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This book is about emerging transformative technologies. Emerging tech-
nologies can be described in several ways. These are technologies in the 
developmental stage of production, perhaps not yet fully exploited by 
fi rms, or in the early stages of commercialization. For a number of these, 
basic research may still be taking place, and the projections of potential 
applications remain just that – projected aspirations and hopes. The term 
emerging technologies has been used to describe information and com-
munication technologies (perhaps three decades ago), and more recently, 
biotechnology, genomics, and nanotechnology.
 These emerging technologies are also called “strategic” technologies – so 
labelled because national investments and aspirations ride on them. They 
are also strategic in the sense that they involve forward thinking and plan-
ning. Numerous countries identify technologies they consider strategic to 
their national interests and global competitiveness, build national systems 
of innovation and develop strategic plans around them, develop policy 
approaches, and fi nance a variety of activities, from research and develop-
ment initiatives to human resource activities.
 Finally, they are revolutionary or transformative. We do not use this word 
lightly. A technology is “revolutionary” when it has the capacity to change 
a wide range of sectors. These transformative technologies involve shifts in 
traditional relationships, can be socially disruptive as much as they can bring 
about greater cohesiveness, and can bring about new institutional rules and 
arrangements. Think about the taken-for-granted things the automobile has 
spawned, for example, as described in a journalist’s feature on automobiles:

drive-through restaurants, drive-by shootings, drive-up banks, gas sta-
tions, suburbs, motels, back-seat boogies, body shops, paved roads, park-
ing lots, traffi c cops, truck stops, decent factory wages, smooth-talking car 
dealers, highway deaths, gridlock, pollution, “are-we-there-yet?” family 
vacations. (USA Today 1996) 

Introduction: Making Sense of 
Emerging Technologies
Edna F. Einsiedel
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 4 Einsiedel

 Emerging technologies are projected to have broad-ranging impacts on 
many areas of life. Biotechnology, for instance, has had, and continues 
to have, impacts on what we eat and how our food is produced, how we 
view and how we treat disease, how we clean up the environment, even 
how we carry out justice in our judicial systems with DNA evidence. This 
wide-ranging set of implications and the nature of impacts contribute to 
making a technology revolutionary. 
 When we look back to the histories of various technologies now embed-
ded in society – from vaccines to computers, from electricity to enhanced 
foods – we see historical trajectories that have led to life and societal chan-
ges, from reduced mortality to revolutionized working conditions. These 
histories also remind us that, once upon a time, these technologies may 
not always have been greeted with excitement and anticipation.
 What is interesting about the introduction of new – and particularly revo-
lutionary – technologies today is the extent of societal attention accorded 
to them. This is because of the ubiquity of information sources; the desire 
of governments to make a given technology “happen” (thus creating the 
conditions for such a happening to occur); the savvy of social groups in 
society as they try to raise the alarm bells about the potential negative 
impacts or, alternatively, to push through the development trajectory at a 
more rapid pace; or the greater attentiveness of the average citizen.
 Such attentiveness may develop from experiences with older technolo-
gies, when controversies surrounded their introduction, led to their demise, 
or brought about a redesign more in keeping with public and stakeholder 
demands or interests. This attention can also be aroused by the media, 
whose attention span is only as short as the next big controversy but whose 
multichannel ubiquity can continue to pique public interest. 
 In this book, we have chosen to investigate technologies that are in pre-
commercialization or early commercialization stages. These include nano-
technologies, pharmacogenomics, molecular farming, stem cell research, 
and newer biotechnology applications – technologies or their applications 
that all have connections to the life sciences. Nanotechnology, of course, 
embraces a range of applications that connect with the life sciences but 
also goes beyond. We include it here as another example of “the next big 
thing.” In this respect, the choices for our focus are somewhat arbitrary. 
On the other hand, as I pointed out earlier, these are “revolutionary” and 
strategic technologies. Nanotechnology, still in its technological infancy, 
is similarly expected to have impacts on the types of materials we use and 
how they are applied, how we diagnose and treat disease, how we produce 
energy, or how we communicate. It is already identifi ed as key to national 
innovation interests for many industrialized countries.
 Perhaps because of the potential impacts of these technologies, they have 
been taken notice of much earlier in the innovation process. In addition to 
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 Introduction 5

the scientifi c community, publics and policy makers are in on the conver-
sations and debates early in their developmental trajectories. “Everyone” 
includes the scientists working away on various aspects of the technology, 
the institutions these scientists belong to, the potential and actual venture 
capitalists ready to jump on the next big (or small) thing, the media who 
are alerted by early exciting prognostications, other stakeholders who see 
the potential benefi ts and the potential risks, and the publics who have 
become earlier voyeurs, watching the various aspects of the technology as 
these are being rolled out in fi ts and starts, or as claims and counterclaims 
are being made about them in public arenas.
 In this book, we focus on a number of actors in the landscape of emer-
ging technologies. The fi rst group includes the various publics who are 
going to be eventual users, who currently bankroll some of the research 
through their tax dollars, who sometimes make decisions in the political 
sphere through the ballot box or through their choice of political decision 
makers, or who may bear a greater burden of risks or may have a larger 
stake in the promised benefi ts than others.
 The way publics have been viewed has changed over time. Perhaps the 
earliest way of envisioning “the public” involved a unidimensional view 
of a monolithic public, subject to the vagaries of information disseminated 
from the so-called experts. This simplistic view has changed signifi cantly, 
with publics (plural emphasis) engaged or inattentive at various times, 
occupying different roles at different times – citizen, consumer, patient, 
environmentalist – being naive or displaying expertise, becoming active or 
noncommittal depending on context and circumstance. One important 
contextual difference has been identifi ed in terms of the confl uence of 
geography and culture, evident in transnational differences on the recep-
tion of biotechnology applications (Gaskell et al. 2001; Hallman et al. 
2004). 
 What we have also learned is that other actors’ views of publics are also 
changing. While others have talked about publics as “a second hurdle” 
(Von Wartburg and Liew 1999, 34) after regulatory development, the 
increasing prominence given to publics today, if one is to go by public 
policy pronouncements, is less in terms of hurdle and more in terms of 
“participant” in the technology development process.
 Policy makers constitute another set of important actors in the public 
arena. These decision makers do not make decisions in a vacuum; rather, 
they engage with other stakeholder groups, interact with their counter-
parts in the global arena, and attend to or play active roles in international 
policy initiatives.
 We also focus on processes. Some of these are common across tech-
nologies. How do regulations and policies come about? Who gets con-
sulted? What factors were considered for particular policy stances and 
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 6 Einsiedel

