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Abstract  

This thesis is written within the contemporary classical institutional economics tradition. 

The intention has been to provide insight into how different institutions can enable us to 

avoid harmful effects and generate beneficial effects on the environment and food 

security from genetically modified organisms (GMOs). This is done by analysing how 

institutions influence perspectives on GMOs, the GMOs that are developed and 

commercialized, as well as our ability to handle possible uncertain and unknown effects 

of GMOs. The thesis consists of 4 papers.  

Paper 1 analyses scientists’ perspectives on the release of GMOs into the 

environment, and the relationship between their perspectives and the institutional 

context that they work within, e.g. their place of employment (university or industry), 

funding of their research (public or industry) and their disciplinary background 

(ecology, molecular biology or conventional plant breeding). Q-methodology is 

employed to examine these issues. Two distinct perspectives are identified by 

interviewing 62 scientists. Perspective 1 is characterised by a moderately negative 

attitude to GMOs and the uncertainty and ignorance involved are emphasised. Perspec-

tive 2 is characterised by a positive attitude to GMOs and it is emphasised that GMOs 

are useful and do not represent any unique risks compared to conventional crops. The 

results show a strong association between scientists’ perspective on GMOs and the 

explanatory variables training, funding and place of employment.  

Paper 2 analyses how different institutional structures shape the research and 

development (R&D) of GMOs. Whether this R&D is conducted within companies, 

cooperatives or public research organisations is expected to influence the type of crops 

and traits that are developed and therefore the effects on society and ecosystems that 

potentially could follow from the use of GMOs. This issue is analysed empirically by 

statistical analysis of 1323 notifications for field trials with GMOs in the EU. The 

results show that the type of R&D organisation influences strongly the traits and crops 

that are developed. 

Paper 3 analyses how the type of regulation for marketing of GMOs influences 

which GMOs that are commercialised. The EU and Norway have assessed the release of 

GMOs as commercial products quite differently. Of twenty four notifications approved 

by the EU, Norway has approved four, rejected ten, and has ten pending. The paper 

examines whether these differences could be explained by different judgments 

concerning the effects to be prevented and encouraged, response to uncertainty and 
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ignorance, and the burden of proof defined. Norwegian rejections are found to be 

explicable by the combination of no real benefit to society, lack of scientific knowledge, 

and involved risks. The main explanation for the EU approvals is that they see no reason 

to believe that there will be any adverse effects on health and the environment.  

Paper 4 analyses how capable three different governance regimes are for 

adequate handling of uncertain and unknown effects of GMOs. GMOs are characterised 

by strong uncertainty. This implies that procedures for identification, reduction and 

monitoring of uncertainty, as well as how to treat irreducible uncertainty will be highly 

incomplete. Governance mechanisms that facilitate cooperative adaptation and 

communicative rationality (communicate with the intention of reaching agreement 

exclusively via the force of better arguments) are therefore needed. The three 

governance regimes compared are: GMOs are produced by private firms and these firms 

are made liable for harm (GR1), GMOs are produced by private firms and the 

government decides whether the crops should be marketed (GR2), GMOs are produced 

by public research organisations and the government decides whether the crops should 

be marketed (GR3). GR3 will be stronger in cooperative adaptation and communicative 

rationality than GR2. Public research organisations have fewer conflicts of interest with 

the government than private firms, and academic norms are important as opposed to 

firms where commercial norms are important. Difficulties in proving harm and 

identifying the responsible firm will make GR1 weak in cooperative adaptation and 

communicative rationality.  

Based on the results of this thesis it is advised that consideration of the 

environment and food security justify institutional reforms concerning how we decide 

which GMOs that should be released into the environment and how we organise the 

R&D of GMOs. My analysis suggests that it is important to involve scientists from 

several disciplines in public marketing decisions on new technologies and that 

information about the contextual background of the scientists is relevant in these 

decisions. There are strong arguments for changing current practise where those that 

apply for marketing approval of GMOs also produce the risk assessment prior to 

marketing and the post marketing monitoring. It is further important to increase public 

GMO research to secure scientific advices and development of products that are 

independent from the priorities of the industry and to a greater extent could serve public 

needs. 
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Sammendrag  

Denne avhandlinga er skrevet innenfor en moderne, klassisk institusjonell økonomisk 

tradisjon. Hensikten har vært å frambringe kunnskap om hvordan ulike institusjoner kan 

gjøre oss i stand til å unngå skadelige og å frambringe gunstige effekter av genetiske 

modifiserte organismer (GMOer) på miljø og matvaresikkerhet. Dette er gjort ved å 

analysere hvordan institusjoner påvirker perspektiver på GMOer, hvilke GMOer som 

utvikles og kommersialiseres, samt vår evne til å håndtere usikre og ukjente effekter av 

GMOer. Avhandlinga består av 4 artikler.  

Artikkel 1 analyserer 62 forskeres syn på effekter av GMOer, og sammenhengen 

mellom synet deres og den institusjonelle konteksten de arbeider i, i form av type 

arbeidsplass (universitet eller industri), finansiering av forskning (offentlig eller privat) 

og fagdisiplin (økologi, molekylær biologi, eller tradisjonell planteforedling). Ved bruk 

av Q-metode ble to ulike syn identifisert. Syn 1 innebar en moderat negativ holdning til 

GMOer og vektla usikkerhet og uvitenhet. Syn 2 innebar en positiv holding til GMOer 

og vektla at GMOer er nyttige og ikke vesentlig forskjellige fra konvensjonelle 

landbruksvekster. Resultatene viser en sterk sammenheng mellom forskeres syn på 

GMOer og forklaringsvariablene utdanning, finansiering og type arbeidsplass.  

Artikkel 2 analyserer hvordan ulike institusjonelle strukturer former forskning og 

utvikling (F&U) av GMOer. Vi forventa at om denne F&U blir gjort enten i private 

bedrifter, landbrukssamvirker, eller offentlige forskningsorganisasjoner påvirker hvilke 

arter og egenskaper som blir utvikla og dermed hvilke samfunns- og miljøeffekter som 

kan følge fra GMOer. Vi studerte dette ved hjelp av statistisk analyse av 1323 søknader 

om feltforsøk med GMOer i EU. Resultatene viser en sterk sammenheng mellom type 

forskningsorganisasjon og hvilke arter og egenskaper som blir utvikla.  

Artikkel 3 analyserer hvordan type regulering for omsetning av GMOer påvirker 

hvilke GMOer som blir godkjent for kommersiell bruk. Den europeiske unionen (EU) 

og Norge har vurdert søknader om omsetning av GMOer forskjellig. Av 24 søknader 

som er godkjent av EU, har Norge godkjent fire, avvist ti og ikke tatt stilling til ti. 

Artikkelen analyserer om disse forskjellene kan forklares med ulike vurderinger av 

hvilke effekter som er ønska og uønska, hvordan man reagerer på usikkerhet og 

uvitenhent og hva som er en rimelig bevisbyrde. De norske avslaga kan forklares med at 

de ikke kunne se at GMO-søknadene hadde samfunnsmessig nytteverdi eller var 

bærekraftige, samt at de vektla uheldige miljøeffekter og mangel på vitenskapelig 
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kunnskap. Hovedforklaringen på godkjennelsene i EU er at de ikke fant noen grunner til 

at skadelige effekter ville inntreffe.  

Artikkel 4 analyserer hvor egna tre ulike regimer er for å håndtere usikre og 

ukjente effekter av GMOer. Stor usikkerhet knytta til GMOer medfører at prosedyrer for 

å identifisere, redusere og overvåke usikkerhet, samt hvordan man skal håndtere ikke-

reduserbar usikkerhet blir ufullstendige. Styringsmekanismer som legger til rette for 

samarbeidsvilje og kommunikativ rasjonalitet (kommunikasjon som har til hensikt å 

oppnå enighet ved bruk av argumenter) blir derfor viktig. Følgende tre regimer er 

sammenligna: GMOer produseres i private bedrifter og disse bedriftene er ansvarlige for 

eventuelle skader (R1), GMOer produseres i private bedrifter og myndighetene 

bestemmer hvilke GMOer som kan omsettes i markedet (R2), GMOer produseres i 

offentlige forskningsorganisasjoner og myndighetene bestemmer hvilke GMOer som 

kan omsettes i markedet (R3). Det er sannsynlig at R3 vill føre til bedre samarbeidsvilje 

og mer kommunikativ rasjonalitet enn R2. Offentlige forskningsorganisasjoner har færre 

interessekonflikter med myndighetene enn de private, og de er i større grad karakterisert 

av akademiske normer. Kommersielle normer har derimot en større plass i private 

bedrifter. Vanskeligheter med å bevise skade og skadegjører kan føre til at R1 gir svak 

samarbeidsvilje og lite kommunikativ rasjonalitet.  

Funnene i avhandlingen innebærer at dersom hensyn til miljø og 

matvaresikkerhet er viktige, bør man gjennomføre institusjonelle endringer av hvordan 

man beslutter hvilke GMOer som kan omsettes i markedet og hvordan samfunnet 

organiserer F&U av GMOer. Min analyse antyder at det er viktig å involvere forskere 

fra ulike disipliner i offisielle beslutninger om hvilke GMOer som kan omsettes og at 

informasjon om den kontekstuelle bakgrunnen til disse forskerne er relevant. Det er 

sterke argumenter for å endre dagens praksis hvor de som søker om å få omsette GMOer 

i markedet også gjennomfører risikovurderingen og overvåkningen. Det synes videre 

viktig å øke andelen offentlig GMO-forskning for å sikre vitenskapelige råd som er 

uavhengige av industrienes prioriteringer og som i større kan tjene samfunnets 

interesser.  
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Introduction 

A feature of the modern world is the rapid development of new technologies that potentially 

could have great – and often irreversible – impacts on humans and their interaction with the 

natural environment. Novel technologies often bring novel risks, which are hard or impossible 

to predict. Jaffe et al. (2003) emphasise that the environmental impact of human activity is 

profoundly affected by the rate and direction of technological change and that new 

technologies may create or facilitate increased pollution, or may mitigate or replace existing 

polluting activities. Technologies are furthermore shaped by the society and its institutional 

structures (Lam, 2002; Bijker, 19951

Markets will not provide a social optimal amount of sustainable technologies or a 

social optimal diffusion of sustainable technologies (Aldy et al., 1998). This is explained by 

the fact that firms cannot fully appropriate rents from technology development and adoption; 

that the uncertainty associated with the returns to investment in innovation is often 

particularly large; and that firms cannot capture all the benefits of environmental services. 

Policy-makers should therefore compliment environmental policy with instruments designed 

explicitly to foster the development and diffusion of sustainable technologies (Jaffe et al., 

2005). Foxon and Pearson (2008) emphasise that it is necessary to bring innovation and 

environmental policy regimes together. Policy for sustainable development may have 

different or even opposing objectives and imperatives to the goal of economic growth which 

usually underlies innovation policy (op. cit.). Sustainable technologies must often compete 

not only with components of an existing technology, but also with the overall institutional 

; Metcalfe, 1995; Westrum, 1991). By influencing which 

kind of considerations that can or should be taken into account in the development and 

adoption of new technologies, the institutional context will influence what types of 

technologies that are developed and adopted. What kind of incentives and motivations that are 

established for those who develop and adopt new technologies are therefore crucial for 

achieving sustainable development. Institutions for encouraging the development and 

diffusion of sustainable technologies as well as institutions that enable preventing 

environmental harm from potentially harmful technologies are needed. Grübler et al. (2002) 

emphasise that we do not yet have sufficient scientific knowledge about the sources and 

management of innovations to properly inform the policy-making process that affects 

technology-dependent domains such as agriculture and its’ interaction with the environment.  

                                                 
1 Bijker (1995) does not use the term ’institutions’ but ’social factors’.  
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system in which it is embedded. This requires public policies to generate incentives for new 

technological systems that are more favourable to sustainable technologies, and to overcome 

barriers created by the prevalence of incumbent technologies or systems (op. cit.). 

Institutions for dealing with negative environmental externalities from potential 

harmful technologies include market mechanisms like taxes and tradable permits. These 

systems do, however, not address the large uncertainty inherent in most environmental 

problems (Cornwell and Costanza, 1994). Flexible environmental assurance bonding system, 

designed to incorporate environmental criteria and uncertainty into market incentives or 

command and control measures might be more suited for dealing with uncertainty and 

technologies that might be socially undesirable. Prior to marketing, risk assessment by 

scientific experts and risk management by the policy makers represent the most common 

current policy measure for dealing with potential harmful technologies (Millstone, 2007). 

Various types of public participation with different stakeholders have been suggested to 

improve these processes (see for example Wiek et al., 2007; Funtowicz and Ravetz, 1992). 

These types vary from consulting the civil society in the decision-making processes to making 

citizens actively involved in the production, control and validation of science and technology 

(Bäckstrand, 2003) and may include consensus conferences, participatory technology 

assessment, citizen juries, public hearings and constructive technology assessment. Overall, 

public participation has been identified as one of the key factors for achieving a sustainable 

redesign of society (Elliott, 1997). 

Genetically modified organisms (GMOs) are an example of a new technology that has 

the potential to influence both society and ecosystems in a novel way. This thesis is aimed at 

increasing our knowledge about which institutions that can enable sustainable use and 

development of GMOs. More specifically I examine scientists’ perspectives on GMOs, and 

the relationship between their perspectives and the institutional context that they work within, 

how different institutional contexts shape the GMOs that are developed, how the formal 

institutions governing the release of GMOs in the EU and Norway influences which GMOs 

that are marketed and finally how different governance regimes enable us to deal with 

uncertain and unknown effects of GMOs.  

The introduction starts by presenting the background of the thesis. This includes the 

importance of institutions for humans and their interaction, a brief presentation of GMOs and 

their potential environmental and socio-economic effects and the uncertainties involved. The 

purpose of the theses and a summary of the four papers are then presented. Finally, I examine 

what can be learned from this thesis and its policy implications.  



 3 

 

Institutions 

This thesis is written within the contemporary classical institutional economics tradition. 

Institutions are here seen as the conventions, norms and formally sanctioned rules of a society 

(Vatn, 2005). Institutions shape, enable and constrain human choices by defining choice sets, 

by simplifying and regularising situations and by influencing our preferences, values and 

interests. The last aspect is what makes the classical institutional perspective distinct from 

other institutional tradition like new institutional economics2

Institutions shape individuals by defining social practices and assigning roles to the 

participants in these practices (Young, 2002). A role could be defined as “any relatively 

standardised social position, involving specific rights and obligations which an individual is 

expected or encouraged to perform” (Jary and Jary, 2000 p. 524). Being a scientist, mother, 

consumer, citizen, or house owner are all examples of roles that individuals take on. Roles 

define the goals or the interests that should be pursued, which acts are appropriate and which 

values that should be supported (Scott, 1995; Berger and Luckmann, 1967). According to this 

perspective the institutional context therefore influences which considerations that can or 

should be taken. The goals, interests, values and acts of for example a broker, a mother or a 

coach will differ. What is rational or reasonable to do does therefore depend on the 

institutional context. This context does, however, not determine entirely human choices. 

Individual factors also play an important role.  

 where the focus is on institutions 

as the constraints or choice set within which individuals act and choose.  

Institutions furthermore influence our perceptions. Individuals see nature and society 

through socially constructed concepts (Berger and Luckmann, 1967). Wynne (1992) 

emphasises for example that scientific ‘facts’ has to be actively read into nature. Language 

plays a crucial role in that respect by influencing the nature of our thinking about the world 

(Sapir, 1985; Whorf, 1956). Certainly, how nature is, influences our thinking about nature. 

However, as Metzner-Szigeth, (2009 p. 163) emphasises, our understanding of the world is 

also “products and constructs of social actions and social communication in their context of 

material and symbolical interaction between nature and society”.  

Formal rules are mainly important as forming constraints or choice sets within which 

individuals choose (Vatn, 2005). Formal rules are necessary when interests are strongly 

conflicting and norm building will be insufficient. The very essence of formal rules is exactly 
                                                 
2 Important writers within this tradition are Douglass North, Oliver Williamson and Ronald Coase. 
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to protect certain interests (Bromley, 1989). A law that regulates who are allowed to pick 

berries and mushrooms in the forest will for example determine whether it is the land owners’ 

interests or the interests of the landless that should be protected by the state. 

Institutions do furthermore form an important part of governance as governance 

concerns “the different ways in which societies can organise themselves to accomplish their 

goals” (de Loë et al., 2009 p. iii). The chosen governance regime will influence which types 

of motivations that are fostered and thereby which kind of considerations that can or should 

be taken into account.   

 

GMOs and their (potential) social and environmental effects 

GMOs are organisms whose genetic material has been altered by the use of recombinant DNA 

techniques for gene transfer (Thompson, 2003). These techniques are employed to produce 

organisms whose genomes have been altered at the molecular level, usually by the inclusion 

of genes from unrelated species of organisms that code for traits that would not be obtained 

easily through conventional selective breeding (Encyclopædia Britannica, 2009). Today, the 

majority of the GMOs that are deliberately released or developed for deliberate release into 

the environment are genetically modified (GM) crops. In 2008 four crops (soybean, maize, 

cotton and canola) and three types of traits (herbicide tolerance, stacked3

The deliberate release of GM crops into the environment has been highly controversial 

in some parts of the world and been subject to polarised debate within the scientific 

community (Lacy et al., in press). Concerns have been raised about possible environmental 

effects, health effects, socio-economic effects as well the possibility for uncertain and 

unknown effects. This section gives a brief presentation of possible environmental and socio-

economic effects. Health effects are not a part of this thesis and are therefore excluded from 

the analyses.  

 traits and insect 

resistance) occupied more than 99 percent of the global GM crop area (James, 2008). We also 

observe concentration in the companies that develop GM crops (Fulton and Giannakas, 2001). 

An example is that 58 percent of all field trial notifications in the EU were submitted by 3 

companies in the period 2008-2009.  

 

                                                 
3 If more than one gene from another organism has been transferred, the GM crop has stacked traits. The most 
usual combination are crops that confer resistance to insect pests and herbicide tolerance.  
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 Environmental effects 

The environmental effects of cultivating GM crops depend on the gene(s) that are inserted, the 

species of the crop plant, the environment into which it is introduced and the management of 

its cultivation (Ervin et al., 2000). Effects of GM crops could further result from either the 

GM crop itself, gene transfer to other organisms or changes in agricultural practice.  

A possible environmental effect of GM crops is invasiveness in natural habitats 

(Conner et al., 2003). This is most likely for GM crops that are tolerant to extreme 

temperatures and soil salinity or GM crops that are resistant to pests or pathogens or changes 

in seed dormancy and propagation characteristics (Dale et al., 2002). GM crops could also 

have other non-target effects on organisms in their environment (Craig et al., 2008). These 

effects could both be direct and indirect. Insect resistant GM crops could for example harm 

non-target butterflies directly (Aviron et al., 2009). An indirect effect that is documented from 

the cultivation of some herbicide tolerant crops is reduced bird abundance due to the removal 

of weeds from crops (Chamberlin et al., 2007).  

Certain GM crops like pest resistant and herbicide tolerant GM crops might affect 

pesticide use. Current insect-resistant and herbicide tolerant GM crops may decrease the use 

of environmentally harmful pesticides in the short run (Wolfenbarger and Phifer, 2000). The 

long run environmental effect of these crops might, however, depend on whether they 

increase resistance problems and thereby eliminate the benefits or increase the use of harmful 

pesticides (op. cit.). Weed resistant to herbicides can develop by increased selection pressure 

when continually sprayed with the same herbicide or by gene flow from a herbicide tolerant 

crop. Insect pests could become resistant because of widespread use of insect resistant crops 

(Dale et al., 2002).  

Improved soil conservation might follow from the cultivation of herbicide tolerant GM 

crops by enhancing the possibilities of conservation tillage practices that can reduce soil 

erosion and water loss (Cannell and Hawes, 1994). The cultivation of GM crops might also 

increase yield and thereby contribute to the preservation of biodiversity since less land may be 

needed for agriculture (Cattaneo et al., 2006). Another potential environmental benefit from 

recombinant DNA techniques is the development of GM crops that may provide rehabilitation 

of toxic waste sites (Barton and Dracup, 2000). GM crops might also provide an environ-

mentally friendly alternative to certain environmentally harmful production activities. Bio-

technology might for example improve the production of bio fuels (James, 2008).  

Most of the above mentioned effects are only relevant for some types of GM crops and 

most of the effects are not unique for GM crops. GM traits like herbicide tolerance could for 
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example result from both conventional and GM technologies (Barton and Dracup, 2000). It is 

further the case that both conventional crops and GM crops for example could become 

invasive, increase yields and have non-target effects. A crucial and highly debated issue is 

therefore whether there are reasons to believe that GM crops represent any more significant 

risks than other types of crops. It is being argued that genetic engineering result in a more 

precise and well-characterised introduction of genetic novelty than conventional approaches 

do, variability and unexpected results should therefore be less in GM crops than in conventi-

onally bred crops (Thompson, 2003). Others, like The GM Science Review Panel (2003), 

argue that the transfer of genes across the species barrier raises the possibility that some 

unexpected consequences of GM plant breeding may appear. Wolfenbarger and Phifer (2000) 

emphasise that it is exactly the transfer of genes across the species barriers that creates the 

greater potential, as well as risk of genetic engineering by providing a greater range of 

possibilities for transferring desired genotypes into organisms.  

 

Socio-economic effects 

The general public has raised concerns about socio-economic effects of GM crops. This has 

especially been the case in Europe where, overall, the general public thinks that GM crops 

should not be encouraged and they do not see any real social benefits from this technology 

(Gaskell et al., 2006). Results from focus groups in five European countries show that lay 

people do not react so much to genetic modification as a specific technology, but rather to the 

institutional context in which GM crops have been developed, evaluated and promoted 

(Marris, 2001).  

One of the main concerns has been the dominance of multinational corporations in the 

R&D of GM crops. Lack of trust in these companies, the impression that these companies are 

the primary beneficiaries of biotechnology as well as concerns about the growing control of 

multinational corporations over farming contributes to opposition to GM crops (Priest et al., 

2003; Moon and Balasubramanian, 2001). Lay people believe that these companies are 

motivated by profit rather than meeting society’s needs, and that they have the power to make 

their interests prevail over the wider public interest (GM PDSB, 2003). Even when people 

acknowledge potential benefits of GM technology, they are doubtful that GM companies will 

actually deliver them (GM PDSB, 2003). It is further feared that the widespread use of 

patenting in plant biotechnology will give these companies control over the resources of crop 

production and reproduction (ESRC, 1999).  
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The public has also raised concerns abut the regulation of GM crops. This includes too 

little weight given to socio-economic considerations, uncertainty and the view of the general 

public as well as the impression that economic interests often overrides health and environ-

mental considerations (Gaskell et al., 2006; Marris et al., 2002). Lay people do further 

emphasise that the use of GM crops are a further stage in the industrialisation of agriculture, 

that they are a symbol of the assault on traditional sources of food and that they are 

’unnatural’ (Lacy et al., in press; GM PDSB, 2003). Unnaturalness is related to the idea that 

scientists do not know the full extent of their work, and can not know the long-term 

consequences of their actions on ecosystems, human health and social relations (Marris, 

2001).  

