientific literacy to interpret results of 
my work           

Consider results of public sector research in 
their regulatory decisions           

Are influenced by anti GMO activists      
 

 

Your beliefs about the role of scientists in society 

Please indicate your opinion about the following statements. 

 
4) I believe that participation of public sector scientists in policy-making regarding agri 
biotech is ... (please indicate your opinion below) for creating agri biotech regulations. 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
disagree 

Important           

Necessary           

Influential           

Essential           
 

  
 
5) My engagement in policy-making is: 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
Disagree 

My social responsibility           

Detrimental to my scientific credibility           

Detrimental to my professional career           

Part of my job scope           
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Your perception about the current regulatory climate for agricultural biotechnology 
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 6) My engagement in policy-making regarding agri biotech is: 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
disagree 

Worthwhile           

Enjoyable           

Personally rewarding           

Opportunity to learn           

Opportunity to make my research more 
impactful           

Opportunity to make my research visible           

My responsibility towards ensuring food 
security, poverty alleviation and sustainable 
development 

          

 

  

 

  

 

 

Perceived constraints to your engagement in regulatory debates 

Please indicate your opinion about the following statements. 

 
7) If I wanted to engage in policy-making regarding agri biotech, I feel I would lack: 

  Strongly 
agree Agree I don't 

know Disagree Strongly 
disagree 

Communication skills           

Training           

Funding           

Time           

Institutional support           

Economic benefits           

Professional benefits           
 

  
 
 
8) I never followed communication training course. 

True   

False   
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Perceived approval and support for engagement 

Please indicate your opinion about the following statements. 

 
9) I think that scientists' engagement in policy-making should be: 

  Strongly 
Agree Agree I don't 

know Disagree Strongly 
Disagree 

Done on a personal title in scientist's free 
time           

Governed institutionally (through clear 
institutional policies)           

Recognized as a part of scientific 
performance criteria           

Done by dedicated science-policy specialist           
 

  
 
10) I believe that scientists who engage in policy-making should be accountable to the 
university/research institute for the statements they make.  

Strongly agree   

Agree   

I don't know   

Disagree   

Strongly disagree   
  
 
  

 

 

11) My university/research institute has policies that support engagement in science 
outreach activities. 

Strongly agree   

Agree   

I don't know   

Disagree   

Strongly disagree   
  

Institutional support 

12) I think that these people/entities would be supportive of my policy engagement. 

  Strongly 
Agree Agree I don't 

know 
Disagre

e 
Strongly 
disagree 

My boss           

My scientific peers           

The institute I work at           

Other policy stakeholders - Industry           

Other policy stakeholders - NGOs           
 

  

Past experience and the future intention 

 
13) How many times during your scientific career have you participated in science outreach 
activities? 

     
  
14) How many times during your scientific career have you participated in policy-making 
regarding agricultural biotechnology? 
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Perceived approval and support for engagement 
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15) If you answered 'Zero times' to question 13 and/or 14 could you provide at least one 
reason why you did not engage? 

     
  
16) I would like to actively engage in regulatory debates in the forthcoming year. 

Strongly agree   

Agree   

Not sure   

Disagree   

Strongly disagree   
  
17) I will do my best to engage in regulatory debates in the forthcoming year. 

Strongly agree   

Agree   

Not sure   

Disagree   

Strongly disagree   
  
18) I have planned to engage in regulatory debates in the future. 

Strongly agree   

Agree   

Neutral   

Disagree   

Strongly disagree   
  

 

 

Your personal details 

Please select an appropriate option. 

 
19) Gender 

Male   

Female   
  
20) Your nationality. Please, select below. 

  
21) How old are you? 

     
  
22) My current employer is classified as: 

Public sector research institute   

University/Academia   

Industry   

Other (please specify) 
   
  
23) Your professional occupation. Please, select below. 

Junior research fellow (including PhD candidate)   

Senior research fellow (including postdoctoral research)   

Assistant professor (Completed PhD and Postdoc)   

Associate professor (4-8 years after assistant professor)   

Junior full professor (leading a research group)   

Senior full professor (leading a department of university/research institute)   

Other (Please Specify): 
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24) Your years of experience in scientific research 
     
  
25) I currently work on.. (Please indicate you current research focus) 

     
  
26) My project is located at this stage: 

Laboratory research   

Confined field trials   

Release into environment   

Pre-commercial testing   

I am social scientist (Please specify your field) 
   
  
27) How many years has your research project been running? 

     
  
28) Are you member of any organization that facilitates engagement of scientists in policy-
making? 

Yes   

No   

If you answered yes could you specify which organization? 
   
  

 

  

 

 

General comments and remarks 

Please add any comments and remarks you may have regarding your active engagement in 
regulatory debates regarding agricultural biotechnology. 

29) Comments and Remarks 
     
  
Thank you for completing the questionnaire. If you are further interested in this project you 
can find regular updates on http://tudelft.academia.edu/ZuzanavanderWerfKulichova 
or contact me via email: z.vanderwerf-kulichova@tudelft.nl 
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28) Are you member of any organization that facilitates engagement of scientists in policy-
making? 

Yes   

No   

If you answered yes could you specify which organization? 
   
  

 

  

 

 

General comments and remarks 

Please add any comments and remarks you may have regarding your active engagement in 
regulatory debates regarding agricultural biotechnology. 