why? What challenges have been faced and are ongoing in regulatory 
development?
 In examining each group of technologies, we suggest that a technology 
becomes emergent when it assumes its form in the public sphere – when 
others not necessarily involved in the technology’s direct development 
are able to examine its gestation, often through the media or through the 
activities of various actors. What used to be an inside look that few were 
privy to is now occurring on an open stage. This happens partly because 
scientifi c institutions (such as the leading journals or academic institu-
tions) are linked even more directly to popular channels, because scientists 
have become more strategic in their use of these popular channels, because 
the media are constantly on the lookout for stories that whet the public 
imagination, because “life-enhancing” stories are continuing fodder for 
the public imaginations, and because values of particular groups stoke an 
oppositional interest.
 Given this context, the appearance of new technologies in the public 
arena is occurring much earlier in the innovation trajectory, many becom-
ing a fi xture in the public landscape even as early as the stage of technology 
design. In some ways, this may be occurring from the benefi t of hindsight. 
That is, when we look back to the experience of older technologies – nuclear 
power and GM food are particular examples – we see that discussions of 
these technologies occurred at the commercialization stage when it was 
“too late.” Those engaged in nanotechnology design see this as a key lesson 
to be learned (see, e.g., Royal Society and Royal Academy of Engineering 
2004).
 The currency of these public conversations is hope – but hope is mean-
ingful only in the context of fears; risks are meaningful only in the face 
of uncertainties. And so, the studies and commentaries presented in this 
book are early explorations of what these emerging technologies look like 
from the vantage point of representations among publics and stakehold-
ers, discursive activities in legislative rooms, informal and formal delibera-
tions among citizens or policy makers. These are early impressions in some 
instances, longer term and more developed views in others. We expect 
these pictures – snapshots at this point in time – to similarly evolve with 
the technologies’ evolution. How these different interactions develop over 
time remains to be seen.
 We use the themes of hindsight and foresight for examining these emer-
ging technologies. There are lessons to be learned from the experience of 
earlier biotechnologies and, indeed, the experience with GM foods has 
become the seminal case for emergent technologies. 
 We also put forward our base assumption – that technology is both social 
and technical – and this assumption is embedded in how we look at the 
innovation processes behind these emergent technologies. This approach 
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argues that an understanding of innovation and particularly the question 
of how a technology is accepted or rejected is a social – as well as a technical – 

one. If a technology fl ounders, fails, or succeeds, what criteria or factors help 
to explain this and why, who defi nes these criteria, who are excluded?
 Part 1 provides hindsight perspectives, looking at what we know about 
publics and agricultural biotechnology and issues around ownership of 
knowledge. Who owns what under what conditions remains a highly con-
tentious issue. This is particularly so since the US Supreme Court ruled 
in 1970 that living organisms were patentable. Ever since this ruling, the 
trajectory of intellectual property processes has followed a contentious 
path: What weight should be given to social-ethical concerns in relation 
to determining patentability, and how should these concerns be accom-
modated, if they should be at all? What limits should be placed on patent 
holders’ rights? For example, should farmers who use patented seeds be 
allowed to save and reuse those seeds? How should issues around trad-
itional knowledge – which is shared – be addressed, particularly in the con-
text of companies utilizing elements of such knowledge?
 By using intellectual property questions and specifi cally those about 
patents as a lens, we examine how publics assess one aspect of technology 
innovation. Chapter 3 summarizes what we have learned from various 
studies on publics and patents, the metrics used, and the trade-offs made. 
 From agricultural biotechnology we move in Part 2 to the hybrid bio-
technologies – the transgenics that bridge the worlds of agriculture and 
medicine. These include transgenic plants modifi ed to produce drugs and 
vaccines, and transgenic animals that are modifi ed for a similar variety of 
purposes, such as food and pharmaceutical production.
 The questions raised about these technologies are a similar mix of pub-
lic reaction and concern and debates about economic risks and benefi ts, 
environmental challenges, and safety issues, not to mention the inchoate 
concerns raised by some stakeholder groups that may range from revulsion 
to fear to anxiety. Questions about regulatory effi cacy and trust in those at 
the technology’s helm are often bound up with public views. At the same 
time, the challenges of appropriate and effective policy and regulation 
have remained with us.
 Moving to the world of medicine and health, issues around cells, tissues, 
and organs are blended in with questions that resonate with those raised 
around knowledge: whose cells and tissues, derived from what source, for 
what purpose, and with what impacts? In the case of stem cells, the issue 
of origin has never been more contentious and has had important impacts 
on policy positions. By what values are these decisions made? Human dig-
nity has been a frequent watchword in debates involving the body but, in 
Chapter 9, on stem cells, this taken-for-granted concept is interrogated and 
challenged.
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 8 Einsiedel

 Pharmacogenomics – the study of the genetic basis of differential drug 
reactions – offers a window into a world opened up by the mapping of the 
human genome. The lens gets focused even more tightly on groups and 
subgroups bound by similarities of “race” or ethnicity. Here, questions 
are raised about basic biological dogma of genes as major determinants 
of health. This basic dogma gets murky in the arena of risks as defi ned 
by individual and group responses to drugs. The double-edged sword of 
differential drug responses is nowhere better illustrated than the fi rst 
pharmacogenomic drug on the market, BiDil, a heart drug said to be more 
effi cacious for African Americans. How are expectations framed around 
this drug during its early discussions in the regulatory arena? A further 
procedural and substantive question can be raised around informed 
consent, with much pharmacogenomic research resting on tissue banks. 
What challenges are confronted with consent processes based on individ-
ual autonomy when genetic information implicates other members of the 
family? 
 Finally, in Chapters 13 and 14 we look further into the future with 
nanotechnology, with its forerunner applications already making their 
appearance in the market (wrinkle-free pants, anyone? Or deep-cleansing 
nanomolecules in your face cream?). Like biotechnology, nanotechnology 
is a bridging technology, an enabler for a variety of older approaches. It 
offers a bridge between the life and material sciences. The publics of nano-
technology are as much a product of our researcher imaginations as they 
are products of identifi able individuals or organized groups whose activ-
ities are highlighted in the media; the stakeholders for this technological 
realm are actors that have appeared in plays from other technological pasts 
(ETC 2004; Einsiedel and McMullen 2004).
 Ultimately, the questions we ask are, what kind of world do we prefer to 
have, and how do we get to this point? Who decides, and how? This is the 
governance question. In Part 3, we refl ect on the complexities of policy 
development and ownership of knowledge and the question of processes 
of decision making. Again, these are hindsight and foresight questions.
 Many lessons have been learned, quite often by muddling through rather 
than by systematic and planful approaches. For some in the policy com-
munity, the admonition of being safe rather than sorry – by looking before 
making a leap – (formally known in terms of the precautionary principle) 
has become increasingly accommodating of risk-analysis metrics. On the 
other side of the fence, those who have lived by the rule of “sound science” 
and science-based risk assessment have had telling experiences of bump-
ing up against the realities of economics and social values. They similarly 
have had to modulate and accommodate. 
 At the same time, questions about knowledge ownership and control 
have not been as clear-cut and straightforward as patents systems would 
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have us believe. If the innovator enjoys the protection of and benefi ts 
from intellectual property regimes, what responsibilities does he or she 
carry when technology use goes awry? The controversies over StarLink 
corn – approved for animal feed but not for human consumption – found in 
taco shells in the United States, and the ProdiGene case of transgenic corn 
modifi ed for pharmaceutical production and inadvertently found in the 
next round of fi eld crops are important reminders of lingering questions 
on liability and responsibility.
 The book concludes by bringing together the key themes of hindsight 
and foresight from recent and emerging technologies, examining lessons 
across a variety of technologies. These lessons are as much about the pro-
cesses of societal and organizational learning as they are about the lessons 
actually learned.
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Worldwide, billions of dollars have been spent on research and develop-
ment of genetically modifi ed (GM) crops to create new and improved 
sources of food, feed, fi bres, fuels, and pharmaceuticals. Widely touted as 
a transforming technology, agricultural biotechnology was expected to 
change agriculture in ways that would rival the gains made during the 
green revolution. As Shoemaker, Johnson, and Golan (2003, 32) write, 
“Biotechnology is often associated with promise . . . promise to feed the 
world, promise to reduce environmental harm, promise to expand agri-
cultural markets and production possibilities, promise to create products 
that consumers want. Farmers in the United States seem to be sold on these 
promises.”
 Indeed, GM crops have been adopted by farmers at an extraordinary rate 
over the past decade. Since they were introduced in 1996, farmers have 
consistently increased the acreage planted with biotech crops by double-
digit growth rates every year. As a result, the amount of acreage devoted to 
GM crops has increased more than fi fty-fold worldwide in ten years (James 
2005).
 Signifi cantly, consumers in the countries that produce the majority of 
GM crops, including the United States, Argentina, Canada, Brazil, and 
China, seem to have paid little attention to the technology (Gaskell et 
al. 1999; Hebden and Hallman 2005). At the same time, GM food con-
tinues to provoke anxiety among many consumers in other parts of the 
world. Refl ecting perceived consumer sentiment, governments in Europe, 
Japan, South Korea, and parts of Africa have instituted public policies that 
effectively restrict the planting or sale of GM food products. The resulting 
international trade disputes over GM agricultural commodities have 
highlighted complex issues involving the role of science and consumer 
sentiment in establishing policies intended to regulate the creation and 
adoption of new technologies and their products.
 Thus, while GM crops have been widely adopted in some parts of the 