Benefits for farmers and consumers in developing countries, and thereby possibilities 

for alleviation of poverty and hunger are seen as the main potential social advantages of GM 

crops by the public (GM PDSB, 2003). Farmers and consumers in developed countries might 

also benefit in the form of lower costs of production and higher productivity (James, 2008). 

Consumers might experience reduced food prices and increased food quality (Lacy et al., in 

press). Other perceived socio-economic benefits from agricultural biotechnology include 

increased employment and economic growth and thereby possibilities to secure future wealth 

(Sinemus and Egelhofer, 2007).  

 

Uncertainty 

In the previous section it was emphasised that one of the main concern related to GM crops 

concerns lack of knowledge and ability to predict effects of GMOs. To understand the 

implications of lacking predictability, it is important to distinguish between risk, uncertainty 

and ignorance. Knight (1921) made an important distinction between risk and uncertainty in 

the way that risk implies known outcomes with known probabilities, while uncertainty means 

known outcomes but unknown probabilities. A situation where even the outcomes are 

unknown is defined as ignorance (Shackle, 1955). These concepts relate to the external world 

(how the world is, was or will be) and to knowledge of the external world (what we can 

determine about the status of the world) (Strand et al., 2009). Uncertainty and ignorance can 

therefore both be reducible and irreducible. Reducible uncertainty and ignorance can be 

abridged by producing more scientific knowledge, while irreducible uncertainty and 

ignorance can not (Faber et al., 1996; Wynne, 1992). Uncertainty can be irreducible due to 

measurement problems (Spash, 2002) and ignorance can be irreducible due to the intrinsic 
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complexity or indeterminacy of many natural and social processes and the incompleteness of 

scientific methods (Stirling, 1998). What humans will do in the future is indeterminate 

(Jamieson, 2000) and ecosystems are complex, dynamic and unpredictable across space and 

time (Moore et al., 2009). When scientists are dealing with complex systems, they will also be 

unable to develop a coherent, unified picture of ‘the environment’ that everyone can agree on 

(Sarewitz, 2004). Several legitimate interpretations of identical observations are then possible 

(Stirling et al., 2007). 

We have to make a distinction between our knowledge about probabilities and 

outcomes and our beliefs about our knowledge about probabilities and outcomes. We could 

believe that our knowledge about an issue is characterised by risk or uncertainty, while in fact 

it is characterised by ignorance, and we could believe ex ante that unknown effects will occur, 

while it turns out ex post that no unknown effects occurred. It is further important to be aware 

that we can never know ex ante whether ignorance is reducible or irreducible (Faber et al., 

1996). Judgements concerning the extent to which we don’t know what we don’t know and 

how to deal with uncertainty and ignorance are intrinsically subjective and value laden 

(Stirling, 1998). We do, however, know that in situations where complex natural systems are 

interlinked with complex social systems and scientists disagrees strongly, uncertain and 

unknown effects might occur. This is exactly the case with GMOs. Wolfenbarger and Phifer 

(2000) emphasise that GMOs will be introduced into complex ecosystems, and that not every 

risk associated with the release of new organisms, including GMOs, can be identified, much 

less considered. The effects of GMOs will further depend on decisions made by a variety of 

different social actors, including millions of farmers worldwide (Jamieson, 2000).  

 

Purpose of the thesis 

From the previous sections we have learned that (1) institutions protect and shape interests, 

values and goals and they influence our perceptions, (2) that GMOs can have both positive 

and negative effects depending on the gene(s) that are inserted, the species of the crop plant 

and management, that (3) there is substantial scientific disagreement on whether GMOs 

represent more significant risks than other types of organisms, and that (4) parts of the public, 

especially in Europe, have reacted negatively to the institutional context in which GMOs have 

been developed and evaluated. It is furthermore the case that some scientists and lay people 

fear uncertain and unknown consequences of GMOs. This uncertainty forces specific 

challenges on public decision-making.  
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The purpose of this thesis has been to provide insight about how different institutions 

can enable us to avoid harm and to generate beneficial effects of GMOs with specific 

focus on environmental aspects and food security. This issue is examined by analysing 

how institutions influence perspectives on GMOs among scientists (paper 1), which GMOs 

that is developed (paper 2), which GMOs that is commercialised (paper 3) as well as our 

ability to handle possible uncertain and unknown effects of GMOs (paper 4). While paper 3 

concerns GMOs in general, the other papers only concerns GM crops. The institutions 

included in the analysis are, disciplinary background, research funding (private and public), 

type of R&D organisation (university or company), regulations for marketing of GMOs and 

type of governance regime. The aspects of a governance regime that is studied is what type of 

entities (the state or private companies or the civil society) that are involved in the production, 

prior to marketing assessment, post market monitoring and the marketing decision on GMOs.  

Table 1 presents an overview of these institutions and which of their influences are 

analysed.  

 

  

Table 1: Institutions analysed in the thesis and which of their influences are analysed 

Institutions analysed Influence on 

Disciplinary background 
 

Perspective on GMOs 

Type of research funding (private or public) and 

type of R&D organisation (university or company) 

Perspective on GMOs and 

GMOs that are developed 
 

Regulation for marketing of GMOs  
 

GMOs that are commercialised   

Governance regime (which entities should produce, 

assess, decide on marketing and monitor GMOs.) 

Ability to handle possible uncertain 

and unknown effects of GMOs 

 

 

I expected the institutions mentioned in Table 1 to be important for which considerations that 

can and should be taken into account in the development and evaluation of GMOs. 

Disciplinary background, funding and type of R&D organisation are important for the role 

that scientist take on and thereby for the obligations a scientist is expected or encouraged to 

stand up to. Being an ecologist or molecular biologist might influence what aspects of 

biological systems that are studied and the assumptions made concerning our ability to predict 
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and control nature. The obligations of industry scientists and university scientists differ. 

Public research should ideally serve public needs and intellectual inquiry while private 

companies should maximise profits. One would expect topics and issues that are external to 

the market place to be less important under industry research than for university research. 

Regulations for marketing of GMOs will define which issues are relevant in the evaluation of 

GMOs. The chosen governance regime will influence which kind of considerations can or 

should be taken into account and thereby our ability to handle uncertain and unknown effects 

of GM-crops. Whether those that are involved in the production, assessment, monitoring and 

decision making on the marketing of GM crops act in the role of the state, the role of a private 

company or the role of a citizen will influence the motivations involved.  

 

Paper 1: Scientists’ Perspectives on the Deliberate Release of GM Crops 

This paper analyses scientists’ perspectives on the release of GM crops into the environment, 

and the relationship between their perspectives and the institutional context that they work 

within, e.g. their place of employment (university or industry), funding of their research 

(public or industry), their disciplinary background (ecology, molecular biology or conven-

tional plant breeding) and type of research (applied, basic or risk research). It is important to 

study these issues since scientists play a key role in the introduction of new technologies. 

They are often the ones that develop these technologies and the ones that are called as experts 

to evaluate the safety of new technologies. 

We employed Q-methodology and logistic regression to examine these issues. Q 

methodology is a type of discourse analysis that enables the identification of common patterns 

of opinion held by a certain group of people. Respondents were asked to sort a given number 

of statements, in relation to each other, according to an evaluative profile ranging from agree 

to disagree. These individual Q sorts were factor analysed to identify patterns of communality 

and divergence in expressed viewpoints. Two distinct factors were identified by interviewing 

62 Scandinavian scientists. These two factors included 92 per cent of the sample.  

Factor 1 scientists had a moderately negative attitude to GM crops and strongly 

emphasised the unpredictability of the environmental effects of GM crops, while they had no 

strong opinion on claimed positive consequences of GM crops and whether GM crops are 

fundamentally different from conventional crops. The presence of negative consequences of 

growing GM crops is moderately emphasised. This means that less emphasis is put on known 

possible harmful effects than on unpredictability. They had little confidence in gene 

technology research undertaken by industry. Factor 2 scientists had a positive attitude to GM 
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crops and strongly emphasised that GM crops are not fundamentally different from 

conventional crops and that these crops are likely to have major positive consequences. They 

had no strong opinion on the predictability of the environmental effects of GM crops or on 

potential negative impacts from growing GM crops. They had confidence in gene technology 

research undertaken by industry.  

The contextual characteristics of the scientists revealed a clear pattern concerning the 

perspective they hold on GM crops. All the industry-employed scientists held perspective 2, 

while university-employed scientists were associated with both perspectives. Scientists that 

have some type of industry involvement4

 

 were very likely to be associated with perspective 2, 

while scientists that only receive public funding were somewhat more likely to hold 

perspective 1 than perspective 2. None of the ecologists held perspective 2, while 73 % of the 

molecular biologists held perspective 2 and 67 % of the conventional plant breeders held 

perspective 1. Type of research had no significant effect.  

Paper 2: Institutions and the R&D of GM crops 

This paper analyses how different institutional structures shape the research and development 

(R&D) of GM crops. Whether this R&D is conducted within private companies, cooperatives 

or public research organisations is expected to influence the type of crops and traits that are 

developed and therefore the effects on society and ecosystems that potentially could follow 

from the use of GM crops. The fact that crops are biological products that are easily 

reproduced imply certain obstacles for creating the necessary economic returns in markets. 

Company research does therefore require products with some kind of excludability. Legal 

means to secure profits like plant variety protection, patents, and contract growing provide 

incomplete, protection for GM seeds (Srinivasan and Thirtle, 2003). I therefore expected 

company research to focus on R&D that makes crops biologically excludable to secure return 

on private investments. Biological means for making crops excludable include the 

development of v-gurts (terminator seeds), hybrid seeds, and herbicide-tolerant crops that are 

developed by an organisation that also market the particular herbicide. I further expected 

company research to focus on crops and traits that are widely demanded and crops and traits 

that can be developed at sufficiently low costs. Public research organisations were expected to 

be more likely to focus on issues that are external to the market like environmental and food 

security effects than the other types of R&D organisations.  
                                                 
4 University-employed scientists that have some industry funding or are purely industry funded, and industry-
employed scientists. 
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 These issues are analysed empirically by statistical analysis of 1323 notifications for 

field trials with GM crops that have been submitted under two EU Directives in seven 

European countries. By five logistic regression models I examined whether the share of 

biologically excludable crops, the share of crops that is widely grown, the share of traits that 

are inexpensive to develop and the share of biosafety research depends on the interest and the 

country that are involved in the R&D of GM crops. I also included the time period when the 

notification was submitted. ‘Interest’ refer to different combinations of type of organisation 

(company, cooperative, public research organisation) and funding (private or public) and 

include ‘company’, ‘cooperative mix’5, ‘public mix’6, and ‘pure public’7

Generally, the analyses of the models supported the hypotheses. Exceptions were that 

‘cooperative mix’ not differ significantly from ‘public mix’ for crops that are made biological 

excludable by biotechnology and crops that are widely grown, that ‘public mix’ not differ 

significantly from ‘pure public’ for crops that are widely grown and traits that are inexpensive 

to develop, and that ‘cooperative mix’ does not differ significantly from ‘pure public’ for 

traits that are inexpensive to develop. For biosafety research there is one significant difference 

between the interests. ‘Company’ differs from all the others. Hence ‘company’ stands out as 

the interest that always come out different from the other interests, while the other interests 

sometimes differ significantly from each other and sometimes not. Another important finding 

is that only 3 percent of the notifications concerned no other purpose than biosafety research.  

) I expected the share 

of excludable GM crops that are widely grown and/or include traits that are inexpensive to 

develop to be greatest in companies, followed by ’cooperative mix’, ‘public mix’, and ‘pure 

public’. I expected the share of biosafety research to be greatest in ‘pure public’, followed by 

‘public mix’, ‘cooperative mix’ and ‘company’.  

These results indicate that consideration of the environment, food safety and food 

security might justify institutional reforms of R&D of GM crops. Biological excludable crops 

might increase agricultural weed-management problems and affect food security negatively if 

the supply of seeds to farmers is hampered. Increased biosafety research is important to 

produce knowledge about negative effects on the environment, food security and food safety 

of GM crops. These reforms might include increased public funding combined with less use 

of legal means to secure profits.  

                                                 
5 R&D projects that have some kind of cooperative involvement. Cooperatives are included in this category 
because the database contains only a few pure cooperatives. 
6 R&D projects that have both public and private involvement. 
7 R&D projects that only have public involvement. 
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Paper 3: Regulating the Release of GMOs: Contrasts between the European Union and 

Norway  

This paper analyses how the type of regulation for marketing of GMOs influences which 

GMOs that are commercialised. The EU and Norway have assessed the release of GMOs as 

commercial products quite differently. Of 24 notifications approved by the European Union 

between 1993 and 2007, Norway has approved 4, rejected 10, and has 10 pending. We 

examine whether these differences could be explained by different value judgments made in 

the formulation and implementation of regulations for commercialisation of GMOs. Three 

aspects are discussed: the effects to be prevented and encouraged, response to uncertainty and 

ignorance, and the burden of proof. An important implication of uncertainty and ignorance is 

that value judgments concerning how the burden of proof should be framed become crucial 

for decisions on GMO release. Proving harm and proving safety may be impossible. Finally, 

we analyse how these value issues are treated, i.e. whether they actually are treated as value 

issues or merely as technical issues.  

 The methods used are analyses of public documents and interviews with civil servants 

in the European Commission and Norway. The Norwegian and the EU regulations require 

that those who want to release GMOs into the environment should submit a notification that 

contains a prior risk assessment of health and environmental effects. The two regulations are, 

however, unclear on which health and environmental effects that is unwanted. The prior 

assessments that have been undertaken in the EU and Norway include almost the same health 

and environmental effects. Some of the properties of the GMOs are, however, evaluated as 

more harmful for health and environment in the Norwegian decisions than in the EU 

decisions. The Norwegian regulation also requires that effects on sustainable development 

and benefits to society should be evaluated and it has been concluded that the notifications 

provide no real benefit to society.    

The Norwegian regulation emphasises that the existence of uncertainty and ignorance 

direct against approval while the EU regulation is unclear on this. In all the 24 EU approvals, 

it was concluded that there is no reason to believe that there will be any adverse effects on 

human health or the environment. The Norwegian government has made a similar conclusion 

in three of the approvals, while they have rejected most of the cases, by emphasising lack of 

scientific knowledge. Hence, the Norwegian decisions and the EU decisions have responded 

quite differently to uncertainty and ignorance. 

The burden of proof applied is similar in terms that the notifiers have to provide tests 

or studies of certain harmful effects. The authorities have then decided whether these studies 
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are sufficient. In all of the notifications, the notifier has concluded that the tests have not 

identified any harmful effects. The EU authorities have defined these tests to be sufficient, 

while the Norwegian authorities have only found the studies to be sufficient in three of the 

approvals. 

The combination of no real benefit to society, lack of scientific knowledge, and 

involved risks explains the Norwegian rejections, while the main explanation for the EU 

approvals is that they saw no reason to believe that there would be any adverse effects on 

health and the environment. In the EU, several value issues are decided on by experts, while 

the Norwegian decision-making procedure has, to a greater extent, treated decisions on the 

release of GMOs as a value issue. The problem is not that value judgments may differ. What 

is problematic is when procedures are such that value judgments are treated as technical 

issues and conducted by experts. 

 

Paper 4: Governing uncertain and unknown effects of genetically modified crops  

This paper analyses the capabilities of three different governance regimes for adequately 

handling of uncertain and unknown effects of GM crops. Adequate handling requires the 

development of sound procedures for identification of uncertainty and ignorance (U&I), 

reduction of U&I (if possible), decisions on how to treat irreducible U&I and monitoring of 

unexpected effects. The nature of U&I implies, however, that these procedures will be highly 

incomplete. It is impossible to develop ex ante instructions that specify in advance adequate 

responses to new information/knowledge, how U&I should be identified and reduced, how to 

make sound decisions in the case of irreducible U&I, and how monitoring should be 

conducted. Asset specificity, i.e. that each GM crop is unique with respect to potential 

environmental effects, implies that it would be impossible to develop regulations that are 

adjusted to each GM crop variety. We further find ourselves in a situation of asymmetric 

information between the producers and the regulator, because the producers are better 

informed about the GM crop that they have developed than the regulator. 

Faced with incomplete procedures and therefore situations where contingent events 

and countermove strategies are rich beyond description, governance mechanisms that 

facilitate cooperative adaptation and communicative rationality are needed. Cooperative 

adaptation refers to a capacity and predisposition toward responding to disturbances in a 

coordinated and compliant way (Williamson, 1999) while communicative rationality implies 

communication with the intention of reaching agreement exclusively via the force of better 
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arguments (Habermas, 1984). The communications should be free from manipulation and 

coercion and the participants should act on “higher” motives than their own interests.  

Williamson (1999) emphasises that the efficient governance response to the need for 

cooperative adaptation is to provide contractual safeguards. If unmet needs for added 

coordination persist, the solution is to internalise the hazard through unified 

ownership/vertical integration. Transferred to our study, the important question becomes 

which of the following governance regimes (GR) is the best response to the need for 

cooperative adaptation and communicative rationality:  

1. GM crops are produced by private firms and these firms are made liable for harm. A 

monitoring regulation is established that requires monitoring by the firm (GR1a) or 

monitoring by a public regulatory body (GR1b). 

2. GM crops are produced by private firms and the government decides whether the crop 

should be marketed. An assessment and monitoring regulation is established that 

requires assessment and monitoring by the firm (GR2a) or assessment and monitoring 

by a public regulatory body (GR2b). 

3. GM crops are produced by public research organisations and the government decides 

whether the crop should be marketed. An assessment and monitoring regulation is 

established that requires assessment and monitoring by the public research 

organisation (GR3a) or assessment and monitoring by a public regulatory body 

(GR3b). 

The effect of bringing the civil society into the decision-making process is also 

analysed. According to our analyses, it is likely that GR3b will handle U&I most adequately, 

followed by GR3a or GR2b; next are GR2a or GR1b, and finally GR1a. Firms are responsible 

to private interests only, whereas public research organisations have a duty to the state and the 

general public. Public research organisations therefore have fewer conflicts of interest with 

the regulatory body and the government than private firms and will be stronger in cooperative 

adaptation than private firms. The importance of academic norms in public research 

organisations versus the importance of commercial norms in firms also implies that public 

research organisations will be stronger in communicative rationality than private firms. 

Difficulties in proving harm and identifying the responsible firm will make liability regimes 

weak in cooperative adaptation and communicative rationality. Assessment and monitoring of 

U&I by a public regulatory body and marketing decision making by the government will 

reduce possibilities for lack of cooperative adaptation and provide stronger possibilities for 

communicative rationality compared with assessment, marketing decision making and 
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monitoring by firms or public research organisations. These conclusions do, however, depend 

on how far the blurring of society’s stable categorisations has gone and whether the 

government favours adequate handling of U&I of GM-crops. Reversing the 

commercialisation of public research and including civil society in the public decision-making 

process are important to ensure that GR3 actually will facilitate adequate handling of U&I.  

Lessons learned from the thesis and their policy implications 

From this thesis we have learned that institutions are important for the perspectives that are 

held on GMOs, the GMOs that are developed and the GMOs that are marketed. More 

specifically we have learned that:  

� Scientists hold opposing perspectives on the reasonability of releasing GMOs into the 

environment and these perspectives depend on disciplinary background, place of 

employment (university or private company) and funding (public or private).  

� Whether the R&D of GMOs is conducted within companies, cooperatives or public 

research organisations influence the type of crops and traits that are developed and 

therefore the effects on society and ecosystems that potentially could follow from the 

use of GMOs. 

� Different judgments made in the formulation of regulatory documents and the 

implementation of these documents regarding response to uncertainty and ignorance, 

burden of proof, and which effects should be prevented and encouraged are crucial for 

the final decisions on whether or not to approve GMOs for commercialisation. These 

judgments are often treated as technical issues and conducted by experts. 

� The involvement of public research organisations in the R&D of GMOs and public 

regulatory bodies and the civil society in the assessment and monitoring of GMOs 

increases the likelihood for adequate handling of uncertain and unknown effects of 

GMOs compared to a situation where these tasks are conducted by private companies.  

 

The policy implications from these results will of course depend on which political goals that 

are emphasised. Consideration of the environment and food security might justify institutional 

reforms concerning how we decide which GMOs that possibly should be released into the 

environment and how we organise the R&D of GMOs.  

The empirical results of this thesis show that it is important to involve scientists from 

several disciplines in public marketing decisions on new technologies and that information 

about the contextual background of the scientists is relevant in these decisions. It is further 
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important to be aware that deciding which GMOs should possibly be released is neither self-

evident nor only a factual matter. This is partly due to the uncertainties involved. It is 

important to ensure that value issues are not treated as technical issues and decided on by 

experts. From other studies (e.g. Gaskell et al., 2006, GM PDSB, 2003, Marris et al., 2002) it 

follows that if public concerns should be taken into account, it is important that the 

assessment not merely concerns health and environmental effects. There are strong arguments 

for replacing the current practise where those that apply for marketing approval of GMOs also 

produce the risk assessment prior to marketing and the post marketing monitoring with a 

procedure that makes public regulatory bodies responsible for prior to marketing assessment 

and post marketing monitoring. Involving participants from the civil society in the decision-

making process are important to ensure that shared/public interests and values are articulated, 

fostered and served. 

From the perspective and results of this thesis, it becomes important to turn the 

commercialisation of GMO research to secure scientific advices and development of products 

that are independent from the priorities of the industry and to a greater extent could serve 

public needs. The realisation of GMOs with net positive effects on the environment and food 

security might require increased public R&D since these issues represent, in general, benefits 

and costs external to the private sector. Public R&D will be needed to ensure that GMOs can 

benefit sustainable small-farm agriculture in developing countries (Serageldin, 1999) and 

public R&D are likely to imply more adequate handling of possible uncertain and unknown 

effects. It is further important to increase the amount of public biosafety research. Politicians 

should, however, be aware that not all uncertainties can be resolved with more research.  

The fact that organisms by their very nature are non-excludable does also favour 

increased public R&D of GMOs. Legal excludability (e.g. through intellectual property rights 

or contract growing) makes R&D and cultivation of crops more bureaucratic and extensive 

use of intellectual property rights may contribute to a more concentrated industry structure 

(UNCTAD, 2006). Biological excludability is not in itself advantageous for crop production 

and might imply certain negative effects on the environment and food security. It would have 

been better for the society if crop developers could use their creativity on other issues than 

making crops excludable. 

Finally, it is important to be aware that public research is not a sufficient condition for 

avoiding harm and generating positive effects on the environment and food security. 