29) Comments and Remarks 
     
  
Thank you for completing the questionnaire. If you are further interested in this project you 
can find regular updates on http://tudelft.academia.edu/ZuzanavanderWerfKulichova 
or contact me via email: z.vanderwerf-kulichova@tudelft.nl 



188

Appendices

 

 

Appendix C: Interview guide 
Background information 

Interview Date: 

Gender 1. Male 
2. Female 

Age 3. < 30 
4. 30-40 
5. 41-50 
6. 51-60 
7. > 60 

Nationality  

Research field  

University or Institute 

Place 

Country 

 

Function 8. Technician 
9. PhD  
10. Postdoc  
11. Assistant Professor  
12. Associate Professor  
13. Junior Full Professor 
14. Senior Full Professor  
15. Other: … 

( 
 

Years of experience in academic research 16. 0-5 years 
17. 6-10 years 
18. 11-15 years 
19. 16-20 years 
20. > 20 years 

Other work experience 21. Industrial: … 
22. Governmental: … 
23. Educational: … 
24. Other: … 

 

 

 

Introduction 

Thank you very much for allowing me to interview you. This interview will take about an hour 

and consists of four parts. First, I would like to ask you some general questions. Secondly, I 

would like to discuss what role scientists could take in policy-making regarding genetically 

modified organisms and what your attitude is towards this role. Then, I would like to discuss 

how social judgments of others, such as your academic peers, influence your decision whether 

or not to involve in policy-making as a scientist. Finally, I would like to discuss how you 

perceive your ability to involve in policy-making. Therefore, I would like to ask for your 

cooperation to answer the questions as concise as possible. I will ask for more information 

when necessary. Thank you very much.   

Part 1 

1) Could you explain me in 2-3 sentences something about your research? 

2) Do you come in contact with EU legislation and policy-making regarding GMOs? 

3) Are you involved in policy-making regarding GMOs? If so, how? What kind of activities? Via 

institutions/organizations/individually? 

 

Part 2 Attitude towards policy engagement 

Now, we will start the second part of this interview. I would like to discuss your opinion about 
policy-making and the involvement of scientists in this process. During the whole interview, 
we will discuss solely about academic biotech scientists (so not scientists from industry) and 
about European policies regarding genetically modified organisms. 

1) Do you think that scientists have responsibility to not only publish, but also interpret 
research results for policy makers? Why? 

2) Do you think that scientists should personally involve in policy-making or that science and 
policy-making should be separated processes? Why? 

3) Some scientists advocate on specific policy decisions they prefer and thereby use science 
to reduce the scope of choice available to policy makers. In general, do you think positively or 
negatively about this? Why? 

4) It is argued that scientists should seek to clarify the scope of choice available to a policy 
maker, so not to advocate a single “best” course of action, but to address the question: what 
policy alternatives are consistent and inconsistent with scientific results? In general, do you 
think positively or negatively about this? Why? 
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5) We discussed your opinion about several roles for scientists in policy-making. You told me 
before you are involved in policy-making. What role do you take?  

When scientist was not involved in policy-making the question was: Which role would you like 
to take? 

6) Do you see this as a part of your job? 

When scientist was not involved in policy-making the question was: Would you see this role as 
a part of your job? 

7) How important is it for you to be involved in policy formation? Why? 

When scientist was not involved in policy-making the question was: Do you think it would be 
useful to take this role in policy-making? Why? 

8) Could you express your feelings about involvement in policy-making debates? After this 
steering question: enjoyment, satisfaction, fear, anger, grief, worries, and sadness… 

9) What do/would you hope to achieve from this involvement? Can you explain why and how 
it is/it would be useful? After this steering question: Is it useful? For your research? For 
academic research in general? For society? 

10) How do/would you evaluate your effort that you put into the involvement in policy-
making? After that steering question: You mentioned before you spend.. Do you think this is 
too much or not enough time? Does it have effect on your professional career? Why? 

 

Part 3 Judgment of social context 

We discussed your opinion about policy-making. I would like to discuss with you what you 
believe the opinion of other people is about policy-making and especially your involvement as 
a scientist in this process.  

1) How do you think your academic peers would evaluate your involvement in policy-making? 
Who are these academic peers? How does this influence your decision to involve in policy-
making? 

2) How do you think other stakeholders in policy debates would evaluate your involvement in 
policy-making? Who are these other stakeholders? How does this influence your decision to 
involve in policy-making? 

3) How do you think the general public would evaluate your involvement in policy-making? 
How does this influence your decision to involve in policy-making? 

4) Are there other people in your personal environment, such as family and friends whose 
opinion influences your decision to involve in policy-making? 

 

 

5) We discussed several things that affect you when deciding to involve in policy-making 
(Summarize). Could you indicate which of these factors influences mostly your decision 
whether to involve in policy-making? 

 

Part 4 Perceived ability to involve in policy-making 

Thank you for sharing your opinions and feelings with me. In the final part of this interview I 
would like to discuss with you what factors influence your ability to involve in policy-making. 

1) What competences does a scientist need to have to involve in policy-making? Do you think 
you have the right competences? 

2) You mentioned before you spend.. (time). Does your organization have a strategy to do 
these kinds of activities? Or do you do this in your personal time? Do you have sufficient time?  

When scientist was not involved in policy-making the question was: Does your organization 
have a strategy to do these kinds of activities? Or would you need to do it in your personal 
time? 

3) Does it cost money to involve in policy-making? How do you get this money? From 
funding or do you pay personally? Do you have sufficient money available to involve in policy 
formation? 

When scientist was not involved in policy-making the question was: Would it cost money to 
involve in policy-making? How could you get this money? 

4) Are there any other factors that (would) influence your ability to engage in policy-making? 

I have a final question for you. We discussed about the importance, usefulness, your 
personal feelings, and social judgements and about your perceived ability to involve in 
policy-making. Which of these factors influences mostly your decision whether or not to 
engage in policy-making? Why? 
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