1
GM Foods in Hindsight
William K. Hallman
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 14 Hallman

world, they are deeply held in suspicion in others, belying the initial prom-
ise of GM foods. As such, reactions to the emergence of GM foods may offer 
important lessons applicable to the introduction of other new and poten-
tially controversial technologies. Here then, are some of those lessons.

Awareness of and Familiarity with New Technologies 
Are Often Surprisingly Low
That a new technology becomes controversial does not necessarily mean 
that it has captured the full attention of most people in society. Stories 
about biotechnology and GM foods and the controversies they have engen-
dered have been widely reported in the media for more than two decades. 
So, it is diffi cult to believe that most people know little about the tech-
nology or the issues surrounding it. Yet, a 2005 survey of Canadians and 
Americans conducted by the Canadian Biotechnology Secretariat confi rms 
that most people in North America don’t have a great deal of familiarity 
with biotechnology as a whole. While the majority now say they have 
heard of biotechnology, fewer than 10 percent of Canadians or Americans 
say they are “very familiar” with it. In fact, about as many Canadians (13 
percent) and Americans (9 percent) say they are “not at all familiar” with 
biotechnology as say they are very familiar with it (Walker 2005). 
 Studies conducted in China (Huang et al. 2004) and in South Korea 
(Hallman et al. 2005) show similar results. Few Chinese (10 percent) say 
that they know “a great deal” about biotechnology, while most say that 
they have heard or read “some” (34 percent), “not much” (23 percent), 
or “nothing at all” (33 percent). In South Korea, where the government 
has placed emphasis on becoming a leading developer of biotechnology 
products and where there has been a great deal of media coverage, more 
people indicate that they are familiar with biotechnology. Still, nearly 
two-thirds (63 percent) of South Koreans say that they only heard “some” 
about biotechnology, while 18 percent say that they had heard or read “a 
great deal.” Thirteen percent say that they have heard “not much,” and 6 
percent say that they had heard nothing at all.
 Even in Europe, where the controversy over biotechnology has perhaps 
been most heated, research suggests that most Europeans are not very 
familiar with biotechnology either. When asked whether they had heard 
of each of three applications of biotechnology, on average, the respondents 
reported having heard of only about half (1.79) of them (Gaskell, Allum, 
and Stares 2003).
 Given that most people say that they have not heard or read very much 
about GM foods and that they are not very familiar with them, it is not 
surprising that most Americans and Canadians also say that they have not 
talked very much about them. More than half (53 percent) of Americans and 
41 percent of Canadians say that they have never had a conversation about 
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GM foods (CBS 2005; Hallman 2005). Similar results have been found in 
the United Kingdom, Greece, Portugal, Spain, and Belgium, though people 
in the United States and Canada are considerably less likely to have talked 
about GM foods than their counterparts in Europe as a whole and sub-
stantially less likely than those in Germany and Denmark, where reported 
discussion is at its highest (Gaskell, Allum, and Stares 2003).
 The fact that most people in North America do not seem to be actively 
discussing GM food suggests that one should not assume that controversy 
over a technology will necessarily create a place for it on the national 
agenda, nor will it lead to consumer knowledge, understanding, or atten-
tiveness. As Hallman and Metcalfe concluded in 1994, “While the battle 
over biotechnology has raged between experts, most of the shots have 
passed over the heads of the non-combatants” (36).

News Coverage about a Technology Does Not Necessarily Make 
a Lasting Impression on People
Many of the controversies about biotechnology have been particularly 
centred on genetically modifi ed food. As a result, hundreds of news stories 
have appeared in newspapers, on television, and on the internet about 
agricultural biotechnology since the early 1990s (Nisbet and Lewenstein 
2002; Ten Eyck and Williment 2003; Thompson and Dininni 2005). Yet, 
when asked how familiar they are with GM food, less than a sixth of 
Canadians and Americans say they are “very familiar.” More than half of 
Americans (54 percent) and Canadians (56 percent) report that they are 
only “somewhat familiar,” and a third of both Canadians and Americans 
say that they are either “not very familiar” or “not at all familiar” with GM 
foods (Walker 2005).
 In the Canadian Biotechnology Secretariat’s study, Canadians and 
Americans were asked if they had read, seen, or heard “a lot,” “a little,” or 
“nothing” about issues surrounding GM foods within the three months 
prior to being interviewed, in January 2005. Consistent with their answers 
concerning their familiarity with GM foods, more than half of the 
Canadians (56 percent) and Americans (52 percent) reported that they had 
heard only “a little” about GM food issues. Moreover, more than one-third 
of the Americans (39 percent) and 29 percent of the Canadians responded 
that they had heard “nothing” about GM food issues (CBS 2005). In fact, 
when Americans were asked if they could remember events or news stories 
related to GM foods, fewer than one in fi ve could recall any (Hallman et al. 
2004). 