Upstream public engagement, more interdisciplinary research, less competitive pressure and 

less market oriented research are important to increase the social value of public R&D.  
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ABSTRACT

In this paper we analyse scientists  ̓perspectives on the release of genetically 
modified (GM) crops into the environment, and the relationship between their 
perspectives and the context that they work within, e.g. their place of employ-
ment (university or industry), funding of their research (public or industry) 
and their disciplinary background (ecology, molecular biology or conventional 
plant breeding). We employed Q-methodology to examine these issues. Two 
distinct factors were identified by interviewing 62 scientists. These two fac-
tors included 92 per cent of the sample. Scientists in factor 1 had a moderately 
negative attitude to GM crops and emphasised the uncertainty and ignorance 
involved, while scientists in factor 2 had a positive attitude to GM crops and 
emphasised that GM crops are useful and do not represent any unique risks 
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compared to conventional crops. Funding had a significant effect on the per-
spective held by the scientists in this study. No ecologists were associated with 
factor 2, while all the scientists employed in the GM-industry were associated 
with this factor. The strong effects of training and funding might justify certain 
institutional changes concerning how we organise science and how we make 
public decisions when new technologies are to be evaluated. Policy makers 
should encourage more interdisciplinary training and research and they should 
make sure that representatives of different disciplines are involved in public 
decisions on new technologies.

KEYWORDS 

GM crops, ignorance, science, context, values

INTRODUCTION

Scientists play an important role in the introduction of new technologies. They 
are often the ones that develop these technologies and the ones that are called 
as experts to evaluate the safety of new technologies. The public is, on the other 
hand, often portrayed as ignorant and irrational concerning their ability to evalu-
ate new technologies (Cook et al. 2004; Slovic 2001; Wynne 2001). This central 
position of scientists in the introduction of new technologies makes it important 
to pay attention to their perspectives on new technologies and contextual factors 
that may relate to these perspectives. This paper examines scientists  ̓perspec-
tives on a particular technology – genetically modified (GM) crops – and the 
relationship between their perspective and the context in which the scientists 
are trained and work. 

GM crops are plants whose genetic material has been altered by the direct 
introduction of DNA in order to confer particular characteristics on the plant. 
More than 99 per cent of the GM crops grown are varieties of maize, soybean, 
cotton and oil seed rape and more than 99 per cent of these GM varieties have 
been engineered to be herbicide tolerant and/or insect resistant (James 2004). 

The introduction of GM crops into agriculture has been subject to consider-
able debate. Concerns have been raised about the potential irreversible impacts 
of releasing genetically modified organisms (GMOs) into the natural environ-
ment (Wolfenbager and Phifer 2000), while others emphasise their potential 
benefits in increasing agricultural output and enhancing certain aspects of food 
quality, as well as potential environmental benefits such as reduced pesticide 
and herbicide use (Conner et al. 2003; James 2002; McGloughlin 1999). Sig-
nificant participants in this debate have been scientists, industry representatives, 
environmental organisations and consumer organisations. The general public 
has also participated. 
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A growing number of studies shed light on the publicʼs perspectives on GM 
crops (see for example Bredahl 1999; Gaskell et al. 2000; Grove-White 2001; 
Marris et al. 2001). Perspectives among scientists are much less studied (Meyer 
and Sandøe 2001). However, it seems as if scientists hold opposing viewpoints 
on the deliberate release of GM crops. Busch et al. (2004) emphasise that the 
GM crop issue is characterised by low consensus with respect to the parameters 
of the scientific issues and the analytical methods to be applied. This paper fo-
cuses on how scientists evaluate the reasonability of releasing GM crops into the 
environment and how this evaluation is related to their contextual background. 
We are particularly interested in: 

1.  What are the perspectives scientists hold on the release of GM crops into 
the environment?

2.  What characterises scientists with the same perspectives on the release of 
GM crops into the environment? 

We have employed Q-methodology and logistic regression to examine these 
two questions. Sixty-two Scandinavian scientists from different disciplines 
(molecular biology and related fields,1 ecology and conventional plant breed-
ing) were interviewed. These disciplines were chosen because they represent 
perceived expert knowledge concerning the biological impacts of releasing GM 
crops. The scientists were employed in the university and the industry sector. 
The scientists working in universities included scientists with purely public 
funding and scientists with some industry funding.

The paper is organised as follows. We start with two sections where we first 
identify four dimensions that might be important for scientists when they evalu-
ate the reasonableness of releasing GM crops. Next we analyse how scientists  ̓
responses to these dimensions might relate to their contextual background. 
These two issues are then analysed empirically in the next sections. First we 
identify different perspectives on the release of GM crops among the scientists 
in our study by Q-methodology. Next we examine the relationship between the 
contextual background – like discipline and funding – of the scientists and the 
perspective they hold on the release of GM crops. The two final sections sum-
marise the findings and discuss the general lessons of these findings. 

IMPORTANT DIMENSIONS FOR SCIENTISTS  ̓EVALUATION OF THE 
RELEASE OF GM CROPS

Following the debate about GM crops among scientists it seems that there might 
be four important dimensions for scientists  ̓evaluation: ʻthe consequences of 
releasing GM cropsʼ, ʻour ability to predict the consequencesʼ, ʻwhether GM 
crops are fundamentally different from conventional cropsʼ, as well as ̒ the moral 
status of natureʼ. Diverging responses to these dimensions both in terms of how 
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they are factually evaluated, but also the importance given to them might partly 
explain why scientists disagree on the reasonableness of releasing GM crops. 

Scientists  ̓evaluation of the release of GM crops into the environment might 
depend on their beliefs about the consequences of releasing GM crops and their 
evaluation of these consequences.2 This involves both factual beliefs about nature 
and society (what will happen) and value commitments (how consequences are 
evaluated). Divergence on both of these issues is especially evident concerning 
the environmental effects of the deliberate release of GM crops as well as their 
role in decreasing poverty and hunger in developing countries (Pretty 2002).

Scientists  ̓ responses to the second dimension, ʻour ability to predict the 
consequences  ̓ of releasing GM crops, might also influence their evaluation 
of the deliberate release of GM crops. The concepts risk, uncertainty and 
ignorance represent different degrees of predictability. Risk implies known 
outcomes with known probabilities, while uncertainty means known outcomes 
but unknown probabilities (Knight 1921). A situation where even the outcomes 
are unknown is defined as ignorance (Shackle 1955). Ignorance arises from 
many sources, including ʻincomplete knowledge, contradictory information, 
conceptual imprecision, divergent frames of reference and the intrinsic com-
plexity or indeterminacy of many natural and social processes  ̓(Stirling 1998: 
103). The scientists  ̓evaluation of the reasonability of releasing GM crops into 
the environment is likely to be influenced by whether s/he believes that we are 
faced with risk, uncertainty or ignorance. If uncertainty and ignorance are rec-
ognised, an important issue is also whether the scientists argue that we should 
take precautionary measures or not. 

A further central issue, if uncertainty and ignorance are recognised, is whether 
they are assumed to be reducible i.e. if they can be reduced by more scientific 
knowledge (Faber et al. 1996; Wynne 1992). Uncertainty can be perceived to 
be irreducible due to measurement problems (Spash 2002) and ignorance can 
be irreducible due to the incompleteness of scientific methods and complexity 
or indeterminacy in social-ecological processes. An example of a response to 
assumed reducible ignorance is to emphasise that we have no previous experi-
ence on how to predict the impact of GMOs on ecosystems, and so need to 
accumulate a large and reassuring body of data (Tait and Levidow 1992). An 
example of a response to assumed irreducible ignorance is to emphasise that the 
complexity of an ecosystem implies that we never will be able to predict all the 
effects of releasing GM crops and therefore will need to remain precautionary 
for the foreseeable future (Tait and Levidow 1992). 

Scientists  ̓evaluation of the release of GM crops might also depend on the 
third dimension ʻwhether GM crops are fundamentally different from conven-
tional cropsʼ. It has been claimed both that biotechnology offers better control 
and predictability over nature and that it offers less control and predictability 
over nature than conventional plant breeding (Krimsky and Wrubel 1996). The 
central issue is whether the application of gene technology means that there is a 
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greater chance for surprising adverse effects of GM crops than of conventionally 
bred crops (National Research Council 2000). 

Beliefs about ̒ the moral status of nature  ̓are likely to influence the evaluation 
of the release of GM crops since this influences the view on how we can and 
should interact with nature (Bruce 2003; Carr and Levidow 1997; Nielsen 1997; 
Regal 1994; Sjöberg 2002; Wagner et al. 2002). One aspect is the differences 
in perspective that stem from whether the scientist holds an anthropocentric or 
ecocentric worldview. Given an ecocentric approach, the heart of the debate 
might be to what extent genetic engineering is perceived to violate the integrity 
of plants and nature. From an anthropocentric point of view the centre of the 
discussion might be whether GM crops are seen to benefit mankind or not.

There is a strong relationship between the four dimensions. One example 
is that assumptions about the predictability of releasing GM crops might influ-
ence how scientists evaluate possible consequences. Another example is that 
views on the moral status of nature might influence whether ʻnatural  ̓methods 
or more human-created methods are perceived as most risky (Bruce and Eldrige 
2000). A third example is that views on whether GM crops are fundamentally 
different from conventional crops depend on the moral status of nature as well 
as assumptions on our ability to predict nature. 

CONTEXTUAL INFLUENCE ON SCIENTISTS  ̓PERSPECTIVES ON GM 
CROPS 

Scientists observe and understand the external world via humanly constructed 
concepts. The locus of knowledge is the social group of scientists and not the 
individual scientist (Restivo 1995). Products of science are contextually specific 
constructions, which are influenced by the situational contingency and interest 
structure of the process by which they are generated (Knorr-Cetina 1981). We 
are interested in how the contextual factors disciplinary background, place of 
employment, research funding and type of research relate to scientists  ̓response 
to the three first dimensions in the previous section. Other contextual factors 
are likely to be more important for the response to ʻthe moral status of natureʼ, 
but these factors are not examined in this paper. 

The disciplines ecology, conventional plant breeding, molecular biology and 
related fields study different aspects of biological systems and they hold differ-
ent assumptions on our ability to predict nature. Ecology is a holistic discipline 
that studies large biological systems over long time spans by looking at organ-
isms and their interactions with each other and the environment (Sterelny and 
Griffiths 1999). These interactions are mainly studied in the environment where 
they occur and explanation and descriptions rather than prediction predominate 
(Krimsky 1991). An important focus is natureʼs complexity. There are differ-
ent ways to approach this complexity. Two main, opposing positions can be 
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identified within the discipline (Pickett et al. 1992; Worster 1990), though most 
ecologists place themselves somewhere between these two extreme positions. 
The first position views the ʻecosystem  ̓as a system directed toward achieving 
as large and diverse an organic structure as possible within its physical limits. 
The idea is that all natural systems move toward equilibrium by going through 
successional stages in a certain order. According to this position, any human 
interference will disturb natureʼs strategy of development. The second position 
gives more emphasis to disturbance, disharmony and chaos when studying ecol-
ogy. Change is without any determinable direction and goes on forever, without 
ever reaching a point of stability. There is no such thing as equilibrium within 
this position, which sees nature as fundamentally discontinuous, unpredictable 
and chaotic. Some ecologists might therefore emphasise that effects of releas-
ing GM crops are unpredictable, others will focus attention towards the fact 
that genetic engineering might be a costly interference with nature, possibly 
disturbing balanced ecosystems. 

Molecular biology and related fields such as molecular genetics and bio-
chemistry work at the subcellular level with organelles and molecules. The 
tools known as biotechnology and/or genetic engineering have emerged from 
these disciplines. The primary concern is the construction and improvement of 
the theoretical understanding of the molecular mechanisms involved, as well as 
of experimental and technological laboratory methods, products and practical 
solutions (Strand 2001). Confidence in human control over biological systems 
and our predictive capacities as well as reductionism and genetic determinism 
dominates (Busch et al. 1991; Krimsky 1991; Nielsen 2002; Strohman 1997; 
Verhoog 1993). The concern is not merely to understand nature, but to control it. 
The idea is that if we can understand and control the way genes work, we might 
increase our ability to control and understand nature. Scientists that belong to these 
disciplines might be expected to emphasise that the application of biotechnology 
in plant breeding is likely to increase control and predictability and therefore 
that the application of this technology can benefit mankind and nature.

Today conventional plant breeding is seen as the ̒ unfashionable older cousin  ̓
of genetic engineering (Knight 2003). In many ways this discipline has more 
in common with molecular biology and related fields than with ecology. The 
two fields share an emphasis on the control of nature and crop improvement 
for human needs (Busch et al. 1991). Still, conventional plant breeding differs 
considerably from molecular biology and related fields, both because conven-
tional plant breeders work largely with whole plants, either as individuals or as 
large but uniform populations (Krimsky 1982), and because they apply other 
techniques than genetic engineering. This last property of conventional plant 
breeding makes it especially interesting to study their perspective on GM crops. 
Conventional plant breeders may hold a different perspective from molecular 
biologists on whether GM crops are fundamentally different from conventional 
crops. 
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An interesting question is whether place of employment, i.e. whether the 
scientists are employed in the university or the industry sector, might be related 
to their perspective on GM crops. Scientists employed by industry have a duty 
to serve the interests of its shareholders (Stone 2002). Industry research is 
therefore directed by an obligation to make profit. This implies incentives for 
producing knowledge that can result in valuable products. Topics and issues that 
are external to the market place become less important under industry research. 
The incentives under public employment are less clear. The idealised account of 
public science is that it should be based on a dialectic approach between intel-
lectual inquiry and public need (Caldart 1983). However, this idealised account 
is found not to be an adequate description of science (Mulkay 1979). 

It is increasingly being argued that the research culture within universities 
has become more similar to that of industry and that this development has gone 
particularly far within areas such as plant biotechnology (Gibbons 1999). Univer-
sity research has become more market oriented, partly through increased industry 
funding (Newberg and Dunn 2002). Hence, it becomes useful to distinguish 
not only between scientists employed within industry and universities, but also 
between university scientists that have industry funding and those who do not. 
Industry funded scientists are likely to hold a perspective that serves the interests 
of the shareholders. This implies that they are likely to emphasise the positive 
aspects of GM crops to create a positive public opinion on GM crops, but at the 
same time they have to secure that no products that could harm the reputation of 
their company enter the market. Publicly funded scientists are unlikely to have 
any homogenous perspective on the deliberate release of GM crops.

Type of research in terms of whether the scientists undertake risk research, 
basic or product research might also relate to their perspective on GM crops. 
Scientists that undertake risk research are likely to pay attention to the risks, 
while scientists that are involved in product research are likely to pay more 
attention to the useful attributes of GM crops when they evaluate the reason-
ability of GM crops. 

METHODOLOGY

Perspectives on the deliberate release of GM crops among scientists were as-
sessed through Q methodology. Q methodology is a type of discourse analysis 
that enables the identification of common patterns of opinion held by a certain 
group of people (Addams and Proops 2000; Barry and Proops 1999; Brown 
1980). Respondents are asked to sort a given number of statements, in relation 
to each other, according to an evaluative profile ranging from agree to disagree. 
This data is then factor analysed to identify patterns of communality and diver-
gence in expressed viewpoints, i.e. typical discourses or perspectives among the 
respondents. The basic distinctiveness of Q methodology is that, unlike standard 
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survey analysis, it is interested in establishing patterns within and across indi-
viduals rather than patterns across individual traits, such as gender, age etc. 

Q-methodology includes the following stages: 1) Selection of statements 
which 2) participants are asked to rank. This set of ranked statements constitutes 
the ̒ Q sort  ̓for each participant. 3) From these Q sorts factor analysis allows the 
extraction of a few factors and 4) the generation of a single typical or ideal Q sorts 
for each factor. 5) A qualitative analysis is conducted of these ideal Q-sorts. 

In our study a series of 245 statements were obtained from interviews with 
scientists, and from reports, books, webpages and peer-reviewed articles. The 
goal was to achieve a rich diversity of statement types which existed in the 
scientific discourses on GM crops. A final number of 36 statements were cho-
sen based on the result of pilot-testing with scientists. The 36 statements are 
included in table 2.

The second step – the ranking of the 36 statements by each participant – was 
administered through personal interviews with 62 Scandinavian scientists. As 
a starting point a group of nearly 70 scientists was identified by contacting dif-
ferent universities, public research institutes and firms. Some of these scientists 
did not participate because they did not respond to e-mails or phone calls or 
because it was not practically feasible to interview them. Respondents were 
asked to rank the 36 statements in a forced normal distribution along the scale 
of strongly agree (5) to strongly disagree (-5) as shown in table 1.

TABLE 1. Distribution of 36 statements in a Q sort on a scale from strongly disagree 
(-5) to strongly agree (5)

Strongly 
disagree

-5 -4 -3 -2 -1 0 1 2 3 4 5 Strongly 
agree

-5 -4 -3 -2 -1 0 1 2 3 4 5

-4 -3 -2 -1 0 1 2 3 4

-3 -2 -1 0 1 2 3

-2 -1 0 1 2

-1 0 1

0

The third step – the factor analysis of the 62 individual rankings (Q sorts) – was 
undertaken by principal components factor analysis with varimax rotation. This 
procedure resulted in the extraction of a few factors. The number of factors ex-
tracted was based on three criteria: 1) the factor should have an eigenvalue greater 
than one, 2) the number of factors extracted should depend on the point where 
the eigenvalues begin to level off in a scree plot, which graphs the eigenvalue 
against the factor number, and 3) the factors should be theoretically important 
and reveal distinct and coherent views. Factor loadings (correlation coefficients) 
that indicate the degree to which each Q sort correlates with each extracted factor 
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were generated. A significant3 factor loading is one which is sufficiently high to 
assume that a relation exists between the respondent and the factor. 

The fourth step was to generate a single ʻideal  ̓Q sort and thereby also fac-
tor rankings4 for each factor by merging, according to a procedure of weighted 
averaging, the rankings of the scientists that loaded significantly on the respective 
factor (Brown 1980). More weight was given to the rankings of participants who 
had higher factor loadings, since they were more representative of the factor 
type. Hence, emergent ideal Q sorts do not represent the viewpoint of any given 
individual, but the shared patterns within the pooled data. The ʻideal  ̓Q sorts 
are termed ʻperspectives  ̓in this paper.

The final step was the process of factor interpretation by developing a 
plausible explanation of the factor rankings of each factor. The statement had 
to be interpreted in relation to the other statements since the Q-sorts represents 
relative ranking of statements. 

The personal interviews involved other elements than ranking the state-
ments. The participants were asked to explain the positioning of the three most 
agreed/disagreed statements and to comment on the selection of statements 
as well as how well their Q sorts expressed their perspective on the deliberate 
release of GM crops. Participants also completed a questionnaire about their 
age, gender, discipline, place of employment, external funding of their research, 
whether they were doing basic, applied or risk research, as well as their general 
attitude to GM crops.

SCIENTISTS  ̓PERSPECTIVES ON GM CROPS

This section presents the results from employing Q methodology to assess the 
perspectives held by scientists on GM crops. First we present the results of the 
factor analysis. Next we present the factor rankings of the extracted factors. 
Finally we interpret the factor rankings. 

Factor analysis

The factor analysis yielded 13 factors with eigenvalues greater than 1. However, 
only three factors were extracted as the use of a scree plot indicated a natural break 
in the sizes of eigenvalues when three factors were extracted. The three factors 
accounted for 55 percent of the variance of the rotated correlation matrix. 32 
participants loaded significantly on factor 1, 25 participants loaded significantly 
on factor 2 and one participant loaded significantly on factor 3. The last factor5 
was not accepted since there were less than two Q sorts loading significantly on 
it.6 Both remaining factors were theoretically important and revealed distinct 
and coherent views. We also ran two separate Q sort factor analyses to explore 
the diversity of viewpoints among the participants that loaded significantly 
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on each of the two factors. These two factor analyses did not add much new 
information to the information already gained from the first factor analysis and 
are therefore not included in this paper.

Factor rankings 

Table 2 presents the factor rankings of the 36 statements for factor 1 and 2. 

TABLE 2. Q-sort statements and their factor rankings 

Statement Factor rankings

     11 22

1. The use of GM-crops in agricultural production is unnecessary. 0 -4

2. Gene technology will contribute to the achievement of a sustainable 
agriculture.

-1 4

3. It is unethical to deny the exploration of gene technology since it may play 
an important role in future food security for the worldʼs population.

0 4

4. The ability to break species  ̓boundaries is a strongly negative feature of 
gene technology independent of whether GM-crops represent unique risks.

0 -5

5. Genetic modification is a natural process since horizontal gene flow be-
tween sexually incompatible species occurs regularly in nature.

-1 0

6. The environmental issues raised by growing currently available GM-crops 
do not differ qualitatively from conventional crops, therefore the character-
istics of each crop variety must be evaluated, not the specific plant breeding 
method used.

-1 5

7. Potential unanticipated effects from GM-crops might arise from the capa-
bility of transferring genes into very different genetic backgrounds.

2 0

8. Genetic engineering increases the degree of control and predictability 
regarding the traits expressed by the new variety compared to other methods 
applied in conventional plant breeding.

-2 3

9. An important uncertainty is how farmers apply the GM technology in the 
field.

1 0

10. I have little confidence in the gene technology research undertaken by 
industry since it is highly influenced by commercial interests.

3 -4

11. Scientific knowledge is not and never will be sufficient to predict future 
impacts of GM-crops.

1 -2

12. Our present scientific knowledge is not sufficient to evaluate the environ-
mental safety of GM- crops today.

4 -3

13. GM-crops are safe because no one has shown that significant environ-
mental damage has occurred following cultivation of GM-crops.

-4 -1

14. The lessons of history tell us that new technologies bring new unknowns 
and that we sometimes have rushed forward to exploit new technologies, 
only subsequently to discover the environmental costs. It is likely that this 
will happen with GM-crops, unless we take precautionary measures.

3 -1

15. Standardised quantitative methods need to be the primary basis for as-
sessing the environmental impacts of GM-crops.

1 3
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16. It is impossible to quantify the ecological impacts of growing GM-crops. 1 -1

17. It is important to take unforeseen consequences into consideration when 
evaluating the release of GM-crops into the environment.

4 2

18. The consequences of a GM-based agriculture have to be compared with 
the consequences of organic agriculture.

0 1

19. Lay people are sceptical to GM-crops because they lack knowledge about 
the technology.

0 1

20. We live in a risk-society and have to accept that technologies, like genetic 
engineering, with the risk of unlikely but very negative consequences are part 
of our life.

-2 0

21. Risk and uncertainty regarding ecological effects in natural habitats 
should not prevent the use of GM-crops in agriculture if these have docu-
mented positive effect on productivity and result in reduced use of pesticides.

-2 1

22. GM- traits that enhance resistance to certain herbicides benefit the envi-
ronment by decreasing the need for chemicals.

-1 2

23. The use of insect resistant GM-crops, such as the different Bt varieties, 
will enhance the development of resistance among target pest species.

2 1

24. The instability of the transferred gene is of key concern. 2 -3

25. We cannot take into consideration the theoretically possible, but ex-
tremely unlikely event of severe reduction in the population of pollinators 
into consideration when considering the release of a GM-crop.

-2 -2

26. The unintended spread of herbicide resistance from genetically modified 
crops to weeds and other plant life is likely to raise concerns for the structure 
and function of ecosystems.

2 -3

27. The potential effects of Bt-crops on non-target organisms are expected 
to be less severe than the potential effects of broad-spectrum insecticides on 
non-target organisms.

-1 3

28. We have the same ability to predict ecological changes from both GM-
crops and conventional crops.

-3 2

29. Any negative environmental consequences that may arise from growing 
GM-crops will be adequately addressed by future developments in genetic 
engineering or other technologies.