Many New Technologies Are Invisible
Many important emerging technologies, especially those targeted at the 
genetic, cellular, or nano scale, are literally invisible to people. They work 
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at a level that cannot be seen and, because of this, their mechanisms are 
often misunderstood. 
 These technologies are often fi guratively invisible as well. Unless it offers 
a specifi c consumer benefi t or some other advantage that can be advertised, 
it is unlikely that a particular technology will be purposely promoted as 
part of a product. Thus, consumers may often purchase products brought 
about through scientifi c breakthroughs about which they have heard or 
read little and which they do not fundamentally understand. For example, 
one of the fundamental problems with public understanding of GM tech-
nology is that although the morphological and functional consequences 
of genetic modifi cation are sometimes apparent, current GM crops are 
largely indistinguishable from their conventionally bred counterparts. 
They look, smell, and taste the same as non-GM foods. As such, without 
special labels, it is generally not possible for people to readily identify even 
whole grains, fruits, or vegetables that have been genetically modifi ed and 
virtually impossible for people to recognize processed foods that contain 
GM ingredients. This helps to explain why, despite the ubiquity of GM 
ingredients in the food system, national surveys show that most Americans 
are generally unaware of the presence of GM foods on their own plates 
(Hallman et al. 2002; Hallman et al. 2003; Hallman et al. 2004). Fewer 
than half of Americans realize that foods containing GM ingredients are 
available in supermarkets (Hallman et al. 2004) and fewer than one in 
four believes they have consumed GM foods (Pew Initiative on Food and 
Biotechnology 2005). Moreover, many of those who do believe that GM 
foods are sold in supermarkets are confused about which GM products 
are actually for sale. While three-quarters of those who believe that GM 
foods are available in supermarkets say that products containing GM corn 
are for sale, and 65 percent correctly believe that products containing GM 
soybeans can be purchased, many more apparently are convinced that 
they are eating GM tomatoes, GM chicken, and GM rice, none of which 
is available for purchase in the United States (Hallman et al. 2004). For 
other “invisible” emerging technologies, this suggests that it is not pos-
sible to rely on the ubiquity of the technology or its applications to drive 
consumer awareness.

Invisible Technologies May Be Perceived 
as Having Invisible Consequences
That the products of agricultural biotechnology are not implicitly visible 
means that people are often unaware of their exposure to them, and there-
fore unable to assess their potential effects. This can have both positive 
and negative consequences.
 Upon learning that they have been eating GM foods for more than a 
decade, some consumers in North America may decide that because they 
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have been doing so without any apparent adverse consequences, these 
foods are fundamentally safe and so they will continue to eat them. But 
it is also possible that some people will feel that they have been tricked 
into eating GM products without their consent; this may potentially 
lead to a backlash among angry consumers. Moreover, many consum-
ers understand that scientists cannot categorically assure that there will 
be no long-term health consequences of consuming GM ingredients. As 
such, it is possible that some consumers will attribute otherwise medic-
ally unexplainable symptoms, illnesses, or other health problems to their 
unknowing consumption of GM foods. For example, in September 2000, 
after the discovery of the accidental contamination of taco shells and 
other corn products by a variety of GM corn not approved for human 
consumption, at least twenty-eight people reported allergic reactions to 
the US Centers for Disease Control. However, after testing, none of those 
reporting unexplained symptoms was found to have demonstrable allergic 
reactions to the corn (CDC, National Center for Environmental Health 
2001).
 Because many emerging technologies are both literally and fi guratively 
invisible to consumers, and most visits to physicians involve symptoms 
without medical explanations (Kroenke and Mangelsdorff 1989), the 
potential to blame unexplained illnesses or symptom syndromes on the 
effects of invisible technologies seems particularly great. Without credible 
alternative explanations, it may be diffi cult to convince people that these 
technologies may not be ultimately responsible for their problems.

Making Invisible Technologies Visible May Have 
Unintended Consequences
In part, the lack of public awareness of GM foods in the United States 
is likely because they are not required to bear labels that would make 
their GM content apparent. According to a 1992 US Food and Drug 
Administration (FDA) policy, special labels for foods derived from new GM 
plant varieties are required only under several particular circumstances. 
Specifi cally, labels are necessary to notify consumers if the food derived 
from GM plants is no longer generally considered to be equivalent to its 
non-GM counterpart, in which case the food product also needs to have 
a new name. A GM food product also must be labelled if it has a new 
use, if a new nutritional characteristic not customary to the product is 
introduced, or if a known allergen is introduced that is not inherent to 
the product (FDA 1992). Signifi cantly, however, although these regulations 
require that labels be used to alert consumers when the characteristics of 
a familiar food product have been substantially altered through the use 
of GM ingredients, the labels do not need to say that the change was pro-
duced through the process of genetic modifi cation. As a result, there are no 
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current regulations requiring GM foods be identifi ed as such in the United 
States. However, voluntary guidelines drafted by the FDA in 2001 permit 
food manufacturers to voluntarily label their products as containing GM 
ingredients (FDA 2001). Similarly, food manufacturers can label their 
products as containing no GM ingredients if they choose to, as long as the 
label does not state or imply that the product is superior because it does 
not contain such ingredients.
 Canada has adopted a similar voluntary labelling standard, with regula-
tory oversight focusing on a scientifi c assessment of the characteristics and 
associated risks of a GM food product before approval for sale. Like the 
US policy, it is mandatory in Canada for manufacturers to label any novel 
food product where there is a health or safety concern, such as the intro-
duction of a known allergen, or if the composition or nutritional value of 
the food has been substantially changed. Moreover, in Canada, as in the 
United States, it is not mandatory to label any food (including GM food) 
for the process by which it has been developed. As such, under current 
regulations, in Canada a producer is not required to label a product pro-
duced through a process of biotechnology (CBS 2005; Canadian General 
Standards Board 2004).
 This voluntary labelling approach assumes that the technology is gener-
ally safe and that market forces should ultimately determine the fate of GM 
foods. In doing so, the Canadian and US policies attempt to support con-
sumer sovereignty, allowing people to make choices about the foods they 
buy (Thompson 1997), without imposing unnecessary regulatory costs. 
These voluntary labelling policies theoretically give consumers who want 
to avoid GM foods the ability to do so without forcing additional costs on 
the majority who are assumed not to have such a preference, and, based 
solely on scientifi c assessments of the risks of GM foods, should not have 
such a preference (Hallman and Aquino 2005; Moon and Balasubramanian 
2004).
 In contrast, the European Union (EU) has taken a different approach, 
promulgating a law that requires any food product that contains more 
than 0.9 percent genetically modifi ed material to be specially labelled as 
such (Alvarez 2003). Moon and Balasubramanian (2004) argue that this 
EU mandatory labelling policy refl ects two regulatory principles. The fi rst 
permits the separation of scientifi c assessment of risk from the manage-
ment of those risks. This allows EU regulatory agencies to consider import-
ant economic, political, and societal concerns apart from whether the 
technology presents particular health or environmental risks. The second 
is the application of the precautionary principle, which requires ongoing 
scientifi c assessments of the technology to resolve any questions about its 
possible adverse effects on human health or the environment. 
 Like the US and Canadian policies, the EU labelling policy is based on 
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the idea that the cumulative decisions of individual informed consumers 
should ultimately determine whether GM foods survive in the marketplace. 
However, unlike the US and Canadian approaches, the EU policy presumes 
that although no problems have yet been linked with GM food products, 
there are uncertainties that need to be recognized. By requiring labels, the 
EU policy theoretically gives the majority who presumably would prefer to 
avoid GM foods the ability to do so, while passing the additional costs cre-
ated by the mandatory labelling system onto those who want to produce 
or consume GM products.
 The two labelling approaches are based on the idea that they will allow 
informed consumers the ability to make choices in the marketplace that 
will determine the future of the technology. Indeed, the implementation 
of the EU labelling policy theoretically ends a de facto regulatory ban 
on GM food products (Alvarez 2003). Ironically, however, neither policy 
effectively gives consumers the choices they are intended to provide. Food 
processors are reluctant to put GM labelled products in the marketplace 
because they fear that consumers will interpret these labels as warnings 
that the products are of inferior quality or are unsafe. As a result, manu-
facturers are concerned that GM food labels will cause consumers to reject 
any products bearing them (GMA News 2001; Food Safety and Inspection 
Service 2002). Therefore, while most processed foods in the United States 
and Canada are likely to contain at least traces of GM ingredients, major 
North American food manufacturers have decided not to label their prod-
ucts as containing GM ingredients (Hallman and Aquino 2005). In the 
European Union, most supermarkets have chosen not to stock products 
containing GM ingredients on the grounds that many clients would decide 
to shop somewhere else (BBC News 2006).
 So, policy makers face a dilemma. Consumer opinion surveys show that, 
when asked directly, consumers around the world show very high levels 
of support for the labelling of GM food products (Einsiedel 2002). For 
example, when Americans are asked if they want GM food labels, more 
than 90 percent say they do, including 95 percent of those who say that 
they never pay attention to food labels (Hallman et al. 2003). These results 
are consistent with the position of advocates of mandatory labelling, who 
argue that people want to retain the ability to choose between GM and 
conventional food products.
 However, some research also suggests that a declaration of the pres-
ence of GM ingredients on a food label is likely to cause the product to 
be rejected by consumers (Hallman et al. 2003). In a national survey of 
attitudes toward GM foods, more than half (52 percent) of Americans 
said that a GM food label would make them less willing to purchase the 
product. In addition, focus group results reported by Hallman and Aquino 
(2005) suggest that the consumers most familiar with GM food would use 
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the labels to avoid products bearing them and those least familiar would 
very likely see GM food labels as warnings that they should be concerned 
about the contents of the products. These results are consistent with the 
position of those opposing mandatory labelling, who argue that the likely 
effect of GM labels would be to lead consumers to reject foods made with 
GM ingredients, although there is no scientifi c evidence that GM products 
are inferior or unsafe. Widespread rejection of GM products would likely 
cause them to disappear from supermarket shelves, thereby reducing real 
consumer choice.
 The paradox, of course, is that without products on the shelves bearing 
GM labels, it is unlikely that consumers will become much more aware 
of the presence of GM foods than they already are. Yet, until consumers 
become more familiar with the technology, they are likely to reject prod-
ucts associated with it. 

People Often Lack the Scientifi c Background 
to Understand New Technologies
Given that most people say they are not very familiar with GM foods and 
have not heard a great deal about them, it is not surprising that most also 
say they do not know very much about them. When asked how much 
they know about GM foods, most Americans say they know “very little” 
(48 percent) or “nothing at all” (16 percent). Far fewer say that they know 
“some” (30 percent) or “a great deal” (5 percent) (Hallman et al. 2005). 
 That most Americans know little about biotechnology and GM foods 
is also borne out by studies of factual knowledge about genetics and bio-
technology (Hallman et al. 2003; Cuite, Aquino, and Hallman 2005). To 
assess respondents’ actual knowledge of science and genetic modifi ca-
tion, they were quizzed using a set of eleven true-or-false questions based 
on those originally developed for use in the Eurobarometer surveys of 
European attitudes toward GM foods (Gaskell, Allum, and Stares 2003). 
More than half of the respondents (52 percent) received a failing grade of 
less than 70 percent correct and only 4 percent of the sample answered 
all the quiz questions correctly. There was only a moderate relationship 
between what Americans think they know about science and objective 
measures of their actual knowledge. The correlation between self-assessed 
knowledge of science and technology and quiz scores was 0.38. The cor-
relation between self-assessed knowledge of genetic modifi cation and the 
quiz scores was 0.35.
 This lack of correlation between what people think they know about 
the science of genetics and biotechnology and what they actually know 
is important in understanding how people may approach learning about 
emerging technologies. Those who overestimate what they know about 
science and technology are unlikely to recognize the gaps they have in 
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their knowledge about biotechnology and so are unlikely to seek infor-
mation to fi ll in those gaps. In contrast, those who underestimate their 
knowledge are unlikely to recognize that the basics of biotechnology are 
not as diffi cult to understand as they may assume. In both cases, because 
of a lack of understanding of what they already know or do not know 
about a technology, people may not be particularly motivated to try to 
learn more about it.

Knowing More about a Technology Is Not Necessarily Related 
to Public Acceptance
The idea that knowing more about the science behind a specifi c technol-
ogy will lead to greater approval of that technology is relatively common 
throughout the scientifi c literature. Indeed, some studies have found a 
positive relationship between increased knowledge and approval of the 
application of science (Evans and Durant 1995; Hayes and Tariq 2000; 
Gaskell et al. 2002; Allum, Boy, and Bauer 2003; Sturgis and Allum 2004). 
However, the fi ndings are not entirely consistent, with other studies fi nd-
ing no relationships between knowledge and acceptance (Pfi ster, Bohm, 
and Jungermann 2000) or curvilinear relationships between the two 
(Jallinoja and Aro 2000; Peters 2000).
 Some studies have also shown both positive and negative relationships 
between knowledge and approval, and that some types of knowledge may 
be more infl uential than others. Gaskell et al. (1999) compared American 
and European data to examine the relationship between knowledge and 
acceptance of GM foods. They found that Europeans had higher scores than 
Americans on an objective true/false test of textbook knowledge related to 
the science behind genetic modifi cation, but they were less approving of 
GM foods when compared with the American sample. This suggested a 
negative relationship between scientifi c knowledge and approval. However, 
the researchers examined three additional knowledge items focusing on 
beliefs in fi ctional threatening images related to GM foods, such as “GM 
animals are always larger than non-GM animals.” The American respond-
ents were more likely than their European counterparts to recognize that 
these images are false and thus scored higher on this scale of knowledge, 
suggesting a positive relationship between knowledge and approval of 
GM foods. The clear implication is that the link between knowledge and 
approval of new technologies has as much to do with the kind of know-
ledge as the amount of knowledge understood by individuals.
 In addition, the strength of the relationship between knowledge and 
approval of new technologies is often modest. In a study of the relation-
ship between knowledge and approval of GM foods using items identi-
cal to those used by Gaskell et al. (1999), Cuite, Aquino, and Hallman 
(2005) found that although increased knowledge was signifi cantly related 
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to higher levels of approval, the relationship between the two was weak. 
Together, a model including several measures of knowledge, including 
their scores on textbook knowledge about the basics of genetics and bio-
technology, awareness of GM foods in the marketplace, and self-assessed 
knowledge, plus demographic variables, explained only 8 percent of the 
variance in approval ratings. This suggests that while knowledge appears 
to be related to approval, the practical signifi cance of this relationship is 
open to question and may not be as important a factor in infl uencing 
opinions about GM foods as it is often assumed to be.