-3 0

30. The possible negative impacts of GM-crops on biodiversity are likely to 
be reversible.

-3 0

31. The really serious problems with GM-crops may arise only slowly, subtly 
and through long chains of events.

3 -1

32. I see no danger whatsoever of releasing GM-crops into the environment, 
because of the stability and resilience of ecosystems.

-5 -2

33. Many ecosystem interactions are so complex that the risk of modern 
biotechnology is unpredictable.

5 -1

34. Results from laboratory experiments on GM-crops can be, in most cases, 
directly transferred to natural conditions.

-4 -2

35. Man has an obligation to use the possibilities embedded in nature for the 
betterment of mankind.

0 2

36. Nature possesses an intrinsic value that is independent of human needs. 1 1

1Factor 1, 2 Factor 2
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Factor interpretation

Perspective 1: ʻThe environmental effects are unpredictableʼ
Factor 1 exemplars7 strongly emphasise the unpredictability of the environmen-
tal effects from GM crops. Ecosystems are complex (33:5)8 and our present 
scientific knowledge is insufficient (12:4). Major long-term unanticipated 
impacts might arise (14:3; 31:3). However, factor 1 exemplars have no strong 
opinion on whether we are faced with irreducible ignorance (16:1; 11:1). They 
emphasise that results from laboratory experiments on GM crops can not be 
directly transferred to natural conditions (34:-4) and they have little confidence 
in research undertaken by industry (10:3).

Factor 1 exemplars have no strong opinion on the claimed beneficial effects 
of GM crops (3:0; 2:-1; 27:-1; 22:-1), while they emphasise that the unintended 
spread of herbicide resistance from GM crops is likely to raise concern for 
ecosystems (26:2). The possible negative impacts are likely to be irreversible 
(29:-3; 30:-3). 

They appear neutral on whether the ability to break species  ̓boundaries is a 
negative feature of gene technology (4:0) or whether the environmental issues 
raised by growing GM crops differ from conventional crops (6:-1). However, 
they emphasise that potential unanticipated effects might arise from the capabil-
ity of transferring genes into very different backgrounds (7:2) and that effects 
from GM crops are more unpredictable than effects from conventional crops 
(28:-3; 8:-2).

Box 1: Characteristics of perspective 1 

Factor 1 exemplars strongly emphasise the unpredictability of the environmental effects 
from GM crops, while they have no strong opinion on claimed positive consequences 
of GM crops and whether GM crops are fundamentally different from conventional 
crops. The presence of negative consequences of growing GM crops is moderately 
emphasised. This means that less emphasis is put on known possible harmful effects 
than on unpredictability. They have little confidence in gene technology research 
undertaken by industry.

Perspective 2: ʻGM crops present no unique risks and are usefulʼ
Factor 2 exemplars strongly emphasise that the ability to break species  ̓boundaries 
is not a negative feature of gene technology (4:-5)9 and that the environmental 
issues raised by growing GM crops do not differ from conventional crops (6:
5). We have the same ability to predict ecological changes from GM crops and 
conventional corps (28:2) and genetic engineering increases the control and 
predictability of the expressed traits compared to conventional plant breeding 
(8:3). 

The use of GM crops in agriculture is considered necessary (1:-4). This is 
partly explained by the role that GM crops might play for increased food secu-
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rity (3:4), sustainable agriculture (2:4), and reduced pesticide use (27:3; 22:2). 
The unintended spread of herbicide resistance from GM crops is not likely to 
raise concern for the structure and function of ecosystems (26;-3). Scientists in 
factor 2 appear neutral on whether the use of Bt-crops will enhance resistance 
among target species (23:1) and whether the negative impacts of GM crops will 
be reversible (30:0; 29:0). 

In general, scientists in factor 2 appear neutral on aspects regarding the pre-
dictability of GM crops (33:-1; 7:0; 31:-1; 14:-1; 16:-1; 13:-1) However, they 
emphasise that it is important to take unforeseen consequences into consideration 
when evaluating the release of GM crops (17:2). They disagree that scientific 
knowledge is not (12:-3), and never will be, sufficient to predict impacts of GM 
crops (11:-2). Further aspects of factor 2 exemplars are their confidence in gene 
technology research undertaken by industry (10:-4) and that they emphasise 
that man has an obligation to use the possibilities embedded in nature for the 
betterment of mankind (35:2).

Box 2: Characteristics of perspective 2

Factor 2 exemplars strongly emphasise that GM crops are not fundamentally different 
from conventional crops and that these crops are likely to have major positive conse-
quences. They have no strong opinion on the predictability of the environmental effects 
from GM crops or on potential negative impacts from growing GM crops. They have 
confidence in gene technology research undertaken by industry.

Areas of agreement and disagreement among perspective 1 and 2
One of the main tendencies in our findings is that factor 1 and 2 exemplars rarely 
have opposing views on the same issues; rather, they feel strongly about differ-
ent issues.10 Examples are positive consequences of GM crops (3:0,4; 2:-1,4; 
27:-1,3; 1:0,-4),11 whether potential negative impacts are likely to be reversible 
(29:-3,0; 30-3,0), whether ecosystem interactions are so complex that the risk 
of modern biotechnology is unpredictable (33:5,-1), the possibility for major 
long-term unanticipated impacts (14:3,-1; 31:3,-1), whether the ability to break 
species  ̓boundaries is a negative feature of gene technology (4:0,-5), whether 
the environmental issues raised by growing GM crops differs from conventional 
crops (6:-1,5), and whether GM crops are safe because no one has shown any 
significant environmental damages (13:-4,-1).

The major areas of disagreement among the two factor groups are whether 
present scientific knowledge is insufficient to assess the environmental safety of 
GM crops (12:4,-3), whether the spread of herbicide resistance from GM crops 
is likely to raise concern for ecosystems (26:2,-3), whether genetic engineering 
increases control and predictability (8:-2,3; 28:-3,2), and whether industry funded 
gene technology research is influenced by commercial interests (10: 3,-4).



V. KVAKKESTAD, F. GILLUND, K.A. KJØLBERG AND A. VATN
92

Environmental Values 16.1

The scientists have no strong opinion on most of the issues that they agree 
on. Neither of the groups have strong opinions on whether nature possesses an 
intrinsic value (36:1,1), whether lay people are sceptical to GM crops because 
they lack knowledge about the technology (19:0,1), whether how farmers apply 
the GM-technology is an important uncertainty (9:1,0), and whether it is impos-
sible to quantify the ecological impacts of growing GM crops (16:1,-1). They 
also agree that the use of Bt-crops will enhance the development of resistance 
among target species (23:2,1).

CHARACTERISTICS OF SCIENTISTS WITH THE SAME PERSPECTIVE 
ON GM CROPS 

Having identified different perspectives on GM crops, an important question is 
what characterises scientists that hold the same perspective. We have addressed 
this issue by analysing whether the scientists  ̓general attitude to GM crops and 
their contextual background (discipline, funding, type of research, place of 
employment) is linked to significant loading on factor 1 and 2, i.e. whether they 
hold perspective 1 or 2. These two perspectives cannot be considered to be the 
only two ways scientists think about GM crops. However, the two perspectives 
point out basic differences among the participating scientists  ̓perspectives on 
GM crops. Examining the characteristics of the scientists in each factor group 
can suggest reasons why they hold different perspectives on GM crops.

The scientists were asked to indicate their general attitude to GM crops on 
a scale ranging from 1 to 5, where 1 is negative and 5 is positive. A logistic 
regression model was then developed to analyse the relationship between the 
scientists  ̓general attitude to GM crops and the perspective they hold. Table 3 
presents the attitudes of the scientists that loaded significantly on the two factors 
and the results from the logistic regression model.

TABLE 3. Descriptive statistics for attitude1 to GM crops, and parameter estimates 
and Wald statistics of a logistic regression model predicting perspective on GM crops 

by attitude to GM crops (n=562)

Factor  Logistic regression model3 

   1    2 β Z2

Mean attitude 2,7 4,7 -2,8 15,7*

Std 1,0 0,5

1Measured on a five point Lickert scale (1:negative, 5: positive)
2One of the respondents that loaded significantly on factor 1 is excluded from the sample because 
of negative correlation coefficient.
3y=1 if perspective 1, and 0 if perspective 2

*p<0,0001
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All of the factor 2 exemplars are very positive to GM crops, while factor 1 
exemplars are moderately negative. There is a substantial variation in attitude 
among the factor 1 exemplars, while this is not the case for factor 2 exemplars. 
Logistic regression predicting significant loading on factor 1 by attitude to GM 
crops indicates that general attitude to GM crops has a significant effect on the 
perspective they hold on GM crops. The more negative the scientists are, the 
more likely is it that they hold perspective 1.

To analyse whether the scientists  ̓contextual background is related to sig-
nificant loading on factor 1 and 2, we wanted to develop a logistic regression 
model that included the explanatory dummy variables funding, discipline, type 
of research and place of employment, as well as interaction effects between 
these variables to predict perspectives on GM crops. However, for several of 
the intended explanatory variables some categories were missing. Ecologists 
and industry-employed scientists were for example only present in one of the 
perspectives. It is not possible to include explanatory dummy variables in a 
logistic regression model if some categories are missing and it was therefore 
not possible to develop one logistic regression model with all the intended 
variables. We have therefore analysed the relationship between the contextual 
background of the scientists and significant loading on factor 1 and 2 by three 
steps. First we present the background characteristics of the scientists in each 
of the two perspectives and analyse the association between these background 
characteristics and perspective on GM crops by chi-square tests (see table 4). 
Then we present the results from three different logistic regression models that 
include different explanatory variables and different groups of the scientists 
(see table 5). Finally we present the interaction effects (see table 6). The control 
variables age and gender had no significant effect and are therefore not included 
in the analysis.

Table 4 shows a very clear pattern; no ecologists, and no scientists employed 
in the foundation (a non-commercial foundation that is located in a research 
environment) or the conventional plant breeding company are associated with 
perspective 2, while all the scientists employed in the GM-industry are associ-
ated with perspective 2. Most of the scientists that belong to other disciplines 
(agrobiology, plant physiology, evolutionary genetics and bio-ethics) hold per-
spective 1. Chi-square tests suggest that perspective on GM crops depends on 
discipline, place of employment, funding and type of research. 

Table 5 presents the parameter estimates and their Wald statistics for three 
logistic regression models that include different explanatory variables and dif-
ferent groups of the scientists that loaded significantly on factor 1 or 2. The three 
models were developed since these were the models that satisfied the require-
ment that no categories in an explanatory dummy variable should be missing, 
i.e. funding was included since industry funded scientists and publicly funded 
scientists hold both perspectives, while place of employment was not included 
as no industry employed scientists hold perspective 1.
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TABLE 4. Characteristics of scientists that hold the same perspectives on GM crops, 
and chi-square tests for independence between perspective on GM crops and disci-

pline, place of employment, funding and type of research

No. of factor 
1 exemplars

No. of factor 
2 exemplars

χ2

Number of scientists 31 25 

Discipline 19,5***1

  Conventional plant breeding 4  2 

  Molecular biology & related fields2 8  22 

  Ecology 13 0  

  Other3 6 1  

Place of employment 12,1**4

  Foundation5 6 0

  University 21 14  

  Conventional plant breeding company6 4 0

  GM-Industry 0 11 

Funding 24,2***

  Public7 30 9 

  Some/all from GM-industry 1  16 

Type of research 10,8*

  Risk research 7 1 

  Basic research 18 9 

  Product research 6 15 

1ʼotherʻ and ̒ conventional plant breeding  ̓are excluded from the tests to ensure expected cell count 
greater or equal to 5.
2 Related fields are molecular genetics and biochemistry
3ʻOther  ̓ refers to three agrobiologists (one of them loaded significantly on factor 2), two plant 
physiologists, one evolutionary geneticist, and one scientists who had a background in molecular 
biology, but is currently working within the field of bio-ethics.
4ʻfoundationʼ, and ʻconventional plant breeding company  ̓are excluded from the tests to ensure 
expected cell count greater or equal to 5.
5ʻFoundation  ̓refers to a non-commercial foundation that is located in a research environment. 
6The conventional plant breeding company is owned by the state, agricultural cooperatives and 
private companies.
7 The scientists that work in the conventional plant breeding company are classified as receiving 
public funding since the majority of their funding is public and since their private funding comes 
from other sources than the GM-industry. These private funding sources are not likely to relate 
to their perspective on GM crops in any particular direction since they are not involved in gene 
technology. 

*p<0,005, **p<0,001, ***p<0,0001
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Model 1 in table 5 includes all the 56 factor 1 and factor 2 scientists and 
examines the relationship between perspective on GM crops, funding and type 
of research. The model predicts that scientists who are publicly funded are more 
likely to hold perspective 1 than scientists that are partly or purely industry 
funded. Type of research has no significant effect. 

Discipline could not be included in model 1 as no ecologists hold perspec-
tive 2. However, by excluding the ecologists from the model, we could include 
discipline as an explanatory variable as the other disciplinary categories are 
present in both perspectives. This is what we have done in model 2. The results 
are similar to those in model 1 in terms that funding has significant effect, while 
type of research has no significant effect. Whether the discipline is conventional 
plant breeding or otherwise has no significant effect, while whether the discipline 
is ̒ other  ̓(agrobiology, plant physiology, evolutionary geneticist and bio-ethics) 
or otherwise (molecular biology and conventional plant breeding) has significant 
effect. Scientists from the disciplinary category ʻother  ̓are more likely to hold 
perspective 1 than conventional plant breeders and molecular biologists.

Model 3 in table 5 only includes the molecular biologists. Funding has 
significant effect on the perspectives molecular biologists hold on GM crops. 
Molecular biologists who are partly or purely industry funded are very likely 
to hold perspective 2, while publicly funded molecular biologists are as likely 
to hold perspective 1 as perspective 2.

TABLE 5. Parameter estimates and Wald statistics of logistic regression models pre-
dicting perspective on GM crops (y=1 if perspective 1, and 0 if perspective 2)

Explanatory variables Model 1. n=56 Model 2. n=43 (no 
ecologists)

Model 3. n=30 (only 
mol. biologists)

β  Z2 β  Z2 β  Z2

Discipline1: Ot − − 2,9  4,3* − −

Discipline1: Co − − 0,7 0,4 − −

Funding2 3,9  10,2** 4,1   7,0** 2,7 5,4*

Type of research: Ri3 2,3   2,2 1,2 0,6 − −

Type of research: Ba3 0,3   0,1 -1,5  1,8 − −

1 Measured as two dummy variables ̒ Ot  ̓and ̒ Co  ̓where in the case of Ot 1 denotes other (agrobiol-
ogy, plant physiology, evolutionary geneticist, and bio-ethics) and 0 denotes otherwise, and where 
in the case of Co 1 denotes conventional plant breeding and 0 denotes otherwise.  
2 Measured as a dummy variable where 1 denotes purely publicly funded and 0 denotes otherwise 
(some/purely industry funded).
3 Measured as two dummy variables ̒ Ri  ̓and ̒ Ba  ̓where in the case of Ri 1 denotes risk research and 0 
denotes otherwise, and where in the case of Ba 1 denotes basic research and 0 denotes otherwise.

*p<0,05, **p<0,01
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It was not possible to include interaction variables in any of the three models 
because some of the categories were present in only one of the perspectives. 
We have therefore presented interaction effects from discipline, funding, place 
of employment and type of research in table 6. 

We see from table 6 that the only category of molecular biologists where 
the majority hold perspective 1 is molecular biologists that at the same time are 
employed in the foundation, are doing risk research and are publicly funded. In 
fact, all the publicly funded scientists that are doing risk research are associated 
with perspective 1, while the only industry-funded scientist that is doing risk 
research is associated with perspective 2. Half of the publicly funded molecu-
lar biologists are associated with perspective 2, while more than 90 per cent 

TABLE 6. Interaction effect from discipline, funding and type of research on perspec-
tive on GM crops

Discipline Funding Research Place of 
employment

No. of 
factor 1 
exemplars

No. of 
factor 2 
exemplars

Ecology Public Basic University 11 0

Ecology Public Risk University 1 0

Ecology Public Risk Foundation 1 0

Molecular biology & 
related fields

Public Basic University 2 4

Molecular biology & 
related fields

Public Risk Foundation 4 0

Molecular biology & 
related fields

Public Product University 1 3

Molecular biology & 
related fields

Some/all from 
GM-industry

Basic University 0 3

Molecular biology & 
related fields

Some/all from 
GM-industry

Product University 1 2

Molecular biology & 
related fields

Some/all from 
GM-industry

Product Industry 0 10

Conventional plant 
breeding

Public Basic University 0 2

Conventional plant 
breeding

Public Product Conv. plant 
breed. comp.

4 0

Other (bioethics)1 Public Risk Foundation 1 0

Other (plant physio-
logy, agrobiology, 
evolutionary gen-
etics)

Public Basic University 5 0

Other (agrobiology) Some/all from 
GM- industry

Risk Industry 0 1

Total no. of scientists 31 25

1 This scientist had a background in molecular biology
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of the partly/purely industry funded molecular biologists are associated with 
the same perspective. No conventional plant breeders that are employed in the 
conventional plant breeding company are associated with perspective 2, while 
no conventional plant breeders that are employed in universities are associated 
with perspective 1. 

DISCUSSION 

In our discussion of the findings, we will first look at the importance of the four 
dimensions ʻthe consequences of releasing GM cropsʼ, ʻour ability to predict 
the consequencesʼ, ʻwhether GM crops are fundamentally different from con-
ventional cropsʼ, and ʻthe moral status of nature  ̓for the two perspectives on 
GM crops identified in this study. Next we discuss the importance of discipline, 
funding, place of employment and type or research for scientists  ̓perspectives 
on GM crops. Finally, we situate the study in the broader context of debates 
about science, innovation and value and we examine the implications of this 
study for these debates. 

As emphasised above, factor 1 and factor 2 exemplars generally do not 
have opposing responses on the same dimensions. Rather they feel strongly 
about different aspects. The dimension ʻour ability to predict the consequences 
of releasing GM crops  ̓is the most important dimension for the scientists in 
factor 1 in the sense that they emphasise that consequences are unpredictable. 
Factor 2 exemplars, on the other hand, have no strong opinion on this issue. 
Neither factor 1 nor 2 exemplars have any strong opinion concerning whether 
we are faced with irreducible ignorance or not. The dimensions that concern 
consequences of releasing GM crops and whether GM crops are fundamentally 
different from conventional crops are the most important dimensions for scien-
tists in factor 2, while these two dimensions are not so important for scientists 
in factor 1. Factor 2 exemplars strongly emphasise that GM crops present no 
unique risks and that GM crops are useful, while they have no strong opinion on 
negative consequences. Factor 1 exemplars moderately emphasise the presence 
of negative consequences and have no strong opinion on positive consequences. 
The dimension ̒ moral status of nature  ̓is of little importance for both groups of 
scientists in terms that they have no strong opinion on whether we should hold 
an anthropocentric or ecocentric position. 

The contextual characteristics of the scientists revealed a very clear pattern 
concerning the perspective they hold on GM crops. All the scientists that were 
employed in the foundation and in the conventional plant breeding company 
hold perspective 1, while all the industry-employed scientists hold perspective 
2. This might indicate that perspective on GM crops is an important aspect 
in the recruitment process in these organisations, and/or that the socialisation 
that takes place in these organisations shapes the perspective on GM crops. 
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The foundation was created to secure an independent research milieu being 
independent both of the industry and university priorities. This might partly 
explain why scientists in this group are so homogenous in their perspective on 
GM crops. The conventional plant breeding company is recently privatised and 
the scientists emphasised that they perceived themselves as publicly employed 
scientists. University scientists are associated with both perspectives. This 
might indicate that being employed in universities has in itself little influence 
on scientists  ̓perspectives on GM crops.

Funding has a significant effect on the perspective the scientists hold. Sci-
entists that have some industry funding or are purely industry funded are very 
likely to be associated with perspective 2, while publicly funded scientists are 
somewhat more likely to hold perspective 1 than perspective 2. Scientists that 
are funded by the industry might feel an obligation to serve the interests of the 
shareholders, while publicly funded scientists possibly take a more autonomous 
role. Industry funding imposes a one-sided focus on the profits in the near future. 
Aspects of biological systems that are external to the market as well as long-
term effects become irrelevant for their research. It is interesting that industry 
funded scientists are likely to hold one particular perspective, and that this 
perspective emphasises that gene technology research undertaken by industry 
is not influenced by commercial interests. 

The fact that all the industry employed scientists hold perspectives 2 and that 
scientists that have some industry funding are very likely to hold perspective 2 
might justify the concerns that have been raised about the commercialisation of 
GM crop research from the 1980s (see for example Caldart 1983; Newberg and 
Dunn 2002; Pistorius and Wijk 1999; Stone 2002; Victor and Runge 2002). When 
formulating policies for GM crop research, the governmental authorities ought to 
consider that industry funding of GM crop research might influence the perspec-
tives scientists hold and/or that mainly scientists that hold certain perspectives 
are recruited to GM crops research that are industry funded. Governments should 
consider reversing the industrial dominance in GM crop research by changing 
policies for intellectual property rights and public research budgets.

None of the ecologists hold perspective 2, while about three-fourths of the 
molecular biologists hold perspective 2 and two-thirds of the conventional plant 
breeders hold perspective 1. It was expected that the ecologists could hold a 
perspective similar to perspective 1 and that most of the molecular biologists 
could hold a perspective similar to perspective 2. However, quite a few of the 
molecular biologists hold perspective 1. Half of the molecular biologists that 
hold perspective 1 are publicly funded, employed in the foundation and do risk 
research. These molecular biologists might hold a diverging perspective from 
most of the other molecular biologists because they work in a different context 
and/or because it is mainly molecular biologists that emphasise complexity and 
uncertainty that are recruited to this kind of research. All the conventional plant 
breeders that are employed in the conventional plant breeding company hold 
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perspective 1, while all the conventional plant breeders that work in universities 
hold perspective 2. One of many possible explanations might be that the university 
employed conventional plant breeders have much contact with molecular biolo-
gists, while this is not the case for those working in the company. A reasonable 
policy response to these results might be to encourage more interdisciplinary 
training and research. It is also crucial that the policy makers include several 
disciplines when they ask for scientific advice on policies for GM crops. 

The results from this study are of relevance for the wider debate about sci-
ence, innovation and value that is increasingly taking place in western countries. 
During the last decades, science has dominantly been valued for its importance 
for securing economic growth. Wilsdon et al. (2005) emphasise that instead 
the public value of science, i.e. the total benefits that flow from public science 
policy, should be the main measure for the value of science and technology. 
They suggest upstream public engagement as one way to enhance the public 
value of science. Stakeholders, scientists and the wider public should deliberate 
on the visions, ends and purposes of science and they should together influence 
the trajectories of scientific and technological developments. However, the idea 
about upstream public engagement in science has generated debate. It has been 
argued that science is not a democratic activity – the accuracy of scientific ̒ facts  ̓
cannot be decided by referenda – and that the public lack the technical insight 
necessary to contribute. 