People Cannot Simply Be “Educated” into Accepting New Technologies
Unfortunately, many efforts to gain public acceptance of new technologies 
are based on the faulty premise that if people understood more about the 
science behind a technology, they would come to understand and share 
the viewpoints and conclusions about the technology reached by the 
experts. This knowledge defi cit model (Wynne and Irwin 1996; Einsiedel 
2000; Hansen et al. 2003) assumes that if people just knew the facts, they 
would reach the right conclusions or make the right decisions.
 It is easy to understand why the knowledge defi cit model holds such 
an appeal for scientifi c and technical experts – the model takes for granted 
that people fundamentally approach the world just like experts; it’s just 
that lay people are not as intelligent, educated, or well informed. It also 
presumes that the conclusions reached by experts are consistently correct 
and that those of non-experts are fundamentally wrong because lay people 
do not have the required scientifi c knowledge, technical experience, or 
understanding of the issues to make proper decisions. But, the model 
assumes, given the requisite knowledge, experience, and understanding, 
lay people can develop the expertise they need to “correctly” evaluate 
technologies and reach the “right” conclusions; that is, the same conclu-
sions already reached by the experts. Therefore, the solution to public 
acceptance of new technologies is to “educate” lay people to fi ll in the gaps 
in their knowledge and to lead them to adopt the “informed” views of the 
experts.
 Unfortunately, research clearly shows that people are more complex crea-
tures and that merely providing information rarely changes their attitudes 
or behaviours (Weinstein 1988). This should come as little surprise, as the 
ineffectiveness of this approach is regularly confi rmed in our everyday 
experience. If “simply providing the facts” were really effective in persuad-
ing people to adopt a particular point of view about technologies or to 
change their behaviours toward them, people would wear seat belts in their 
cars, install carbon monoxide detectors in their homes, and avoid trans 
fats in their diets. Moreover, if this strategy of “informing people” were 
successful, people would all drive the same kinds of cars, use the same kind 
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of mouthwash, and wear the same brand of athletic shoes. But, clearly, 
this kind of universal consensus does not exist. If it did, there would be no 
need for advertising, politics, self-help books, or late-night televangelists. 
There would also be no reason to read this book.
 Yet, although people are very rarely swayed by mere presentation of 
scientifi c facts, experts continue to labour under the illusion that such 
efforts must be effective. The problem, of course, is that although people 
do use scientifi c information in their decisions about the risks and benefi ts 
of technologies, it is not the only information they use when considering 
a risk. So, although scientifi c knowledge does seem to have an impact on 
attitudes about new technologies, the relationship is often modest, and 
non-linear (Sturgis and Allum 2004). 
 There are likely several reasons for this. Because most people do not have 
extensive backgrounds in scientifi c disciplines, some scholars suggest that 
the infl uence of scientifi c knowledge on attitudes may be directly related 
to the extent to which scientifi c information is seen as consistent with 
personal experience (Jasanoff 2000) and with the specifi c worldviews, core 
beliefs, or values held by individuals (Slovic and Peters 1998). 
 The impacts of scientifi c information may also be moderated or con-
textualized by other types of knowledge that may include an understand-
ing of how scientifi c expertise is developed and how science is organized, 
fi nanced, and controlled. Each can have an effect on trust in the “truths” 
developed by science (Wynne 1992). 
 Finally, people may have concerns about a technology that go beyond 
those typically addressed by science (Hansen et al. 2003). How scientifi c 
information is incorporated into how people think about the risks and 
benefi ts of a new technology can be strongly infl uenced by cultural norms 
and assumptions about what is good, pure, and useful (Douglas and 
Wildavsky 1982). As such, as Peters (2000) suggests, there are various rea-
sons people may lack faith in, disagree with, or fail to follow the science-
based recommendations made by experts that have little to do with a lack 
of understanding of the science. Indeed, outside the areas of their own 
expertise, even experts use sources of information other than science to 
make decisions. 
 Still, this does not mean that we should abandon efforts to help people 
understand the science behind new technologies. At the same time, how-
ever, we should discard the idea that it is possible to “educate” people into 
accepting them. 

People Are More Interested in What Technology Can Do 
Than in How It Works
We do need to explain some of the science behind new technologies, 
because such an understanding may ultimately be necessary for people to 
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separate fact from fi ction as proponents and opponents of the technologies 
attempt to persuade the public to adopt their positions. The problem is 
that communications about new technologies are often based on an expert 
model of what people need to know rather than on what people want to 
know. Often, this strategy begins with having a group of experts assess 
the facts they believe non-experts need to know to understand the science 
behind the technology. The second step is usually an attempt to translate 
these scientifi c facts into simple language and graphics so that non-experts 
can easily understand them. The last step is usually to create a set of com-
munications materials to be distributed to as many people as possible.
 Unfortunately, communication strategies based on an expert model 
are usually unsuccessful. One reason is that experts tend to overestimate 
what ordinary people know about science. In the case of communica-
tions about GM foods, many educational efforts assume that lay people 
have a level of understanding of basic biology that is not generally borne 
out by surveys of the public (Hallman et al. 2002). (For example, in a 
national survey of 1,203 Americans, half of those interviewed said they 
had never heard about traditional crossbreeding methods, even when 
those methods were described to them in simple terms. In addition, 
despite virtually all the varieties of fruits and vegetables available hav-
ing resulted from centuries of traditional crossbreeding, 61 percent of 
respondents said they had never eaten a fruit or vegetable produced 
using traditional crossbreeding methods; another 11 percent indicated 
that they were not sure.) Efforts designed to convince people that genetic 
modifi cation techniques are simply a faster, more versatile, and more 
precise way of achieving the aims of traditional crossbreeding are likely 
to have little impact. The lesson is that some efforts to teach people 
about new technologies are not successful simply because many people 
are not able to put the new information into any meaningful context. 
These efforts fail because they try to build on a foundation that just does 
not exist.
 Some efforts to educate people about new technologies fail because the 
experts who design them discover that many people lack the necessary 
foundation to understand the complex scientifi c ideas and information 
the experts want to get across. The experts therefore attempt to remediate 
the situation by insisting on efforts to build such a foundation for their 
audiences, block by boring block. These attempts fail because, while lay 
people say they are interested in science, what they are often more inter-
ested in is the excitement of new discoveries and their potential impacts, 
rather than in learning about the rather tedious details of the science (Harp 
and Mayer 1997, 1998). 
 For example, in a national survey, Hallman et al. (2004) asked respond-
ents to “imagine that we designed a television show especially for you on 
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the topic of genetically modifi ed foods.” They were then asked to rate their 
interest in each of thirteen shows using a scale of one to ten where one 
represented “not at all interested” and ten represented “extremely inter-
ested.” Most respondents expressed interest in all the topics presented, giv-
ing each median ratings of eight or better on the ten-point scale. However, 
they indicated the greatest interest (median ratings of ten) in the two 
stories related to the potential health consequences of the technology: 
“the potential dangers of eating GM food on personal and family health” 
and “whether anyone has ever gotten sick from GM foods.” They showed 
somewhat less interest in stories about whether genetic modifi cation would 
have an effect on the cost of food for consumers or on farmers’ costs of 
producing food, the companies involved in the production of GM foods, 
which foods or brands of food specifi cally do not contain GM ingredients, 
and “the science involved in the genetic modifi cation of food products.” 
Each of these hypothetical shows was given a median rating of eight on 
the scale. The results suggest that although Americans are interested in the 
science behind GM foods, it is not necessarily their fi rst interest. Yet, many 
efforts to communicate about GM foods focus predominantly (or exclu-
sively) on how the technology works, rather than on what the technology 
means for people. 

The Risks and Benefi ts of New Technologies Matter
Even though many people have diffi culty understanding the scientifi c 
details of how a technology works, they are often interested in, and better 
able to grasp, the costs, risks, and benefi ts of these technologies. As a result, 
there can be substantial differences in the way people think about new 
technologies in the abstract and the way they think about specifi c applica-
tions of that technology. 
 For example, the technology behind genetic modifi cation is an unfamil-
iar and relatively abstract concept, lacking any real context for most 
Americans. Because they do not understand the technology and do not 
feel particularly qualifi ed to evaluate its risks or merits, people’s fi rst reac-
tions to the technology itself tend to be rather negative. Yet, people are 
often readily able to understand, and contextualize, the specifi c benefi ts of 
products created through the use of GM technology and so respond quite 
positively to the idea of using genetic modifi cation to create products with 
useful characteristics.
 For example, Hallman et al. (2002) found that when asked about GM 
technology in the abstract, only 58 percent of Americans say they approve 
of the use of genetic modifi cation to create new kinds of plants. Yet, 88 
percent say they would approve of the use of genetic modifi cation to create 
rice with enhanced vitamin A to prevent blindness, and 85 percent say 
they would approve of the use of the technology to create more nutritious 

UBCP-Einsiedel-ToPress.indd   25UBCP-Einsiedel-ToPress.indd   25 11/13/2008   8:23:40 PM11/13/2008   8:23:40 PM



 26 Hallman

grain that could feed people in poor countries. Similarly, when asked in 
the abstract, only 28 percent of Americans say they approve of the use of 
genetic modifi cation to create hybrid animals. Nonetheless, 84 percent say 
they would approve of the use of genetic modifi cation to create hormones 
such as insulin to help diabetics, and more than three-quarters of the 
public (76 percent) say they would approve of the use of the technology to 
create sheep whose milk can be used to produce medicines and vaccines.
 However, people’s approval of GM products is not entirely based on 
altruism. They also tend to approve of GM products from which they 
might benefi t personally. Indeed, nearly three-quarters of those surveyed 
(74 percent) said they would also approve of the use of genetic modifi -
cation to create less expensive or better tasting produce, and more than 
three-quarters (76 percent) said they would approve of “genetically modi-
fi ed grass that you don’t have to mow so often.” In fact, many researchers 
have attributed the lack of acceptance of GM foods around the world to the 
lack of perceived personal benefi ts to consumers (Hoban 1998).
 The large difference between the way people think about GM technology 
in the abstract and their perceptions of specifi c products is illustrated by 
Hallman et al. (2003). Early in their national survey, they asked respond-
ents whether they approved or disapproved of the use of GM technology 
to create new plant-based and animal-based food products. Later in the 
survey, the respondents were asked whether they would buy GM food 
products with particular benefi cial characteristics. Matching the answers 
of individual respondents, it was clear that many who initially said they 
disapproved of the use of the technology later said they would purchase 
products of that technology with appealing personal benefi ts. For example, 
of those who initially disapproved of plant-based GM food products, 26 
percent later said they would purchase such products if they had less fat 
and 21 percent said they would if it tasted better than ordinary food. 
 GM foods with environmental benefi ts were also looked on favourably. 
About one-third (31 percent) of those who initially disapproved of creat-
ing plant-based GM food products said they would be willing to buy a 
GM product grown in a more environmentally friendly way than ordinary 
food. Moreover, 44 percent of those who initially disapproved of plant-
based GM products said they would be willing to purchase them if they 
contained less pesticide residues than non-GM food.
 This expressed preference for the use of GM technology to reduce pesti-
cide residues in food is particularly interesting since reductions in the use 
of pesticides is a main benefi t currently conferred by existing GM crops 
(Economic Research Service 2005). However, the reduced use of pesticides 
on crops is an advantage of GM technology that is not marketed specifi c-
ally as a direct benefi t to consumers. Instead, it is advertised as being better 
for the environment and for the farmer’s bottom line.
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Not All Applications of the Technology Are Seen as Equivalent
The large difference between the way people think about GM technol-
ogy in the abstract and their perceptions of specifi c products suggests that 
people may judge the merits of the products of genetic modifi cation on a 
case-by-case basis, considering the characteristics of specifi c products of 
biotechnology rather than categorically deciding that all biotechnology is 
good or bad. Therefore, just because consumers fi nd one GM product to be 
acceptable or even desirable does not mean that they necessarily approve of 
the underlying technology, or of its application to other products. Unlike 
in the information-technology sector, there is almost certainly no “killer 
application” in the foreseeable future that will drive consumer acceptance 
of the basic technology behind GM foods. Therefore, one should be cau-
tious in concluding, for example, that “due to the importance of rice in 
the developing world and the signifi cant part played by the public sector 
in providing new rice crop technology, the drive to apply GM technology 
to rice may well result in faster acceptance of the technology in rice than 
would be the case for other crops. Rice therefore has the potential to act as 
a catalyst to the wider adoption and acceptance of GM crop technology” 
(PG Economics 2002, 1).
 Indeed, most studies of public opinion concerning genetic modifi cation 
confi rm that consumers express a hierarchy of approval. That is, they are 
much more willing to approve of the use of GM technology on plants than 
on animals, more likely to endorse the use of the technology within rather 
than across species, and least supportive of the use of GM to alter humans 
in any way (see Gaskell, Allum, and Stares 2003; Pew Initiative on Food 
and Biotechnology 2004, 2005). Indeed, many people who say they favour 
using genetic engineering to create new varieties of plants do not approve 
of its use to create new breeds of animals. As has been suggested, “people 
see a real difference between using biotechnology to create better beef and 
using it to create better beefsteak tomatoes” (Hallman 1995).