The results from this study justify upstream public engagement as they il-
lustrate that both factual judgements as well as value judgements are important 
for scientists  ̓ perspectives on GM crops. The existence of uncertainty and 
ignorance as such implies that value judgments have to be made, as it is not 
given how one should respond to uncertainty and ignorance. Scientists are not 
more qualified for making value judgments than others and these judgments 
should therefore not be left for scientists alone. However, public engagement is 
not unproblematic. There are several related challenges, like representativeness 
and accountability, which one needs to be aware of. Decisions on what research 
might be most valuable will always be based partly on factual assumptions. At 
least, in some respect, scientists are likely to be more competent on making 
these assumptions than others.

Wilsdon et al. (2005) also argue that the structures that surround scientists 
to a greater extent should encourage scientists to be concerned about the public 
value of science. Our results show that industry funding might impose limits 
on scientists  ̓possibilities to reflect on the social dimension of their work or at 
least that the recruitment process is biased and thereby indirectly influences the 
reflection that will take place. 

Dialogue between different types of scientists is important to secure the 
public value of science, and should be promoted and rewarded according to 
Wilsdon et al. (2005). The differences in the perspectives held by the scientists 
in this study justify the fostering of dialogue between scientists. However, an 
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open-minded dialogue might be difficult to facilitate, as there seems to be a lack 
of trust between the different groups.

CONCLUSION 

The GM crop issue is characterised by low consensus among scientists. This study 
has revealed two distinct and independently coherent perspectives on GM crops. 
Perspective 1 emphasise that the environmental effects from releasing GM crops 
are unpredictable, while perspective 2 emphasise that GM crops are useful and 
present no unique risks. No ecologists are associated with perspective 2, while 
all the scientists employed in the GM-industry are associated with perspective 
2. Publicly funded scientists are likely to hold perspective 1, while scientists that 
are funded by the GM-industry are very likely to hold perspective 2. 

An immediate response might be that this study undermines the authority 
of science. This is not our conclusion. Rather the results might justify certain 
institutional changes concerning how we organise science and how we make 
public decisions on new technologies, in order to increase the public value of 
science. Policy makers should encourage more interdisciplinary training and 
research, and they should consider to reverse the commercialisation of GM crop 
research to secure that a substantial part of this research is independent from the 
priorities of the industry and to a greater extent could serve public needs. The 
results stress the need for involving scientists from several disciplines in public 
decisions on new technologies. Information about the contextual background 
of the scientists is relevant in these decisions as we observe that scientists from 
different contexts interpret the same information differently. The fact that several 
value judgments are involved in these decisions might justify public engagement. 
However, it is also important to emphasise that public participation does not 
automatically solve the problem of fairness and legitimacy in decision-mak-
ing. Finally, openness and acceptance to the fact that scientists are also human 
beings with values could provide the basis for new forms of dialogue between 
the scientific world and the wider public.

NOTES

1 By related fields we mean molecular genetics and biochemistry. 
2 Ajzen and Fishbein (1980) emphasise that attitudes are influenced by the beliefs about the 
consequences of the behaviour weighted against the evaluation of these consequences.
3 We have used three criteria for determining significance: 1) the factor loading should 
exceed 2,58 divided by the square root of the number of statements, 2) squared fac-
tor loading on a factor should exceed h2/2, where h (communalities) is the sum of the 
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squared factor loadings for all the significant factors, 3) criteria 1) and 2) should only 
show significance for one factor.
4 The factor rankings related to a factor constitutes the ideal Q sort of that factor. 
5 This factor is characterised by emphasis on the existence of positive and negative 
consequences of growing GM crops and that GM crops are not fundamentally different 
from conventional crops. Low confidence in research undertaken by the industry is also 
emphasised. 
6 It is normal procedure to ignore factors for this reason.
7 Q sorts which load significantly upon one factor alone are called ʻfactor exemplarsʼ. 
8 The numbers in parentheses refer to the statement number followed by the factor rank-
ing associated with factor 1.
9 The numbers in parentheses refer to the statement number followed by the factor rank-
ing associated with factor 2.
10Wilkins et al. (2001) present similar findings.
11 The numbers in parentheses refer to the statement number followed by the factor rank-
ings for that statement in the order of factors (1,2).
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This paper analyzes how different institutional structures shape the research and development (R&D) of
genetically modified crops (GM-crops). Whether this R&D is conducted within companies, cooperatives or
public research organizations (both publicly and privately funded R&D) is expected to influence the type of
crops and traits that are developed and therefore the effects on society and ecosystems that potentially could
follow from the use of GM-crops. This issue is analyzed empirically by statistical analysis of 1323 notifications
for field trials with GM-crops that have been submitted under two EU Directives in seven European countries.
The results show that the type of R&D organization influences the traits and crops that are developed.
Companies are more likely to submit notifications that concern GM-crops that secure the potential for profit
than are other types of R&D organizations, while R&D organizations that are purely publicly funded are more
likely to submit notifications that only concern biosafety research than are cooperatives and companies.
Consideration of the environment, food safety and food security might justify institutional reforms of R&D of
GM-crops. This might include increased public funding combined with changes in intellectual property
rights.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

This paper is about the influence of institutional structures on
technological development. Technologies influence society by influ-
encing how humans interact with each other and with nature.
Genetically modified crops (GM-crops) have a huge potential to
influence both society and ecosystems. Cultivating GM-crops might
generally impose greater uncertainty compared to cultivating con-
ventional crops, but the effects of GM-crops will vary from case to case
depending on the type of crop that is modified and the variety of traits
(the genetically modified characteristics) that are developed. GM-
crops could both have positive and negative environmental and social
effects depending on these relationships.
An important question is how society can reduce the potential for

harm from GM-crops, and increase their potential for benefits.
Technologies are shaped by the society and its institutional structures
(Metcalfe, 1995). Institutions are sets of conventions, norms and laws
that favor certain types of motivations and interests (Vatn, 2005). The
hypothesis is that institutional structures for the R&D of GM-cropswill
influence the type of crops that are modified and the varieties of traits
developed.
The focus of politicians considering GM-crop institutions has mainly

been on developing intellectual property rights to facilitate privatization
of research and then to regulate which GM-crops can be commercial-
ized. However, if there are long time lags between the creation of the
source of a negative effect and when that effect can be observed and
standard burden of proof requirements are applied, regulation of such

effects is difficult (Vatn, 2002). As well, regulations onwhich GM-crops
can be commercialized will not secure the development of GM-crops
that have positive effects on public goods like the environment.
A shift from state dominance of crop development to private

dominance has occurred (Pistorius and van Wijk, 1999). The effect of
this institutional change on which GM-crops are developed is given
little attention in actual policymaking. There are, however, reasons to
believe that the direction that the development of GM-crops takes is
influenced by the different institutional contexts of universities and
companies, as these contexts produce and protect different interests.
Dasgupta andDavid (1994) emphasize that it is the nature of the goals,
the norms of behavior, and the features of the reward systems that
constitute the fundamental structural differences between university
and company research. Company research is profit-motivated and
characterized by short-term proprietary goals and secrecy (Lacy et al.,
in press). University research should ideally serve public needs and
intellectual inquiry (Caldart, 1983) and is characterized by long-term
research, self governance and control over the research agenda, open
scientific communication and free use of the knowledge that is
produced (Lacy et al., in press; Dasgupta and David, 1994). As plant
biotechnology evolved, university research has, however, become
more market oriented and private funding of university research has
becomemore common (Shorett et al., 2003; Newberg andDunn, 2002;
Gibbons, 1999). Privately funded university researchers may be
obligated to serve the interests of the shareholders, while there are
no such obligations for purely publicly funded researchers. Agricul-
tural cooperatives are also involved in development of GM-crops and it
would be expected that their research would serve the interests of
their farmer members.
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The aim of this paper is to study how the different institutional
structures that are involved in different types of R&D organizations
influence the kind of GM-crops developed. More specifically, we study
a) what types of GM-crops are developed in companies, cooperatives
and universities (both publicly and privately funded R&D), and
b) what potential effects these types of institutional structures,
through the products that are developed, will have on the environ-
ment, on food security and on food safety. These issues are addressed
empirical by analyzing 1323 field trials with GM-crops that were
submitted under the Deliberate Release Directives 90/220/EEC and
2001/18/EC in seven European countries.

2. A theoretical clarification of the institutional influence on the
R&D of GM-crops

Different R&D organizations produce different incentives as a
result of different institutional structures. This leads to different con-
siderations being taken into account when developing GM-crops.
Fig. 1 illustrates which parts of the feasibility set for GM-crops are
expected to be realized under different R&D organizations.
Fig. 1 illustrates the parts of the technical feasibility set that are

likely to be developed given the type of organization. The technical
feasibility set is divided into different subsets (A–F) according to
whether the specific subset creates profits, is legitimate to develop,
and benefits members in farmer cooperatives.
The union of the feasibility sets of private, cooperative and public

research is expected to be a subset of what is technically feasible. This
is because some potential GM-crops are socially illegitimate. This is
denoted by subset F in Fig. 1, whichmight contain GM-crops that yield
profits, but in the long run will harm the reputation of the company.
Subsets C, D and E cover the parts of the feasibility set that can

create the necessary economic returns in markets. This is a necessary
condition for private R&D to take place. We would expect the crops
resulting from this R&D to be excludable to allow the creation of
necessary market revenues. The nature of plants implies, however,
certain obstacles to excludability. First, crops are biological products
that are easily reproduced. When seed transforms into a plant, the
original seed is replaced by new seeds, which may be used as food
products, or may be employed as a mean of production (as seed) for
planting the next crop. Second, the costs related to crop-variety R&D
are quite high. This combination of high R&D costs and low replication
costs implies that the incentive for private investment in plant
breeding is weak. Thus, to realize any of subsets C, D and E the seeds
have to be excludable.
There are two ways of making seeds excludable: legally and bio-

logically. Legal means to secure profits involve plant variety protec-
tion, patents, and contract growing. These means provide some, but
not complete, protection for GM seeds (Srinivasan and Thirtle, 2003).
First, the transaction costs of enforcing these intellectual property
rights are high. Second, the existing intellectual property rights limit
the possibilities for creating excludable seeds through legal means.
Hence, it is in the interests of shareholders to develop biological
means to secure a return on their investments.

One of the most important biological mechanisms for securing a
return on private investments—hybridization—has been available
since the 1920s (Goeschl and Swanson, 2003; Ruttan and Hayami,
1984). Hybrid seeds are the product of the cross between two
(or more) inbred lines. The seed of hybrid origin will lose some yield
potential in subsequent generations, which drastically reduces farm-
ers' incentives for seed saving. Despite of this property, hybrids have
beenwidely used among farmers as hybrid varieties often have higher
yields than open-pollinated varieties. This technology was, however,
deliberately designed to obstruct the biological reproduction process
(Pistorius and van Wijk, 1999). If the same effort had been put into
developing open-pollinated varieties, they would probably be as good
as hybrids (Kloppenburg, 2004). Subsets C, D, and E are expected to
contain genetic modification of crops that already are biologically
excludable by hybridization. Hybrid seed technology has been
commercially successful for only some crops because it is expensive
and often technically infeasible to produce hybrid seeds that have
better agronomic characteristics than nonhybrid seeds. Biotechnology
has, however, allowed the development of more economically feasible
hybrid production systems.
A more recent example of a biological means to secure returns

on private investments is Variety Genetic Use Restriction Technologies
(V-GURTs), also called terminator technology (Eaton et al., 2002). This
technology was first developed to prevent unwanted spread of
transgenic traits by inserting a plant sterilization gene which makes
the plant unable to produce fertile seeds (Purdue News, 2002). Seed
companies were, however, interested in this technology because it
ensures that seeds cannot be saved by farmers for subsequent planting.
Another biological means to make plant breeding more profitable

is to develop traits by genetic engineering that complement traded
inputs, i.e., the traits are only favorable if the farmer purchases the
traded input. One example is the development of herbicide-tolerant
GM-crops by companies that also market the particular herbicide to
which the crop is tolerant. The potential of these GM-crops can be
realized only when the herbicide is used.
Subsets C, D and E only include excludable GM-crops that are likely

to yield profits. The capacity to create profits will increase if the crops
and traits are widely demanded and if crops and traits can be
developed at sufficiently low cost. The extent of traits that are difficult
to develop might be limited since they are expensive to develop and
have an uncertain probability of success.
The distinction between subsets C, D, and E in Fig. 1 is defined by

how legitimate it is to develop the crop/trait in public research
organizations. Universities may have a more narrow area to operate
within than companies (illustrated by D and E), but also than
cooperatives (illustrated by D). This does, however, depend on how
market oriented university research is. In addition, there might be
certain excludable GM-crops that yield profits, but are not favorable
for farmers and therefore will not be developed by cooperatives (E).
It could be argued that company R&D will not develop excludable
GM-crops that are disadvantageous for farmers since the farmers
would not buy these seeds. This assumes that farmers have a choice
and that seed markets would be competitive (Srinivasan and Thirtle,
2003). However, the private seed industry has seen rapid consolida-
tion through takeovers and mergers (Srinivasan and Thirtle, 2003).
Subset B contains GM-crops that are favorable for members in

farmer cooperatives and legitimate to develop in public research
organization, but that create too little profit to secure private invest-
ments. Whether this subset is actually realized by farmer cooperatives
depends on the proportion of farmers who are members of the
cooperative, the transaction costs of excluding others from the
benefits of the cooperative plant breeding, and the capital yield claims.
Subset A illustrates the section of the feasibility set of GM-crops

that are not expected to create sufficient profit to interest pri-
vate capital and will not particularly benefit members in farmer
cooperatives, but are considered legitimate to develop in publicFig. 1. Feasibility sets under different types of R&D organizations.
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research organizations. Thus, this part of the feasibility set can only
be realized under public funding and might include crops that have
positive effects on public goods such as the environment and food
security. Crops that command only a small market and exhibit a high
degree of geographical specificity might also be important (Pray and
Umali-Deininger, 1998). Biosafety research on GM-crops that is not
required by public authorities is another example of possible subset A
research. Since scientists who work in public research organizations
have to take less account of what is demanded by farmers and
consumers, subset A might also contain crops that are considered
problematic by farmers or consumers.
The feasibility set for R&D projects that have both public and

private funding is likely to contain subsets B and C, but perhaps only a
portion of subsets D and E since some projects might be unsuitable for
public involvement, and perhaps also only a portion of subset A since
not all projects will create the necessary returns on investments.
Other factors are also likely to influence the type of GM-crops that

are developed. Countries might vary in their research cultures, the
priorities of public authorities and the varieties of crops and traits that
are important for the national agriculture. Time, i.e., the year the crops
are developed, is also likely to influence which crops are developed.
Country and year are therefore included as control variables in this
study.

3. Methodology and data

To test whether the different organizations involved in R&D of GM-
crops influence the varieties of GM-crops developed, we have tested
the following hypotheses:

• H1: The share of biologically excludable GM-crops is greater if
the R&D is conducted by companies rather than cooperatives, and
greater if by cooperatives than by public research organizations.

• H2: The share of GM-crops that is likely to yield profits is greater
if the R&D is conducted by companies than cooperatives, and greater if
by cooperatives than by public research organizations.

• H3: The share of biosafety research is greater in public research
organizations than in cooperatives and greater in cooperatives than in
companies.

For public research organizations we expect that R&D projects that
have both public and private involvement would be more similar to
R&D projects conducted by companies and cooperatives than R&D
projects that only have public involvement.
Thesehypotheses are testedwithdata fromfield trialswithGM-crops

in the EU. Field trials are a prerequisite step when applying for market
approval. The old and the new Deliberate Release Directives in the EU
require that before undertaking a field trial, a notification shall be
submitted. The database that we have used is based on a summary of
each notification and is termed the SNIF (summary notification
information format) database.1 Our analysis is based on data from the
period when the database was set up (October 1991) until June 2005.
We limited our sample to seven countries: Denmark, Finland, France,
Germany, Sweden, Spain, and the United Kingdom. Notifications from
these countries represent about 70% of all notifications submitted in this
period.
The database provides information on the name of the plant, the

main trait, the name of the notifiers (organizations that have sub-
mitted field trial notifications), the year the notification was sub-
mitted and the country where the field trial should take place. For
notifications submitted under the new directive, the summary of the
notifications is also available.

From the information provided on the websites of the notifiers, the
different types of R&D organizationswere categorized into companies,
cooperative mix,2 public research organization, other organizations
(organizations that do not fit in any of the other groups), and
unknown organizations (organizations for which we were unable
to find any information). Questionnaires were sent to 264 public
research organizations, ‘other’ research organizations and one com-
pany whose website stated that they received public funding, to check
if the specific project had received private funding. The response rate
was 72%. Companies or ‘cooperative mix’ received no questionnaires
because the extent of public funding in these organizations was
expected to be limited.
Since we have different combinations of type of organization and

funding (private or public) we term these different combinations
‘interests’. ‘Interests’ refers to the interests that are produced by the
institutional structures that exist in different types of organizationswith
different types of funding. Based on the answers to the questionnaires,
notifications submitted by public research organizations and other
organizations were categorized into public mix,3 pure public,4 public
unknown,5 and other organizations with unknown funding.
Five logistic regression models were analyzed. Models A and B are

related to Hypothesis 1, Models C and D are related to Hypothesis 2,
and Model E to Hypothesis 3. Table 1 presents Models A–E.
Models A, B, C and D include the same independent variables. In

the EU a de facto moratorium on the release of genetically modified
organisms as commercial products was established in 1999. This
moratorium was lifted in 2004 when the European Commission
approved a GM maize for import. No authorizations for cultivation
have, however, been granted since 1998. Years are categorized into
two time periods, the period before the moratorium (1991–1998) and
the period during and after the moratorium (1999–2005).
The dependent variable inModel A equals 1 if the notifications relate

to crops that have become biologically excludable by genetic modifica-
tion. This includes V-GURTs, crops that are genetically modified to
produce hybrid seeds (termed ‘restoration of male sterility/fertility’ in
the database), or traits developed by biotechnology that complement
traded inputs. The last mentioned type of notifications concerns
herbicide-tolerant GM-crops that are produced by companies that also
produce the particular herbicide to which the crop is tolerant. This
mainly concerns notifications that include tolerance to glufosinate and
are submitted by AgrEvo, Aventis Crop Science, Bayer Crop Science or
Plant Genetic Systems, or notifications submitted by Monsanto that
include tolerance to glyphosate or notifications submitted by Rhône-
Poulenc Agro that include tolerance to isoxazole or oxynil.
In Model B the dependent variable equals 1 if the notifications

relate to crops that have become biologically excludable by genetic
modification and/or crops where hybrids are widely used (biologi-
cally excludable by hybridization). Crops where hybrids are widely
used include broccoli, cabbage, cauliflower, chicory, fodder beet,
maize, melon, radish, squash, sugar beet, sunflower and tomato
(accomplished by advices from experts in plant breeding). Recently
hybrids have become quite common for oilseed rape. This crop is,

1 This database is available on http://gmoinfo.jrc.it/.

2 Notifiers that either are cooperatives or corporations owned—partly or fully—by
cooperatives, or in the case that the notifications involve more than one notifier,
notifications that are submitted by a company and a cooperative or corporations
owned by a cooperative. Cooperatives are included in this category because the
database contains only a few pure cooperatives.
3 (a) The R&D of GM-crop(s) is partly/fully privately funded and the notification is

submitted by a public research organization, or b) the notification is submitted by a
public research organization and a company or a ‘cooperative mix’, or an ‘other’
organization, or c) the R&D of GM-crop(s) is fully or partly publicly funded and the
notification is submitted by an ‘other’ organization or a company.
4 The R&D of GM-crop(s) is fully publicly funded and conducted by a public research

organization.
5 The notification is submitted by a public research organization, but the funding of

the R&D is unknown.
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however, not categorized as a crop where hybrids are widely used
since hybrids have been rare for this crop for most of the period
studied in this paper. Although hybrids arewidely used for a particular
crop, this does not necessary mean that the crop included in the
notification is a hybrid. This is, however, not expected to be a major
source of error.
To test Hypothesis 2 it would be preferable to employ data for sale

of seeds, as that would be the most adequate measure for demand for
seeds. These data were, however, not available. Instead, data on the
area sown to these crops were used (Eurostat, 2008a,b). An annual
average area for each crop in the time period 1991–2005 was cal-
culated. The dependent variable in Model C equals 1 if the crop(s) in
the notification was(were) grown on more than 50,000 ha in the
country where the notification was submitted. Trees were excluded
from the analysis since there are different laws on the use of forest
land and agricultural land. Tall fescue—a grass forage—was also
excluded since the area of production of this crop was unclear.
Notifications that contained more than one crop were excluded from
the analysis if the notification contained one crop that was grown on
more than 50,000 ha and one crop that was grown on less than
50,000 ha.
For Model C it can be questioned whether it is only the national

market that is relevant. The potential market for a Swedish field trial
crop might also for example include the Danish market. Calculating
the relevant market for each field trial crop would, however, be quite
complicated and require information that is unavailable for the author.
Also, another split point than 50,000 ha could have been chosen.
In most of the countries, this number appeared to produce a rea-
sonable grouping. In three of the countries there were no crops that
were grown on an area between 40,000 and 50,000 ha, and only one
country had crops that were grown on an area greater than 45,000 ha
but less than 50,000 ha.
The dependent variable in Model D equals 1 if the notifications

contain traits that are difficult to develop like fungi resistance, resis-

tance to abiotic stress and alteration of amino acid metabolism. This
categorization was done with the help of an expert in plant bio-
technology, who was unable to categorize 29 notifications. These
notifications are therefore excluded from the sample when analyzing
Model D. This type of categorization involves of course an element of
judgment.
Model E concerns whether the notification involves biosafety

research. This is determined by analyzing the summary of the
notifications6 that are submitted under the new Deliberate Release
Directive. The notifications that are submitted under the old
Deliberate Release Directive are excluded since there was no infor-
mation available on biosafety research for these notifications. Based
on the summaries of the notifications, the notifications are cate-
gorized into three groups: a) summaries where it is stated that
the notifications only include biosafety research (pure biosafety re-
search), b) summaries where it is stated that the notification includes
biosafety research and other purposes, and c) notifications where no
biosafety research is mentioned. Examples of groups a) and b) are
summaries where it is stated that “The purpose of this release is to…

address biosafety implications of pollenmovement and evaluating the
impact (if any) of transgenes on farming activity and on the envi-
ronment” or that the purpose of the project are “Study on the
ecological impact and the efficacy against the bacterial pathogens
Ralstonia solanacearum.”. Where the notifications include pure
biosafety research it is likely that this biosafety research is unrequired
by the authorities. Where the notifications concern biosafety research
and another purpose it is difficult to decide whether the biosafety
research is required by the authorities or not since some biosafety
research is required for all field trials. It might be that the only
difference between notifications b) and c) is whether required
biosafety research is mentioned or not. The number of summaries
where it is stated that the notifications include pure biosafety research
is zero for many of the categories. Hence, it was impossible to estimate
a logistic regression model for pure biosafety research. The dependent
variable in Model E therefore equals 1 if it is stated in the summary
that the notification concerns pure biosafety research (a) or biosafety
research combined with other purposes (b).
The independent variable ‘interests’ is the same for Model E as for

the other models. Since only notifications that are submitted under
the new Deliberate Release Directive are included, time of notification
is measured as a continuous variable (2002–2005). Countries are
categorized into countries that supported the moratorium and those
that did not (UK and Spain). It might be expected that countries that
supported the moratorium are more likely to conduct biosafety re-
search since they are more concerned about the involved risks.
All five models are analyzed by binary logistic regression. Except

for the variable ‘year’ in Model E, the independent variables are
dummy variables. Odds ratios (ORs) for each variable are presented.
OR is a way of comparing whether the probability of a certain event is
the same for two groups. An OR of 1 implies that the event is equally
likely in both groups. An OR greater than 1 implies that the event is
more likely in the first group. An OR less than 1 implies that the event
is less likely in the first group. While all the different interests are
compared against each other, each country is only compared against a
reference country (UK).
Since it was impossible to analyze the extent of pure biosafety

research by logistic regression, the association between pure biosafety
research and the independent variables in Model E is analyzed by
Fisher's exact test. This test was applied instead of the chi-square test
since the cells have expected counts of less than five. If the overall test
for a variable was found to be significant (pb0.05), multiple

6 The summaries are available on http://gmoinfo.jrc.ec.europa.eu/gmp_browse.
aspx.

Table 1
Variables included in the logistic regression models.