Perceived Motivations Matter
Although people may ultimately be interested in the mechanisms that 
underpin new technologies, many will also admit that because the tech-
nical issues involved are so complex, they have a diffi cult time using 
this information to make judgments about the risks or the safety of the 
technology. They must therefore rely on the conclusions reached by those 
specialists who do have the requisite expertise to evaluate the merits of 
the technology. Because they lack the ability to interpret the technical 
information, it is not surprising that many people have less interest in the 
particular details about the science and technology than in specifi c details 
about the scientists and technicians involved. They want to be able to trust 
that the people behind the technology are using common sense and are 
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making decisions that will appropriately protect the well-being of both 
people and the planet. 
 The question of whether those in the scientifi c community, the food bio-
technology industry, and government regulators can be trusted to protect 
consumers and the environment from unsafe products features promin-
ently in the debate over consumer acceptance or opposition to GM foods 
(Lang and Hallman 2005). Hallman et al. (2002) found that three-quarters 
(74 percent) of Americans believe that strict regulation of GM technology 
and products is needed. Yet, most were skeptical that scientists and the 
companies involved with food biotechnology have suffi cient motivation 
or competence to protect the public from potentially adverse effects that 
might arise from the use of genetic modifi cation (Hallman et al. 2002).

Although People Must Rely on Experts to Evaluate the Science, 
They Still Want to Be Involved in Decision Making
Although most Americans seem to know very little about the science of 
genetic modifi cation, and many who are well informed will concede that 
the issues are so complex that they have a diffi cult time reaching con-
clusions on their own, they are reluctant to relinquish their involvement 
in decisions regarding the technology. For example, only one-quarter of 
Americans agree that “decisions about the issue of genetically modifi ed 
food are so complicated that it is a waste of time to consult the public on 
this subject” (Hallman et al. 2002).
 Gaskell et al. (2005) reported the results of social surveys in the United 
States, Canada, and the European Union, examining who the public thinks 
should make decisions about science policy and on what criteria such deci-
sions should be based. They found that given a choice between having deci-
sions about technology based mainly on the views and advice of experts 
or on the views of average citizens, nearly three-quarters say they would 
prefer that the views of experts guide such decisions. Moreover, when asked 
if these decisions should be made on the basis of scientifi c evidence or on 
the basis of moral or ethical considerations, two-thirds preferred that they 
be guided by scientifi c principles. The responses to these questions permit-
ted the division of the public into four groups refl ecting different preferred 
principles of governance over technology. The results showed considerable 
consistency in the attitudes of respondents across the three jurisdictions. 
About half of the respondents in each country were classifi ed as “scientifi c 
elitists” preferring that decisions about technology be guided by expert 
advice based on scientifi c evidence. In contrast, about one in fi ve were cat-
egorized as “moral elitists” preferring that such decisions be made on the 
basis of expert advice using moral and ethical criteria. Between 10 percent 
and 14 percent were identifi ed as “scientifi c populists” opting for decisions 
based on the average citizen’s views of the scientifi c evidence, and about 15 
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percent were tagged as “moral populists” preferring that decisions be based 
on the average citizen’s views of the moral and ethical issues.
 Thus, while about half the populations of the United States, Canada, 
and Europe appear to endorse the status quo regarding the governance 
of technology (experts making decisions based on scientifi c evidence), 
the other half do not seem particularly content with the current state of 
affairs. Rather than leave such important decisions to be made by unknown 
experts (who may or may not be trustworthy) on the basis of science that 
much of the public does not fully understand, they would prefer that deci-
sions about technology be infl uenced by some combination of moral and 
ethical principles shared by average citizens. 
 What is interesting about this is that it suggests that people make some 
implicit assumptions about the ability or inability of average citizens to 
understand science and the ability or inability of scientifi c experts to 
understand ethics and morality. Yet, while they may question the ability of 
average people to understand science and the ability of scientists to under-
stand ethical and moral issues, the assumption seems to be that scientifi c 
experts are uniquely qualifi ed to judge science, but that average people are 
perhaps better qualifi ed to judge ethics and morality. So, in deciding who 
should govern science, the choice comes down to “Although I assume that 
they are competent to understand the science, do I trust scientifi c experts 
to refl ect the values of society?” versus “Although I trust average citizens 
to refl ect the values of society, do I believe that they are competent to 
understand the science?”
 Given that the scientifi c populists make up the smallest group identifi ed 
in the United States, Canada, and the European Union, the answer to the 
second question appears to be no. Average citizens do not appear to judge 
each other as understanding enough about science and technology to have 
suffi ciently informed views. 
 In the case of GM foods, this may be because each respondent per-
ceives himself or herself to be an average citizen, and because they judge 
themselves as not well informed enough about GM technology to make 
decisions about it, this must therefore be true of all average citizens. In 
contrast, some people may consider themselves to be particularly know-
ledgeable about the technology, with expertise on the subject well beyond 
that of the average citizen. Realizing the complexities involved and the 
knowledge and effort necessary to understand them, these people may 
realistically decide that average citizens do not have the time, scientifi c 
background, or proclivity to undertake what is required. Either way, people 
do not seem to be particularly optimistic about the abilities of their fellow 
citizens to participate in complex decisions about technology.
 The remaining question then is, how are people to decide whether scien-
tifi c experts share the same values, morals, and ethics as average citizens, 
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and how can they be confi dent that the decisions made by these strangers 
will be consonant with societal wishes? The GM debate suggests that those 
in the scientifi c community have a responsibility to deliberately counter 
the view that science and ethics are incompatible. 

Consensus about Which Problems Are Worth Solving Is Important
Most people are decidedly not anti-technology; the public wants science 
and technology to solve problems. The issue is that they want some say 
in deciding which problems are worth solving and whether the solutions 
proposed are acceptable. Indeed, the fi nal and perhaps most important 
lesson to be drawn from the GM food experience is that, for new technolo-
gies, success is not about attracting public trust and consent for an agenda 
already established by science, scientists, industry, or government offi cials 
but, rather, achieving some shared societal vision of what needs to be done 
and how. Rather than simply being seen as obstructionists who need to be 
convinced of the acceptability of new technologies, perhaps members of 
society should be seen as investors who want to have some infl uence on the 
direction of development.
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