Independent
variables

Model

A B C D E

Y=1 if (0 otherwise)

Biologically
excludable by
biotechnology

Biologically
excludable by
biotechnology
or hybrid

Area of
production
of the cropsN
50,000 ha

Traits are
difficult
to develop

Biosafety
research

Interestsa X X X X X
Company
Cooperative
mix
Public mix
Pure public

Countrya X X X X
Denmark
Finland
France
Germany
Spain
Sweden
UK

Yeara X X X X
91–98
99–05

Yearb X
Attitude
moratoriuma

X

Support
No support

aDummy variables.
bContinuous variable (2002–2005).
‘X’ denotes that the variable is included in the model.
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comparison methods were employed to assess the pairwise compar-
isons. A t-test for the mean was used to look for differences between
interests, states and years.

4. Results

In this section we present the share of notifications submitted by
different interests for each country and for each year (Table 2) and the
share of different traits and crops by interest (Table 3). We then
analyze Models A, B, C, D and E (Tables 4–7).
Of the total number of notifications submitted, most (68%) were

submitted between 1994 and 1999, and most of these were submitted
by France (41%) and Spain (21%). In our sample, ‘company’ is the main
interest involved in field trials on GM-crops followed by ‘cooperative
mix’, ‘pure public’ and ‘public mix’. Denmark, Spain and the UK have
the highest company involvement, Sweden and France have the
highest ‘cooperative mix’ involvement and Finland and Germany have
the highest public involvement. We then excluded ‘public research
organization and unknown funding’, ‘other’ and ‘unknown organiza-
tion’ from our analysis. In Table 3 traits are categorized7 into input
traits, male sterility, output traits, markers, and other traits. Input
traits influence the performance of the plant during germination and
growth in the field, while output traits bring benefits to consumers
and food processors.
Table 3 shows that four crops (maize, oilseed rape, potato, and

sugar beet) and two traits (herbicide tolerance and insect resistance)
are included in more than 80% of all field trial notifications. The main
similarities are that oilseed rape is important for all interests, while
cotton, fodder beet, tomato, wheat, and other oil seeds are of little
importance for all. Except for these similarities, we observe great
differences between the interests. Examples are that maize and
herbicide tolerance are very important for ‘company’ and ‘cooperative
mix’, but less important for ‘pure public’. Rice and tobacco are only
important for ‘public mix’, while trees and other traits are only
important for ‘pure public’. Another difference is that ‘pure public’ has
greater variation in the type of crops that are included in their
notifications compared to the other interests.

4.1. Biologically excludable crops

The shares of notifications that contain crops that have become
biologically excludable by biotechnology (Model A) are 41, 16, 13, and
3% respectively for ‘company’, ‘cooperative mix’, ‘public mix’ and ‘pure

7 The categorization was done with the help of Annex B in Lheureux et al. (2003)
and with the help of experts on plant biotechnology.

Table 4
OR estimates for Models A and B by binary logistic regression.

Model A Model B
N=1204 N=1204

OR 95% CI OR 95% CI

Company vs. cooperative mix 4.2** 2.8–6.1 3.3** 2.2–4.8
Company vs. public mix 4.7** 2.4–9.2 12.8** 7.3–22.2
Company vs. pure public 25.1** 9.1–69.4 38.9** 21.3–71.0
Cooperative mix vs. public mix 1.1 0.5–2.4 3.9** 2.2–7.0
Cooperative mix vs. pure public 6.0** 2.1–17.6 11.9** 6.3–22.2
Public mix vs. pure public 5.3** 1.6–17.5 3.0** 1.4–6.4
‘99–05’ vs. ‘91–98’ 0.8 0.6–1.1 1.1 0.8–1.5
Denmark vs. UK 0.2** 0.1–0.5 2.0 0.9–4.6
Finland vs. UK 0.3 0.1–1.5 3.0 0.7–11.7
France vs. UK 0.7* 0.5–0.9 5.5** 3.6–8.4
Germany vs. UK 0.6 0.4–1.0 0.9 0.5–1.6
Spain vs. UK 0.4** 0.2–0.6 3.1** 1.9–5.0
Sweden vs. UK 0.4* 0.2–0.8 0.5* 0.3–0.9

*pb0.05, **pb0.01.

Table 3
Percentage distribution of crops and traits by involved interesta.

Company Cooperative
mix

Public
mix

Pure
public

All Total N

Crops
Cotton 3 0 0 1 2 21
Fodder beet 3 2 1 1 3 32
Fruit and berriesb 0 0 4 4 1 8
Maize 35 46 11 3 32 387
Oilseed rape 24 19 27 21 23 273
Potato 9 11 6 29 12 140
Rice 0 0 22 4 2 24
Sugar beet 19 9 5 4 14 168
Tobacco 2 6 18 5 4 52
Tomato 2 1 0 0 1 18
Wheat 1 2 2 1 1 16
Treesc 1 0 1 12 2 21
Other oilseedsd 3 3 0 1 2 29
Other vegetablese 2 2 1 10 3 37
Other cropsf 1 0.4 2 8 1 18

Traits
Input traits
Herbicide tolerance 73 59 37 29 63 756
Insect resistance 22 13 10 8 18 218
Resistance to
pathogensg

9 8 10 20 10 125

Abiotic stress/yield 1 9 34 15 6 76
Male sterility 12 5 12 2 9 113
Output traitsh 12 32 41 34 20 246
Marker 2 1 5 8 2 30
Other traitsi 0.4 0 1 8 1 15

a Some notifications include more than one crop and/or one trait so the total number
of crops and traits is higher than the number of notifications and the percentages sum to
more than 100.
b The fruit and berries are apple, grape, pear, and strawberry.
c Trees include aspen, birch, eucalyptus, pine, poplar, and spruce.
d Other oilseeds include soybean, sunflower, and turnip rape.
e Other vegetables include beet, broccoli, cabbage, cauliflower, chicory, lettuce,

melon, pea, radish, sea beet, spinach, and squash.
f Other crops include alfalfa, barley, black nightshade, flax, petunia, robusta, rose

gum, tall fescue, and thale cress.
g These pathogens include fungi, bacteria, virus, and other species.
h Output traits include modified nutrients/ingredients, industrial use, health,

modifications of color/form, and modification of ripening.
i Other traits include downregulation of systemin, trypsine proteinase inhibitor, and

the floral homeotic gene to induce sterility, as well as gene silencing, monitoring
transgene flow, phytoremediation of soils, study of promoter regulation, and testing of
gene expression and gene stability.

Table 2
Percentage distribution of notifications submitted by the interests involved by time
period and country.

Company Cooperative
mix

Public
mix

Pure
public

Public
research
org. and
unknown
funding

Other Unknown
org.

Total N

Year
91–93 61 10 8 5 7 0 8 83
94–96 54 20 8 8 2 3 5 409
97–99 56 23 3 10 2 2 2 496
00–02 55 15 2 16 8 3 1 174
03–05 58 12 15 11 4 1 0 161

Country
Denmark 83 10 5 0 3 0 0 40
Finland 30 0 15 35 5 15 0 20
France 49 30 5 9 0.4 4 3 546
Germany 48 3 3 36 8 0 1 147
Spain 67 9 7 3 6 0.4 8 274
Sweden 38 39 11 6 3 4 0 80
UK 67 10 8 6 5 3 1 216

All 56 19 6 10 3 2 3
Total N 738 249 82 135 45 33 41 1323
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public’. None of these crops is V-GURTs. All the traits that com-
plemented traded inputs concerned herbicide-tolerant crops that
were submitted by organizations that also market the particular
herbicide. The shares of notifications that contain crops that are
biologically excludable by biotechnology and/or hybrid (Model B) are
respectively 80, 64, 29, and 11% for ‘company’, ‘cooperative mix’,
‘public mix’, and ‘pure public’. Table 4 presents the OR estimates for
Models A and B.
The OR in Table 4 shows that for both models all four interests

differ significantly from each other, and that they differ in the
following order concerning the probability that the crop is biologi-
cally excludable: ‘company’, ‘cooperative mix’, ‘public mix’, and ‘pure
public’. The exception is that ‘cooperative mix’ does not differ sig-
nificantly from ‘public mix’ for Model A. ‘Company’ is, for example, 25
times more likely to submit notifications that contain crops that have
become biologically excludable by biotechnology than is ‘pure public’.
The UK (for Model A) and France (for Model B) are most likely to
develop excludable crops, while Denmark (for Model A) and Sweden
(for Model B) are least likely to submit these types of crops.

4.2. GM-crops that are likely to yield profits

The shares of notifications that contain crops that are grownonmore
than 50,000 ha (in the country where the notification is submitted) are

respectively 91, 82, 71, and 75% for ‘company’, ‘cooperative mix’, ‘public
mix’, and ‘pure public’. The corresponding numbers for the shares of
notifications that contain traits that are difficult to develop are 12, 24, 47,
and 40%. Table 5 presents the OR for Models C and D.
From Table 5 we observe that ‘company’ is more likely to submit

notifications that concern crops that are widely grown (Model C) and
traits that are easy to modify (Model D) than all the other interests.
For Model C, ‘cooperative mix’ is more likely to submit these types of
notifications than is ‘pure public’ and for Model D, ‘cooperative mix’ is
more likely to submit these types of notifications than is ‘public mix’.
Notifications submitted under and after the moratorium are more
likely to contain crops that are relatively widely grown than those
submitted before the moratorium. For Model D there is no significant
difference between the time periods, although one might expect the
share of difficult traits to increase with time as more knowledge is
gained on how to develop traits.

4.3. Notifications that include biosafety research

Since it was impossible to analyze the extent of pure biosafety
research by logistic regression, the number of notifications with pure
biosafety research as well as the results of Fisher's exact tests and the
multiple comparison tests is presented in Table 6. The total number of
notifications remaining in our analysis is 160 because we include only
notifications submitted under the new Deliberate Release Directive.
Table 6 shows that the extent of pure biosafety research is very

limited. Only 3%of the notifications submitted under thenewDeliberate
Release Directive concern pure biosafety research. All but one of these
notifications were submitted by ‘pure public’, one was submitted by
‘publicmix’ and none by the other interests. The extent of pure biosafety
research is significantly lower for ‘company’ and ‘cooperative mix’ than
for ‘pure public’. Table 7 presents the OR estimates for Model E—the
model that includes both ‘pure biosafety research’ and ‘biosafety
research combined with other purposes’. The shares of notifications
that contain this type of research are respectively 7, 17, 79, and 33% for
‘company’, ‘cooperative mix’, ‘public mix’, and ‘pure public’.
Table 7 reveals that ‘company’ is less likely than all the other

interests to submit notifications where it is stated that biosafety
research is the only purpose of the field trial or that biosafety research
is part of thefield trial. There are no significant differences between the
other interests. Surprisingly, states that supported themoratorium are
less likely to submit notifications that include some kind of biosafety
research than are states that did not support the moratorium.

5. Discussion

5.1. Institutional context and R&D of GM-crops

The results show that ‘companies’ are themain interest involved in
R&D of GM-crops. Although it is being emphasized that university

Table 7
OR estimates for Model E by binary logistic regression.

Model E
N=160

OR 95% CI

Company vs. cooperative mix 0.1* 0.0–0.8
Company vs. public mix 0.0** 0.0–0.1
Company vs. pure public 0.1** 0.0–0.3
Cooperative mix vs. public mix 0.2 0.0–1.1
Cooperative mix vs. pure public 0.5 0.1–2.4
Public mix vs. pure public 3.1 0.6–14.8
States not supporting the moratorium vs. states
supporting the moratorium

4.4* 1.2–16.3

Year (2002–2005) 0.9 0.5–1.6

*pb0.05, **pb0.01.

Table 6
The extent of pure biosafety research by interests, attitude to moratorium and year.

Independent variables Pure biosafety research1 Total no. of notifications

N %

Interests*
Company 0 0a 97
Cooperative mix 0 0a 18
Public mix 1 4ab 24
Pure public 4 19b 21

Attitude moratorium
Support 4 5 82
No support 1 1 78

Year
2002 0 0 8
2003 3 5 66
2004 1 2 47
2005 1 3 39

All 5 3 160

1The relationship between pure biosafety research and the overall effect of the
independent variables is analyzed by Fisher's exact test. *pb0.01.
a–bSince Fisher's exact test suggests that the overall effect of ‘interests’ is significant, the
differences between different interests are analyzed. Different superscripts imply
significant differences (pb0.05). If, for example, two cells both have the superscript a,
they do not differ, while if one of the cells has the superscript a while the other cell does
not have this superscript, they differ.

Table 5
OR estimates for Models C and D by binary logistic regression.

Model C Model D
N=1175 N=1147

OR 95% CI OR 95% CI

Company vs. cooperative mix 1.7* 1.1–2.7 0.3** 0.2–0.5
Company vs. public mix 3.9** 2.1–7.3 0.1** 0.1–0.2
Company vs. pure public 6.6** 3.6–11.9 0.2** 0.1–0.3
Cooperative mix vs. public mix 2.3 1.2–4.5 0.4** 0.2–0.7
Cooperative mix vs. pure public 3.9** 2.1–7.4 0.6 0.4–1.0
Public mix vs. pure public 1.7 0.8–3.6 1.5 0.8–2.7
‘99–05’ vs. ‘91–98’ 2.3** 1.5–3.5 1.3 1.0–1.9
Denmark vs. UK 0.1** 0.0–0.2 0.5 0.2–1.4
Finland vs. UK 0.0** 0.0–0.1 0.5 0.2–1.7
France vs. UK 0.6 0.3–1.0 0.4** 0.2–0.6
Germany vs. UK 2.3 0.8–6.3 0.6 0.3–1.1
Spain vs. UK 0.6 0.3–1.2 0.4** 0.2–0.6
Sweden vs. UK 0.1** 0.0–0.1 0.3** 0.1–0.6

*pb0.05, **pb0.01.
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biotechnology research has become more market oriented and that
private funding of university research has become more common, our
results show that more than half of the notifications submitted by
public R&D organizations are fully publicly funded and that ‘public
mix’ and ‘pure public’ differ significantly from ‘company’ in all five
models. ‘Public mix’ differs significantly from ‘pure public’ in two of
the five models. Hence, the results show that private involvement in
public research influences R&D, but that this type of research never-
theless differs from pure private research.
We observe that the institutional context influences the type of

crops and traits that are developed. Generally the analyses of the
models support our hypotheses. The analyses show that all four
interests differ significantly from each other and that they differ in the
following order concerning the probability that the crop is biologically
excludable (Models A and B), the probability that the crop is widely
grown (Model C) and the probability that the traits are easy to develop
(Model D); ‘company’, ‘cooperative mix’, ‘public mix’, and ‘pure
public’. Exceptions are that ‘cooperative mix’ does not differ sig-
nificantly from ‘public mix’ for Models A and C, that ‘public mix’ does
not differ significantly from ‘pure public’ in Models C and D, and that
‘cooperative mix’ does not differ significantly from ‘pure public’ in
Model D. For Model E (field trials that concern some kind of biosafety
research) there are no significant differences between the interests
except that ‘company’ differs from all the other interests. The extent of
pure biosafety research is significantly lower for ‘company’ and
‘cooperative mix’ than for ‘pure public’. Hence, except in the last case,
‘company’ is the interest that always differs from the other interests,
while the other interests sometimes differ significantly from each
other and sometimes not. Although we observe that the share of
different types of notifications varies between the interests, it is also
the case that almost all the traits and crops that are developed by
‘company’, ‘cooperative mix’, and ‘public mix’ are also developed by
‘pure public’. All the traits and crops that are developed by ‘pure
public’ (including pure biosafety research) are, however, not devel-
oped by the other interests. Hence, the different interests result in
different focus in their R&D of GM-crops and if ‘pure public’ dis-
appeared, some traits, crops and types of research would not be
developed.
Although some countries differ significantly from UK in all models,

there is no clear pattern of which countries that differ and in what
order. Concerning time, there was no difference between the period
before or after the moratorium was established, except that notifica-
tions submitted under and after the moratorium are more likely to
contain crops that are widely grown than those submitted before the
moratorium. It is perhaps surprising that the moratorium does not
have any effect, as that event represented a radical shift in the
possibility to market GM-crops.
Welsh and Glenna (2006) have undertaken a similar study of a

database on GM-crop field trial applications in the US from 1993
through 2002. Parallel to my findings in Tables 3 and 5 they found
that companies were more likely to focus on major crops and major
traits like herbicide tolerance and insect resistance than universities
and foundations. The authors did, however, observe that over time
the universities more closely paralleled private sector research
trends, indicating that university research has become more market
oriented.

5.2. Environment, food safety, and food security

One important question is what potential effects on the environ-
ment, food safety, and food security might follow if the GM-crops in
the notifications are cultivated or used as food or feed. Many of the
effects from GM-crops are uncertain and disputed. The effects from
the involvement of different interests in the R&D of GM-crops are
therefore also uncertain and disputed.

The interests differ on the extent of biologically excludable crops.
In our study biologically excludable crops refer to crops that are
genetically modified to produce hybrid seeds, crops where hybrids are
widely used, and herbicide-tolerant crops that were submitted by
organizations that also market the particular herbicide. Although
hybrids are likely to increase yields, they could affect food security
negatively since farmers are dependent on buying new seeds if the
quality and level of the yield are to be maintained. Herbicide-tolerant
crops have the potential to create a weed-management problem by
increasing the extent of herbicide-resistant weeds (GM Science
Review Report, 2003). One of the important concerns with the effects
of herbicide-tolerant weeds is, therefore, that it might cause more
damaging pest-control systems.
Most of the interests also differ in the likelihood of submitting

notifications of crops that are grown on areas with little commercial
interest. Involving public R&D will not necessary imply risk reduction
since it may actually increase the area cultivated with GM-crops.
However, if the results are transferred to plant breeding generally, the
development of crops that are grown on areas with little commercial
interest might increase food security since farmers who command
only a small market will also get access to improved plant material.
Whether the environmental risks increase if the area that potentially
could be cultivated with GM-crops increases also depends onwhether
the risks fromGM-crops that are developed by ‘pure public’ are similar
to the risks from GM-crops developed by, for example, ‘company’.
The interests also differ in the extent of biosafety research. Bio-

safety research, and especially pure biosafety research, is essential to
avoid negative effects on the environment, food security and food
safety.

5.3. Future choice of institutional structures

An important question is whether there is any need for institu-
tional change concerning the R&D of GM-crops. There are several
indications for an increase in the role of public R&D. One of the main
reasons that the public has been critical of GM-crops is the dominance
of private interests (Marris et al., 2001). The (positive and negative)
effects that GM-crops potentially could impose on the environment,
food security, and food safety justify increased public R&D since these
issues represent, in general, benefits and costs external to the private
sector. The protection of the farmers' right to save seeds may also
justify public involvement. The importance of agriculture for rural
settlement and cultural heritage might also justify public plant breed-
ing so that marginal agricultural areas get access to improved plant
material.
Private involvement in plant breeding increased substantially

because biotechnology allowed greater control over the genetic
characteristics of plants and facilitated the protection of biotechno-
logical innovations under patent law (VanWijk, 2004). In fact, current
patent laws strongly favor large companies and the development of
new varieties now requires access to a number of biotechnological
processes patented by different companies. The ability to license
processes often depends on the R&D organization having a portfolio of
patents for cross-licensing (Srinivasan and Thirtle, 2003). Hence, the
more patents you have, the better. This is one of the main reasons for
the many mergers and acquisitions among agricultural biotechnology
companies. Public research organizations often have few patents and
cannot afford to pay license fees, drastically reducing their ability to be
involved in applied plant biotechnology. Financial support for public
sector agricultural research has also suffered a serious setback
(Srinivasan and Thirtle, 2003). To increase public involvement in the
R&D of GM-crops, intellectual property rights might need to be
reduced and public funding increased. Only reducing intellectual
property rights is insufficient because that might increase the
emphasis on biologically excludable crops such as V-GURTS within
the private sector, and public researchers would, of course, need
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increased funding for this research. The findings of Welsh and Glenna
(2006) do, however, imply that only increasing public involvement,
might be insufficient. Institutional reforms that can reverse the
commercialization of university research might also be needed.

6. Conclusion

This paper illustrates the importance of the different institutional
structures for the varieties of GM-crops developed, and thereby the
effects that potentially could follow from the use of GM-crops. We
expected that the likelihood of developing biologically excludable
crops, crops that are widely grown, traits that are easy to develop and
notifications that do not concern any or pure biosafety research would
be greater if the R&D was conducted by companies than by
cooperatives, and greater in cooperatives than in public research
organizations. We also expected that R&D having both public and
private involvement (‘public mix’) would be more similar to R&D
conducted by cooperatives and companies than R&D that only had
public involvement (‘pure public’). Since only a few notifications were
submitted by pure cooperatives, the category ‘cooperative’ was
redefined to ‘cooperative mix’, meaning notifiers with some kind of
cooperative involvement. Our expectations were generally confirmed
by the results. For the issues studied company differed significantly
from all the other interests in the following order; ‘cooperative mix’,
‘public mix’, and ‘pure public’. One exception was that for traits that
are easy to develop, company differed more from ‘public mix’ than
from ‘pure public’. ‘Cooperative mix’ differed from ‘pure public’ on
most of the issues, while ‘cooperative mix’ and ‘public mix’ as well as
‘public mix’ and ‘pure public’ were more similar.

‘Company’ and ‘cooperative mix’ were likely to submit notifica-
tions involving biologically excludable crops. These interests are
therefore likely to develop GM-crops that might increase agricultural
weed-management problems and crops that can affect food security
negatively if the supply of seeds to farmers is hampered. Since
‘company’ is less likely than all other interests to conduct any kind of
biosafety research and because the extent of pure biosafety research is
significantly lower for ‘company’ and ‘cooperative mix’ than for ‘pure
public’, ‘pure public’ research is more likely to result in knowledge
about negative effects on the environment, food security and food
safety than ‘company’ and ‘cooperative mix’. Because ‘pure public’ is
more likely than ‘company’ and ‘cooperative mix’ to submit notifica-
tions for crops that are not widely grown, the area that potentially
could be sown to GM-crops could increase as a result of pure public
funding because farmers that command only a small market could
also get access to GM seeds.
The empirical results of this study, public distrust in private

research, and the importance of GM-crops for public goods such as the
environment, food security and food safety justifies institutional
reforms to increase public R&D of GM-crops. These reforms might
include increased public funding combined with changes in intellec-
tual property rights. Overproduction of food in western countries
during the 1980s and 1990s has been replaced by global food
shortages. This might increase awareness of the importance of public
plant breeding.
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Governing uncertain and unknown effects of genetically 

modified crops1

 

 

Valborg Kvakkestad and Arild Vatn 

 

Abstract 

This paper analyzes the capabilities of three different governance regimes for adequately 

handling uncertain and unknown effects of genetically modified (GM) crops. Adequate 

handling requires the development of sound procedures for identification of uncertainty 

and ignorance (U&I), reduction of U&I, decisions on how to treat irreducible U&I and 

monitoring of unexpected effects. The nature of U&I implies, however, that these 

procedures will be highly incomplete. Governance mechanisms that facilitate cooperative 

adaptation and communicative rationality are therefore needed. The three governance 

regimes (GR) compared are: GM crops are produced by private firms and these firms are 

made liable for harm (GR1); GM crops are produced by private firms and the government 

decides whether the crops should be marketed (GR2); and GM crops are produced by 

public research organizations and the government decides whether the crops should be 

marketed (GR3). The effect of bringing the civil society into the decision-making process 

is also analyzed. GR3 will be stronger in cooperative adaptation and communicative 

rationality than GR2. Public research organizations have fewer conflicts of interest with 

the government than private firms, and academic norms are important as opposed to firms 

where commercial norms are important. Difficulties in proving harm and identifying the 

responsible firm will make GR1 weak in cooperative adaptation and communicative 

rationality. 

 

Keywords 

GM crops, institutions, uncertainty, ignorance, cooperative adaptation, communicative 

rationality 

                                                 
1 A slightly revised version of this paper is published online in Ecological Economics 
(http://dx.doi.org/10.1016/j.ecolecon.2010.10.003).  
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1 Introduction 

A feature of the modern world is the rapid development of new technologies that could 

potentially have great—and often irreversible—impacts on humans and their interaction 

with the natural environment. Novel technologies often bring novel risks, which are hard 

or impossible to predict. Genetically modified (GM) crops are an example of a new 

technology that has the potential to influence both society and ecosystems in a novel way. 

The genetic material of these crops has been altered using genetic engineering techniques. 

Use of GM crops is characterized by uncertainty, ignorance and potentially long time lags 

between the introduction of these crops and the possible appearance of harm 

(Wolfenbarger and Phifer, 2000). While some scientists emphasize potential irreversible 

impacts and lack of predictability, others emphasize potential benefits and argue that the 

environmental issues raised by growing GM crops do not differ qualitatively from those 

of conventional crops (Kvakkestad et al., 2007). An important challenge is how we can 

deal adequately with uncertainty and ignorance (U&I) in the case of GM crops. Similar 

issues are relevant for other technologies as well. 

The challenges related to U&I can best be illustrated by identifying the 

differences between these concepts and risk. Risk implies known outcomes with known 

probabilities, whereas uncertainty means known outcomes but unknown probabilities. A 

situation where even the outcomes are unknown is defined as ignorance. Ignorance arises 

from many sources, including “incomplete knowledge, contradictory information, 

conceptual imprecision, divergent frames of reference and the intrinsic complexity or 

indeterminacy of many natural and social processes” (Stirling, 1998, page 103). A further 

central distinction is whether uncertainty and ignorance can be reduced by increasing 

scientific knowledge (Faber et al., 1996; Wynne, 1992). Uncertainty can be irreducible 

because of measurement problems (Spash, 2002), and ignorance can be irreducible 

because of complexity or indeterminacy in social-ecological processes and the 

incompleteness of scientific methods. 

This paper undertakes a governance-oriented analysis on how to deal with U&I in 

relation to GM crops. Governance is about forming institutional structures, and is 

concerned with the different ways in which societies can organize themselves to 

accomplish their goals (de Loë et al., 2009). The chosen governance regime—which in 
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this study refers to institutions that determine who should be involved in the production, 

assessment, marketing decisions and monitoring of GM crops—will influence human 

motivations and which kind of considerations can or should be taken into account, and 

thereby our ability to handle uncertain and unknown effects of GM crops. The purpose of 

this paper is to analyze how three different governance regimes enable the decision 

maker(s) to deal with the uncertain and unknown harmful effects of GM crops on 

common-pool resources2

The paper is organized as follows. Section 2 first elaborates on which issues are 

important for adequate handling of U&I, and then presents an analytical framework for 

analyzing the capabilities of different governance regimes for handling these issues 

adequately. Finally, three possible institutional alternatives for dealing with U&I are 

identified. Section 3 analyzes the capabilities of these governance regimes for handling 

U&I. The three regimes are: (1) GM crops are produced by private firms and these firms 

are made liable for harm; (2) GM crops are produced by private firms and the 

government decides whether the crops should be marketed; and (3) GM crops are 

produced by public research organizations and the government decides whether the crops 

should be marketed. The effect of bringing the civil society into the decision-making 

process is also analyzed. In Section 4, we discuss and expand on the findings of Section 

3. Section 5 offers a conclusion on the issues raised in this paper. 

. One way of dealing with the uncertain and unknown effects of 

GM crops is to generally stop the development of GM crops. This paper does however 

limit its focus to a situation where some GM crops might be desirable and some might 

not, and therefore they should be assessed case by case. 

 

2 Important dimensions when designing institutions for U&I 

 

2.1 Adequate handling of U&I—what are the challenges? 

An adequate way of dealing with U&I related to GM crops will demand institutional 

procedures that provide possibilities for preventing uncertain and unknown harmful 

                                                 
2 Resources where processes are linked in webs and cycles of matter and energy, and where demarcation of 
specific parts or pieces is physically very difficult. 
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effects. Preventing harm is important when serious irreversible3

The process of reducing U&I might be a never-ending and very costly process, 

because it will always be possible to learn more about the consequences of GM crops. 

Reducing U&I might also imply irreversible harm. GM crop field trials are, for example, 

necessary to learn more about the environmental effects of GM crops, but this type of 

learning might itself cause irreversible harm. The governance regimes should therefore 

balance the importance of reducing reducible U&I against the costs. With irreducible 

U&I (and reducible U&I that is too costly to reduce), the governance regimes should 

ensure that uncertain and unknown harmful effects does not automatically imply that GM 

crops be banned, but rather that avoiding uncertain and unknown harmful effects should 

be balanced against other social needs. 

 harm may be involved, 

and preventing harm is often less costly than dealing with harm once it has become 

evident (Sunstein, 2008). Avoidance of uncertain and unknown harmful effects requires 

procedures for assessing U&I prior to marketing. These procedures should ensure that 

U&I is identified and reduced (if possible), and that sound decisions can be made on how 

to deal with irreducible U&I. 

Procedures for handling U&I should not only enable the prevention of harm, but 

also ensure satisfactory monitoring of uncertain and unknown harmful effects that might 

arise from the cultivation of GM crops. Monitoring cannot prevent harm, but it can limit 

the extent of the harm by making early warnings possible and enabling adjustments in the 

design of GM crops (Karlsson, 2003). 

 

2.2 Which governance regimes are best suited for adequate handling of U&I? An 

analytical framework 

Markets, hierarchies and networks represent three alternative forms of governing 

transactions in the private sphere that shape the behavior and interests of individual actors 

(Powell, 1990). In the market, exchange is mediated through and made possible by the 

use of legally binding contracts. In hierarchies, authority plays an equivalent role. In 

networks, exchange is possible because actors trust each other (Hindmoor, 1998). 

                                                 
3 In the sense that it is very costly or impossible to make restoration and/or goods that are incommensurable 
(qualitatively distinctive) are lost (Sunstein, 2008). 
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Williamson (1991; 1985) emphasizes that the cost of transferring different goods and 

services (transaction costs) varies according to asset specificity, uncertainty and 

frequency, and that different levels of these costs determine whether transactions will be 

governed by markets, hierarchies (firms) or some kind of hybrid forms. Transactions that 

involve uncertainty about their outcome and require substantial transaction-specific 

investments are more likely to take place within hierarchically organized firms than 

exchanges that are straightforward and do not require transaction-specific investments 

(Williamson, 1985). Sociologists have highlighted the prevalence and functionality of 

network forms of governance that represent a unique alternative possessing its own logic 

(Powell, 1990). Networks preserve greater diversity of search routines than hierarchies, 

and they convey richer, more complex information than the market (Podolny and Page, 

1998). Ring and Van de Ven (1992) emphasize not only that managers will be motivated 

by efficiency considerations, but also that varying levels of risk and reliance on trust will 

explain whether markets, networks or hierarchies are the appropriate governance 

structures for transactions. 

General theories on these different types of governance structures have been 

applied to public management (Marsh and Rhodes, 1992). Of particular interest for this 

paper is the emerging literature on environmental governance. Because the state is now 

involved as a core actor, the above concepts take on a somewhat different meaning. 

Mostert (2008) uses the terms hierarchies, markets and ‘third alternatives’. Here, 

hierarchy means that the government assumes full responsibility for managing and 

regulating the use of environmental goods/bads. Market governance implies that public 

goods/bads are transformed into marketable goods by splitting them up into parts and 

privatizing them. An example of a third alternative is network management, which is 

based on the idea that government policy is made and implemented in policy networks. 

These networks consist of different governmental and nongovernmental actors, such as 

companies and NGOs. Lemos and Agrawal (2006) identify three idealized social 

mechanisms of environmental governance, namely state, market and community. 

Different hybrids between these mechanisms, like comanagement (between state agencies 

and communities), public–private partnerships (between state agencies and market actors) 

and private–social partnerships (between market actors and communities) are possible 
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and often desirable. de Loë et al. (2009) identify regulatory, market regulation, civil 

society, cooperative management and self-regulation as different generic models of 

environmental governance, and emphasize that environmental governance should involve 

forms of group decision making that accommodate diverse views, that hybrid 

partnerships among state and non-state actors are needed and that shared learning is 

critical. 

Pure market governance is undesirable for the uncertain and unknown effects of 

GM crops because the environmental goods that GM crops might affect cannot easily be 

made into tradable objects. To limit the scope of this paper, we do not include pure 

network4

The nature of U&I implies that U&I regulations will be highly incomplete. It is 

impossible to develop ex ante instructions that specify in advance adequate responses to 

new information/knowledge, how U&I should be identified and reduced, how to make 

sound decisions in the case of irreducible U&I and how monitoring should be conducted. 

Asset specificity, i.e. that each GM crop is unique with respect to potential environmental 

effects, implies that it would be impossible to develop regulations that are adjusted to 

each GM crop variety. Further, we find ourselves in a situation of asymmetric 

information between the producers and the regulator because the producers are better 

informed about the GM crop that they have developed than the regulator. 

 governance in the analysis. The governance regimes that will be analyzed in 

this paper all rest, therefore, on some kind of hierarchical structure, in that the state 

establishes some kind of regulation for the handling of the uncertain and unknown effects 

of GM crops. Market actors and community actors will, however, be involved to varying 

degrees. 

Faced with incomplete regulations, and therefore situations where contingent 

events and countermove strategies are very difficult to foresee, governance mechanisms 

that facilitate cooperative adaptation and communicative rationality are needed. 

Cooperative adaptation refers to a capacity and predisposition toward responding to 

disturbances in a coordinated and compliant way (Williamson, 1999), while 

communicative rationality implies communication with the intention of reaching 

                                                 
4 Pure network governance might be a feasible form of governing the uncertain and unknown effects of GM 
crops, but might also be problematic because of the lack of trust between state agencies, the GM industry 
and the civil society (Marris et al., 2001). 
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agreement exclusively via the force of better arguments (Habermas, 1984). The 

communications should be free from manipulation and coercion, and the participants 

should act on ‘higher’ motives than their own interests. The decisions that are made 

should also be competent, i.e. the best possible understanding and agreement should be 

constructed (Webler, 1995). Because it is impossible to establish ex ante regulations that 

specify adequate handling of U&I, cooperative adaptation and communicative rationality 

become important to ‘fill out the ex post gaps’ in the regulation adequately. 

Williamson (1999) emphasizes that the efficient governance response to the need 

for cooperative adaptation is to provide contractual5

Cooperative adaptation and communicative rationality might seem to overlap 

somewhat. Important differences, however, are that while cooperative adaptation in this 

case is concerned with compliance with the will of the government, communicative 

rationality is concerned with how to reach the best possible decision. A governance 

regime that is strong in cooperative adaptation will not necessarily be strong in 

communicative rationality, and vice versa. Cooperative adaptation is positive for 

adequate handling of U&I only if the government favors adequate handling of U&I. The 

analysis in this paper assumes that this is the case. Another difference is that while 

 safeguards or, if unmet needs for 

added coordination persist, to internalize the hazard through unified ownership/vertical 

integration. Vertical integration is the preferred solution when contractual hazards are 

high, i.e. “maladaption hazards will arise if one or both parties decline to cooperate” 

(Williamson, 1999, page 315). In such a setting, vertical integration can be necessary to 

ensure cooperative adaption. One of the key issues that will be analyzed in this paper is 

therefore whether (1) the state should produce, assess and monitor GM crops and decide 

whether GM crops should be marketed, or (2) firms should produce GM crops under 

some kind of U&I regulation that ensures that firms undertake the assessments, the 

marketing decisions and the monitoring in accordance with the will of the government. 

The effect of combining these two alternatives with involvement from the civil society 

will also be analyzed. 

                                                 
5Although the type of regulations that we study cannot be considered to be contracts (and not all aspects 
concerning the governance of U&I can be understood as transactions), many of the challenges with 
incomplete regulations are similar to the challenges with incomplete contracts. Both in the case of a 
regulation and a contract, the government actors and the contracting parties want to make sure that those 
that are regulated or the contracting party respond to disturbances in a coordinated and compliant way. 
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cooperative adaptation implies that the government gains access to the knowledge 

produced by the GM producers (i.e. no strategic use of asymmetric information), 

communicative rationality requires that the knowledge that is produced is freely 

available. Free access to knowledge is important for making complementary U&I 

assessment and monitoring approaches possible. Free allocation of knowledge will also 

make accumulation of knowledge possible. 

Faced with incomplete regulations and the need for cooperative adaptation and 

communicative rationality, the motivations—interests and values—that are fostered by 

the governance regime become important. Public research should ideally serve public 

needs and intellectual inquiry (Caldart, 1983), firms should maximize profits, public 

regulatory bodies should serve the government and the civil society should articulate, 

foster and serve shared/public interests and values through dialogue and debate (Vatn, 

2005). These goals are instituted via the forming of roles and other institutional structures 

that ensure that employees act in accordance with the goals. These roles shape, for 

example, what become the self-interests of the employees (O’Neill, 1998). Problems 

occur if the goals of an agent conflict with an adequate response to U&I and we are faced 

with incomplete regulations. In such a situation, we are likely to observe strategic use of 

asymmetric information, strategic interpretation of contractual ambiguities and lack of 

cooperative adaptation when net local advantages might be involved (Williamson, 1999). 

 

3 The capability of three different governance regimes to handle U&I 

 

3.1 The governance regimes to be analyzed 

The three alternative governance regimes analyzed in this paper are presented in Table 1. 

Governance regime (GR) 1 implies that GM crops are produced by private firms and that 

these firms are made liable for harm. A monitoring regulation is established that requires 

monitoring by the firm (GR1a) or monitoring by a public regulatory body (GR1b). 

Governance regime 2 implies that GM crops are produced by private firms and that the 

government decides whether the crop should be marketed. An assessment and monitoring 

regulation is established that requires assessment and monitoring by the firm (GR2a) or 
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assessment and monitoring by a public regulatory body (GR2b). Governance regime 3 

implies that GM crops are produced by public research organizations and that the 

government decides whether the crop should be marketed. An assessment and monitoring 

regulation is established that requires monitoring by the public research organization 

(GR3a) or assessment and monitoring by a public regulatory body (GR3b). The effect of 

including network governance in terms of bringing the civil society or citizens into the 

decision-making process will also be analyzed. The three governance regimes are 

analyzed in relation to their ability to facilitate cooperative adaptation and communicative 

rationality. 

 

 

Table 1 
The characteristics of the three alternative governance regimes (GR) and their 
subregimes. PF: private firm; G: government; PRB: public regulatory body; PRO: public 
research organization 
 GR 11 GR 22 GR 32 

1a 1b 2a 2b 3a 3b 
PF PF PRB PF G PF PRB G PRO G PRO PRB G 

Production x x  x  x   x  x   
U&I assessment 
prior to 
marketing 

x x  x   x  x   x  

Marketing 
decision x x   x   x  x   x 

Monitoring x  x x   x  x   x  
1The firm is made liable for any potential unexpected effects. Regulation for monitoring is established. 
2Regulation for U&I assessment and monitoring is established. 
 

 

3.2 GR1: Making private firms liable for environmental harm 

Environmental liability refers to civil liability for personal injury and damage to goods 

and private property, as well as damage to the environment where private property does 

not exist (e.g. flora, fauna, land, air and water resources) (Winter et al., 2008). The latter 

case is most relevant for this paper and implies that the state makes the compensation 

claim. Both the EU6 and the USA7

                                                 
6 Directive on Environmental Liability with regard to the Prevention and Remedying of Environmental 
Damage. 

 have established liability to the wider environment. 

7 The Comprehensive Environmental Response, Compensation, and Liability Act. 
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The intended function of environmental liability is to create incentive to prevent8

To ensure that liability can provide firms with sufficient incentives to prevent 

environmental harm, it is important that well-defined obligations for risk are set up in 

advance (Baram, 1982; Farber 1991), i.e. that the agents know what kind of harm

 

environmental harm in the future and to compensate victims by making firms fully 

responsible for all adverse environmental effects (Bally, 2005; Ulph and Valentini, 2004; 

Zweifel and Tyran, 1994). In principle, such a governance regime would be preferable 

because it is often the private firms that are most informed concerning their products and 

are therefore most competent in identifying U&I, reducing U&I and monitoring 

unexpected effects. If firms expected to bear all the costs of their activities, they would 

also be likely to make sound decisions in relation to irreducible U&I. It is, however, 

questionable whether it is possible to develop and enforce a regulation that ensures that 

the firms bear all the costs of their decisions, and thereby be strong in cooperative 

adaptation and communicative rationality. 

9

Strict liability and negligence represent two different liability rules. Strict liability 

implies that the defendant is held liable for the harm caused whether or not the defendant 

acted negligently, while negligence implies that a plaintiff should be entitled to recover 

from a defendant who has caused harm only if the defendant failed to take reasonable 

steps to avoid inflicting the harm (Epstein, 1973). Ensuring full compensation under strict 

liability requires that actual harm is proven and that the responsible firm is identified. 

Under negligence, the plaintiff also needs to prove that the defendant had a duty to 

conform to a specific standard of conduct and that the defendant breached that duty 

(Bally, 2005). The complexity of the causal chains between crops and the environment, 

time lags between cause and effect, asymmetric information and damage caused by 

 they 

might be liable for, and that they know approximately how much compensation will be 

required for different types of harm. The nature of U&I will make it difficult to specify ex 

ante what kinds of unknown effects are unwanted, and how much compensation will be 

required for different types of harm. 

                                                 
8 In terms of providing polluters with appropriate incentives to reduce the risk of environmental damage 
(i.e. to undertake safety measures that reduce expected damages) because of the cost implications of 
potential future liability. 
9 A prior complete enumeration of sanctionable actions is, however, not required. 
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multiple sources makes identification of harm, injurers, and proof of lack of due care by 

the injurer10

To facilitate the identification of harm and injurers, it is crucial that adequate 

procedures for monitoring are established. Unforeseen harm is especially difficult to 

identify because it is not known what kind of harm to search for. If firms monitor 

(GR1a), we are likely to be faced with incomplete regulations concerning what and how 

to monitor, as well as how to respond to any information obtained under monitoring. It is 

beneficial for the firm that research results that could potentially harm sales or benefit 

competitors are kept secret (O’Neill, 1998). It will not be in a firm’s interest to identify 

harm or to make harm transparent, and we are therefore likely to observe strategic 

interpretation of ambiguities in regulations (Koch and Ashford, 2006). Involving public 

regulatory bodies in the monitoring (i.e. GR1b) is likely to reduce these problems because 

these bodies are more likely to be concerned with identifying and adequately handling 

harm. The public regulatory body will, however, be faced with asymmetric information 

concerning the GM crops that are grown, and the firm will be likely to use this 

asymmetric information strategically. 

 difficult (Feess et al., 2009; Ulph and Valentini, 2004; Zweifel and Tyran, 

1994). If, for example, a reduction in the number of birds is observed in an area where 

several types of GM crops are grown, it is difficult first to prove that the GM crops 

caused the damage and then to identify which of the GM crops caused the damage. The 

strength of the causal link between the damage and the activities that caused the damage 

that needs to be established is therefore important for what kind of incentives exist for 

avoiding harm (Bally, 2005). Costly proof of liability reduces the expected costs of risky 

behavior (Farber, 1991). 

Assuming that damage is proven and that the responsible firm is identified, it will 

be uncertain whether damage will be compensated. Damage might not be compensated if 

the firm has insufficient assets to repair or compensate for the damage, or if the damage is 

identified after a firm has closed down, implying that the firms do not perceive 

themselves as having to bear the full costs of risky behavior (Ulph and Valentini, 2004). 

Hutchinson and van ’t Veld (2005) emphasize that it is not uncommon for environmental 

damages to exceed the market value of the firm responsible for an accident. A 

                                                 
10 In the case of negligence. 
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compulsory insurance scheme could ensure that compensation will be available and 

impose risk-reduction measures on firms (Merrifield, 2002). Environmental liability for 

GM crops does however raise insurability challenges (Dahlström et al., 2003). Firms tend 

to consider that low-probability risks are negligible, thus these risks are often ignored in 

loss-prevention and loss-protection decisions (Katzman, 1985). The very nature of U&I 

implies a lack of actuarial information to assess the probability and scale of adverse 

events, and thereby difficulties in adjusting premiums to effective risk (Zweifel and 

Tyran, 1994). The insurers might not be able to monitor the care level of their clients 

(Feess and Hege, 2000), and the insurers may become insolvent (Merrifield, 2002). 

Whether insurance is possible does however depend on the type of liability that is 

established. Dahlström et al. (2003) emphasize that it is reasonably certain that insurers 

would have been unwilling to underwrite the unquantifiable risks of GM crops if strict 

liability had been required. Limited liability and restrictions that exclude liability if 

technology developers follow applicable regulations and operate on the basis of best 

available scientific knowledge will increase the likelihood that risks are insurable 

(Dahlström et al., 2003). The EU directive for environmental liability does for example 

emphasize that the polluter can be exempted from liability if those who caused 

environmental damage demonstrate that the damage was caused by activities or emissions 

authorized expressly by the competent authorities, or if it was not possible to anticipate 

the damaging effect on the basis of the state of scientific knowledge at the time, and if the 

operator was not negligent (European Commission, 2004). If more than 30 years have 

passed since the event that caused the damage, the directive will not apply (European 

Union, 2004). 

If we assume not only that damage is proven and that the responsible firm is 

identified, but also that damage is compensated, this governance regime might still cause 

concern if possibilities for serious irreversible harm exist. Zandvoort (2005) emphasizes 

that liability can only lead to full internalization of external costs if these effects are 

reversible. For natural life-support systems, it is often the case that no practical 

substitutes are possible, and that compensation cannot therefore be meaningfully 

specified (Toman, 1994). Possibilities for serious irreversible harm might imply that 
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remediation is impossible or very costly, and that no amount of compensation could make 

the victim equally well off. 

We observe that it is questionable whether this governance regime provides 

sufficient compensation and prevention in the case of the uncertain and unknown effects 

of GM crops on the wider environment. Difficulties concerning documenting harm and 

identifying who is responsible, as well as possibilities for insufficient firm assets to repair 

or compensate for possible damage imply that possible damage will not be fully 

compensated, and therefore that insufficient incentives exist for preventing uncertain and 

unknown harm. The difficulties in establishing well-defined behavior restrictions ex ante 

also imply insufficient preventive incentives. The possibilities for serious irreversible 

harm imply that prevention becomes important (Sunstein, 2008). This lack of sufficient 

preventive incentives implies that firms not will be motivated to act in accordance with 

the will of the government, and that they will not be motivated to produce a best possible 

understanding of the involved uncertainties. This is illustrated by the fact that the success 

of environmental liability laws in the USA has been heavily disputed (Schoemaker and 

Schoemaker, 1995). This critique does not imply that liability should play no role in the 

governance of U&I. Combining liability with other types of regulations might be 

preferable. 

Integrating civil society into this governance regime might increase its ability to 

handle U&I. Tools such as participatory technology assessment could, for example, help 

the insurance sector gain a better understanding of the involved U&I and the harms that 

are important to avoid (Dahlström et al., 2003). If insurance is inapplicable, firms could 

be asked to facilitate participatory technology assessment. It is, however, important to be 

aware that conflicts of interest might arise when private firms are required to implement 

the outcomes from this type of technology assessment. 

 

3.3 GR2: Government decision on marketing of GM crops that are produced privately 

This governance regime implies that firms that want to market a GM crop have to apply 

for approval from the government. A public regulatory body (GR2a) or the firm (GR2b) 

that has produced the crop becomes responsible for U&I assessment and monitoring. 

Hence, in addition to establishing monitoring procedures (as with GR1), the government 
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has to establish procedures for: (1) how U&I should be identified and reduced; (2) what is 

accepted as sufficient identification and reduction of U&I; and (3) how to make decisions 

on irreducible U&I. Developing regulations that specify sufficiently ex ante how these 

issues should be dealt with is almost impossible. Assessment and monitoring regulations 

are therefore likely to be highly incomplete, and therefore governance mechanisms that 

facilitate cooperative adaptation and communicative rationality are needed. 

GR2b will be stronger in cooperative adaptation than GR2a because it is the 

public regulatory body that will assess U&I and monitor unexpected effects. Possibilities 

for strategic use of asymmetric information by the firm might, however, hamper the 

identification and reduction of U&I and the monitoring of unexpected effects. 

The USA and the EU have established a regulatory framework that is quite similar 

to GR2b. This type of governance regime will be quite weak in cooperative adaptation 

and communicative rationality. A firm’s interests when assessing U&I and monitoring 

unexpected effects would conflict with the interests of the government, therefore instead 

of being motivated to produce less uncertain GM crops with assessments and monitoring 

that provide the best possible understanding of the problem, the firm will be motivated to 

produce GM crops with assessments and monitoring that they expect to result in 

government approval. Nielsen (2006) emphasizes that no systematic or explicit 

approaches to minimizing conflicts of interest between the firm and the state are 

embedded in most current regulatory frameworks. The fact that the government will 

decide whether the GM crop should be approved does, however, provide some safeguards 

and some possibilities for communicative rationality in the decision on whether the GM 

crop should be marketed. However, the government might be faced with asymmetric 

information, and a fully competent decision is therefore unlikely. 

How and by whom the politicians are advised under GR2 is important for the 

fostering of communicative rationality. Current practice implies that a panel of experts 

usually reviews the full proposals by the firm (Nap et al., 2003). The advice from the EU-

level experts has, for example, been extremely important for actual EU decisions on the 

release of GM crops (Borrás, 2006; Kvakkestad and Vatn, 2008). In the cases where the 

EU-level expert advisors have concluded that they cannot find any risks to human health 

or the environment (which has always been the case), the Commission has no other 
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choice than to conclude with approval. A recent example is the approval of a genetically 

modified potato. Despite the fact that concerns have been raised about environmental 

uncertainty and its potential health effects because of the containment of antibiotic 

resistance marker genes, the European Food Safety Authority concluded that the product 

is unlikely to have an adverse effect on human and animal health or the environment and 

the European Commission therefore approved the release of the potato (European Union, 

2010). 

The independence of the expertise underlying decisions has been questioned, and 

it has been emphasized that it is not possible in practice to restrict the advisory process to 

technical issues, and that subjective values of scientists influence decision making 

(Jasanoff, 1990). A survey among GM scientists indicates that they hold opposing 

perspectives on the reasonability of releasing GM crops into the environment, and that 

these perspectives depend on disciplinary background and on whether or not they are 

industry funded (Kvakkestad et al., 2007). A crucial issue is therefore what types of 

institutions could promote the ‘right’ kind of behavior by experts and how to interrelate 

science and politics more explicitly. Millstone (2007) emphasizes that the policy makers 

should take democratically accountable responsibility for establishing explicit guiding 

principles for the deliberations of scientific policy advisors, and that scientific policy 

advisors should act explicitly in accordance with that guidance, for example by 

acknowledging explicitly the ethical and political assumptions that guided their scientific 

assessments. It is also important that the politicians are advised by scientists that 

represent different disciplines, because multiple perspectives can prevent the narrowing 

of alternatives (Jasanoff, 2002). 

Several authors emphasize that when the stakes are high, values diverge, unknown 

effects might be involved and time scales are long, politicians should not be advised 

solely by scientific experts (e.g. Funtowicz and Ravetz, 1992; O’Connor and van den 

Hove, 2001). Ambiguity, i.e. disagreement about the significance of outcomes11

                                                 
11 An example is that although there is general agreement that gene flow from GM crops occurs, there is 
disagreement about the harmfulness of gene flow from GM crops. 

, implies 

that expert analytical methods are less applicable (Stirling et al., 2007). Including civil 

society participation might be important, because citizens tend to see problems, issues 
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and solutions that experts do not see (Fiorino, 1990), and it should be acknowledged that 

scientific experts are not more competent than others in making value decisions. 

Hoffmann-Riem and Wynne (2002) emphasize that multiple interacting perspectives can 

be useful in identifying the limitations of the other perspectives, and that lay knowledge, 

in particular, can make a valuable addition to expert knowledge. How to articulate the 

roles of scientific experts and laypersons in democratic governance of uncertain risks has 

been a main concern in recent times. A suggested solution is increased citizen 

participation by consulting the civil society in the decision-making processes (Borrás, 

2006). Consensus conferences, participatory technology assessment, citizen juries and 

public hearings are examples of this type of consultation. It is, however, important to be 

aware that involving civil society will not automatically make the decision-making 

process more communicative. In some cases, this type of involvement might instead 

aggravate conflict and foster more strategic behavior. Webler (1995) emphasizes that 

‘correct’ participation requires multi-way communication, nonhierarchical participation, 

respect for individual autonomy and critical self-reflection. 

GR2b is expected to imply more information for the public than GR2a because 

this sub-regime implies publicly based information not only from the assessment, but also 

from the monitoring. This, however, depends on what types of restrictions firms put on 

the information they submit to the authorities. Today, confidentiality is frequently 

claimed on the information used/produced in the assessment and the monitoring, and no 

incentive currently exists for companies to communicate unexpected or negative findings 

during GM crop development (Newell, 2003; Nielsen, 2006). It is also the case that users 

of GM crops must sign user agreements that forbid the use of the seeds for any 

independent research (Scientific American Magazine, 2009). Current practice therefore 

implies that free allocation of knowledge and independent research and monitoring are 

prevented. 

 

3.4 GR3: Government decision on marketing of GM crops that are produced publicly 

This governance regime will make the research and development (R&D) of GM crops a 

public responsibility. In this way, the government will directly influence management 

objectives and the handling of U&I (Vatn, 2005). Public R&D of GM crops might seem a 
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radical alternative, but the fact is that between the 1930s and the 1970s the R&D of new 

plant varieties in the Western world was mainly conducted publicly (Pistorius and van 

Wijk, 1999). The setup of this governance regime is quite similar to GR2. Regulations for 

identification of U&I, reduction of U&I, monitoring of unexpected effects and handling 

of irreducible U&I will be established. The regulation would require public research 

organizations to submit information on the GM crop that they have developed. For the 

same reasons as for GR2, these regulations will be highly incomplete. 

GR3 can be quite strong in cooperative adaptation and possibilities for 

communicative rationality because public research organizations have fewer conflicts of 

interest with the government than private firms, and because academic norms foster 

communicative rationality. These norms include Merton’s five principles for good 

science, namely universalism, communalism, disinterestedness, organized skepticism and 

originality (Ziman, 1984). These norms have proved to be fruitful for an understanding of 

the interaction between psychological and institutional mechanisms in the production and 

communication of scientific knowledge (Weingart, 2004). In addition to these principles, 

the norm that public research should serve public needs is important (Caldart, 1983). 

Communalism implies that even though the government and the public regulatory body 

will face the same type of asymmetric information as under GR2, strategic use of this 

information by the public research organizations is less likely. The knowledge produced 

under this governance regime is more likely to be freely allocated to the public and other 

scientists than under the other two governance regimes. 

Public research organizations will, however, not be perfect in cooperative 

adaptation and communicative rationality. Merton’s idealized normative account of 

science has been shown to not always be an adequate description of scientific practice 

(Mulkay, 1979). Competitive pressure in public science has led to secrecy, and 

sometimes dogmatic commitment, which does not fit with fully organized skepticism. 

Disciplinary boundaries make it difficult to bring together the broadest possible set of 

research tools (Jasanoff, 2002; Kriebel et al., 2001), and the subjective values of scientists 

tend to influence scientific outcomes (Jasanoff, 1990). Although those that develop GM 

crops possess valuable knowledge about the product, they also tend to be ‘too close’ to 

the product they have developed (Fjelland, 1999). Conflicts of interest might arise if the 
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approval of a GM crop could benefit the public research organizations. We therefore 

expect GR3b to have stronger possibilities for communicative rationality and cooperative 

adaptation than GR3a. 

The validity of these conclusions depends, however, on how the government is 

advised (see Section 3.3) and how public R&D of GM crops is organized. A crucial issue 

is what kind of institutional structures would be the most likely to ensure that public 

research organizations fulfill their roles as the guardians of the ‘general interest’ in the 

case of highly complex and uncertain issues that imply social and political controversies. 

More multidisciplinary research might be important. It is also suggested that citizens 

should be actively involved in the production, control and validation of public science 

and technology (for a review, see Bäckstrand, 2003; Borrás, 2006; Hage et al., 2010). 

This is, however, a controversial issue, because scientific quality might not be consistent 

with public participation in the production of science and technology. 

 

4 Discussion 

 

4.1 Comparison of the three governance regimes 

Table 2 presents how we expect the three governance regimes to perform on the criteria 

identified in Section 2, which are important for identification and reduction of U&I, 

monitoring of unexpected effects and sound decisions on irreducible U&I. The first 

criterion, cooperative adaptation, concerns compliance with the will of the government by 

the GM producers. Cooperative adaptation is important when the producers12

The second criterion, possibilities for communicative rationality, is important in 

the U&I assessment, the marketing decision and the monitoring. Information for the 

 must 

provide information to the government and the public regulatory body, and when the U&I 

assessment, the marketing decision and the monitoring must be conducted by the 

producers of GM crops or the public regulatory body. Cooperative adaptation is, 

however, irrelevant for the marketing decision when the government makes this decision. 

                                                 
12 To simplify the analysis, we have not analyzed cooperative adaptation between the public regulatory 
body and the government. 



 

 97 

public is important to provide possibilities for civil society to take part in the handling of 

U&I. There is a strong connection between the two criteria, and the success of one 

criterion depends on the success of the other. Lack of cooperative adaptation and thereby 

strategic use of asymmetric information could, for example, reduce the possibilities for 

communicative rationality and competent decisions. Because conflicting interests with 

the government’s will to handle U&I adequately also reduce the possibilities for 

communicative rationality, it follows that a governance regime that is strong in 

cooperative adaptation will also provide strong possibilities for communicative 

rationality. 

 

Table 2 
The three governance regimes and their capacity for adequate handling of U&I. PF: 
private firm; G: government; PRB: public regulatory body; PRO: public research 
organization 
 
 
Criterion 

Governance regime 
(1) PF produces GM 

crops and is made liable 
for harm 

(2) PF produces GM 
crops and G decides on 

marketing 

(3) PRO produces GM 
crops and G decides on 

marketing 
1a 

(monitoring 
by PF) 

1b 
(monitoring 

by PRB) 

2a 
(monitoring 

and 
assessment 

by PF) 

2b 
(monitoring 

and 
assessment 
by PRB) 

3a 
(monitoring 

and 
assessment 
by PRO) 

3b 
(monitoring 

and 
assessment 
by PRB) 

1. Cooperative 
adaptation 

Information 
to G/PRB 

+ + + + + + + + 

U&I 
assessment 

+ + + + + + + + + + + + + + + + 

Marketing 
decision 

+ + + Irrelevant Irrelevant Irrelevant Irrelevant 

Monitoring + + + + + + + + + + + + + 

2. Potential for 
communicative 
rationality 

Information 
to the 
public 

+ + + ++  + + + + + + + + + + + 

U&I 
assessment 

+ + + + + + + + + + + + + + + 

Marketing 
decision 

+ + + + + + + + + + + + + + + + + 

Monitoring + + + + + + + + + + + 

Notes: + ranks the governance regimes on an ordinal scale for each criterion. The more +, the more likely it 
is that this governance regime will be strong on this criterion. Rankings should not be compared across 
criteria. 
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GR3b is likely to be the governance regime that handles U&I most adequately. 

U&I assessment and monitoring by a public regulatory body and marketing decisions by 

the government will provide possibilities for cooperative adaptation and communicative 

rationality. Public research organizations will probably provide most of the information 

that is needed by the public regulatory body and the government. The governance 

regimes that will probably be second best in the handling of U&I are GR3a and GR2b. 

The public research organization (GR3a) will probably be imperfect in cooperative 

adaptation and somewhat weaker in possibilities for communicative rationality than the 

public regulatory body. Private production of GM crops (GR2b) implies possibilities for 

strategic use of asymmetric information and therefore reduced possibilities for 

communicative rationality in the U&I assessment, the marketing decision and the 

monitoring. GR2a and GR1b will probably be third best in adequate handling of U&I. 

Both will be stronger in cooperative adaptation than GR1a because the firms might 

experience the government not approving their products (for GR2a) or being made liable 

for harm (for GR1b). An advantage of GR2a compared with GR1b is that it provides 

greater possibility for preventing harm because the government will decide which GM 

crops should be marketed. A disadvantage of GR2, however, might be that it shifts much 

of the responsibility for unexpected hazards arising from these products onto the state 

(Dahlström et al., 2003). GR1a will probably be the governance regime that handles U&I 

least adequately. This regime will be weak in cooperative adaptation and communicative 

rationality because monitoring by the firm makes it less likely that it will expect to be 

made liable for harm that might occur. Integrating the civil society into the decision-

making process could be important for fostering communicative rationality. 

Our analysis is based on ideal types of state, market and civil society. In recent 

decades, however, we have seen a blurring of society’s stable categorizations (Gibbons, 

1999). University research is more market oriented, private funding of university research 

has become more common, and universities are permitted to retain intellectual property 

rights to publicly funded inventions (Newberg and Dunn, 2002; Shorett et al., 2003). 

Firms are no longer only responsible to private interests, but are increasingly regulated by 

the state and are also increasingly owned by ‘the society’. In the last decade, for example, 

we have seen a substantial increase in corporate social responsibility reports (Wilenius, 
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2005)13

It is also important to be aware that the analysis in this paper assumes that the 

government favors adequate handling of U&I. Governments will, of course, not always 

search for the policy that is most preferable. ‘Internalities’ and private goals (Wolf, 1979) 

might imply that only some parts of the government favor adequate handling of U&I. 

Well-designed systems for exchange may often be more consistent with modern realities 

than are dreams of reasoned discussion (March and Olsen, 1995). Governments that have 

a weak relationship with civil society may have less will to handle U&I adequately (Vatn, 

2005). If governments do not intend to ensure adequate handling of U&I or see no 

importance in it, communicative rationality becomes more important and cooperative 

adaptation (with the will of the government) becomes less important. 

. Finally, governments are increasingly also becoming market actors. States have 

become shareholders, and are involved in bond issues. This type of blurring implies that 

the difference between the governance regimes to the right in Table 2 compared with 

those to the left might be less than in the case of ideal types of actors. It is, however, 

important to be aware that even though the boundaries are blurred, there still “remains a 

fundamental difference between entities aimed at improving human welfare and those 

with a fiduciary responsibility to shareholders” (Stone, 2002, page 616). March and Olsen 

(1995) also emphasize that governance takes place partly by the creation of the identities 

of public officials. By reformulating these identities, it is possible to institute ‘taking 

public office’ as something different from ‘taking private office’. 

Finally, it is important to be aware that the three governance regimes vary 

concerning the distribution of costs and benefits. GR2b, for example, implies that public 

money is used for assessing and monitoring GM crops. A fairer solution might be that 

some tax revenue is created for firms, destined to the assessment and monitoring of GM 

crops. GR3 can be unfair if public money is used for developing GM crops, public money 

is used for assessing them, and then those crops bring benefits to private firms. An 

important issue, which requires further research, is therefore how GM crops developed by 

                                                 
13 Wilenius (2005) does however emphasize that only a small minority of the business world really have 
sustainability in their core values, and even fewer are those companies that really put their values and 
principles into action. Clapp (2008) emphasizes that in the case of illegal GM crop release, corporate social 
responsibility has proven extremely weak. 
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public research can be distributed to the private sector. A possible solution might be that 

they are sold through some kind of auction system. 

 

4.2 Other important issues when designing governance regimes for GM crops 

Several issues other than avoiding the uncertain and unknown effects of GM crops are 

important when designing institutions for deciding which GM crops should be used. A 

wider focus, such as providing the society with adequate means of guiding GM crop 

development in directions desirable for the society as a whole, is necessary. An obvious 

issue that should be included is whether the GM crop will cause known harm. The public 

has, however, also been concerned about several other aspects related to GM crops, such 

as the dominance of multinational corporations, the ownership of the technology and how 

the use of GM crops might affect agriculture, and many do not see any real social benefits 

from this technology (Marris et al., 2001). Institutions for GM crops should allow the 

assessment of such issues, and enable evaluation of whether this technology will 

contribute to a preferable society and whether this technology is the best solution to the 

targeted problems (Helland, 2009). Including considerations for social benefits of GM 

crops, identifying what values and interests are served and determining whether the 

production and use will take place in an ethical and socially justifiable way might be 

important. It might, for example, be more reasonable to accept the possibility of 

unexpected harm if the GM crop has the potential to create important societal benefits 

than if this is not the case. It is important that institutions for decision making on the use 

of GM crops enable a balancing of the trade-off between preventing uncertain and 

unknown effects and stimulating investment in socially valuable activities that, for 

example, could be important for employment (Feess et al., 2009). An example might be 

that the 30-year limit to liability that is established in the EU might be a reasonable 

balance between establishing preventive measures and promoting socially valuable 

activities. 

Enabling overall societal assessments requires that the regulation that is 

established allows such assessments. Methods that could be used include cost–benefit 

analysis, multicriteria analysis, and less structured methods such as consensus 

conferences and citizen juries. 
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5 Conclusion 

Our paper provides insights into how the choice of governance regimes for GM crops 

might influence our ability to handle the uncertain and unknown environmental harmful 

effects of GM crops. To secure adequate handling of U&I, it is important that the 

governance regime provides possibilities for preventing harm. A procedure for 

identifying U&I, reducing U&I (if possible) and making sound decisions on irreducible 

U&I prior to the environmental release of GM crops is needed. If a GM crop is released 

into the environment, it is important that early warnings are made possible by procedures 

for monitoring unexpected effects. However, the nature of U&I implies that these 

procedures will be highly incomplete and will provide possibilities for the strategic use of 

asymmetric information and strategic interpretation of regulatory ambiguities. 

Governance mechanisms that facilitate cooperative adaptation and communicative 

rationality are therefore proposed. 

The governance regimes that are compared in this paper in relation to their ability 

to handle U&I are as follows. 

1. GM crops are produced by private firms and these firms are made liable for harm. 

A monitoring regulation is established that requires monitoring by the firm 

(GR1a) or monitoring by a public regulatory body (GR1b). 

2. GM crops are produced by private firms and the government decides whether the 

crop should be marketed. An assessment and monitoring regulation is established 

that requires assessment and monitoring by the firm (GR2a) or assessment and 

monitoring by a public regulatory body (GR2b). 

3. GM crops are produced by public research organizations and the government 

decides whether the crop should be marketed. An assessment and monitoring 

regulation is established that requires assessment and monitoring by the public 

research organization (GR3a) or assessment and monitoring by a public 

regulatory body (GR3b). 

It is likely that GR3b will handle U&I most adequately, followed by GR3a or 

GR2b; next are GR2a or GR1b, and finally GR1a. Firms are mainly responsible to private 

interests, whereas public research organizations have a duty to the state and the general 

public. Public research organizations therefore have fewer conflicts of interest with the 
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regulatory body and the government than private firms, and will be stronger in 

cooperative adaptation than private firms. The importance of academic norms in public 

research organizations versus the importance of commercial norms in firms also implies 

that public research organizations will be stronger in communicative rationality than 

private firms. Difficulties in proving harm and identifying the responsible firm will make 

liability regimes weak in cooperative adaptation and communicative rationality. 

Assessment and monitoring of U&I by a public regulatory body and marketing decision 

making by the government will reduce the possibilities of a lack of cooperative 

adaptation and provide stronger possibilities for communicative rationality compared 

with assessment, marketing decision making and monitoring by firms or public research 

organizations. 

To ensure that GR3 will facilitate adequate handling of U&I, it is important that 

communicative rationality is fostered in the government, the public regulatory body and 

the public research organizations. Reversing the commercialization of public research and 

including civil society in the public decision-making process are important in that respect. 
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