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Abstract 

Global food security is a challenge that must be faced urgently. Food production must 

increase whilst maintaining or, ideally, improving environmental sustainability of agriculture for 

food. Genetically engineered crops for food are widely praised within the scientific community 

as presenting a solution for global food security. The use of corn genetically engineered to be 

tolerant to commonly used herbicides, for example, presents several benefits for the 

environment as well as economic benefits for farmers and for consumers. However, there 

remains a widespread gap in public awareness and knowledge of such benefits.  

The present research sought to further understand the drivers of public perception of 

genetic engineering, and whether information had the potential to induce change in perception 

of genetic engineering technology. The experimental design involved administering an online 

survey to participants residing in the United States. Participants answered a series of questions 

to assess their knowledge of genetic engineering techniques. Following this, information 

regarding three distinct agricultural applications of genetic engineering (nutritional enrichment, 

insect pest resistance, and herbicide tolerance) was provided to participants before ascertaining 

whether such tactical science communication efforts influenced these individuals’ perceptions 

of genetically modified crops.  

The results indicated that knowledge correlates with trust in some institutes, but not 

others, and that knowledge does not correlate with risk perceptions of genetic engineering 

technology. Of the three agricultural applications investigated, nutritional enrichment was 

perceived to present the least risk to the environment and human health. However, participants 

did perceive more benefit overall after being presented with accurate scientific information. 
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Structural Overview of the Thesis 

This academic thesis includes an in-depth review of previous research on the subject 

matter, a description of the present study, and a discussion of its findings. It is comprised of six 

chapters.  

Chapter One provides a brief description of agricultural development, genetic 

engineering technology, the challenge of achieving global food security, and how genetic 

engineering may contribute to achieving global food security.  

Chapters Two and Three cover a broad and extensive review of the literature and wider 

subject matter. Chapter Two explores the global trends in perception of genetically engineered 

crops, and discusses the reasons driving public opposition to the technology, including 

knowledge, trust and psychological mechanisms. Chapter Three explores the values individuals 

place on different applications of genetic engineering and reviews three applications of genetic 

engineering – nutritional enrichment, insect pest resistance, and herbicide tolerance – and 

highlights the differences in these applications. An outline of the research questions is presented 

at the end of this chapter. 

The research design, methodology, survey recruitment, coding scheme and statistical 

analyses are presented in Chapter Four. Chapter Five presents the research results. In Chapter 

Six, the results discussed and related back the existing literature. Concluding remarks, limitations 

and further research conclude the academic thesis. The appendices include the survey and the 

ethics approval form.  
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Chapter 1  Introduction 

1.1. Growth of agriculture and biotechnology to modern farming systems. 

Humans have consumed cereals and grains as part of their diet for over 20,000 years. 

The earliest evidence of cereal crop cultivation dates to between 12,000 and 9000 years ago, 

originating in the Near East, but arising independently eight separate times (Larson et al., 2014; 

Salamini, Özkan, Brandolini, Schäfer-Pregl, & Martin, 2002). For thousands of years, humans 

have unknowingly modified genes in crops through a process known as selective breeding, which 

involves selecting two parents with desirable phenotypic traits to reproduce and yield offspring 

with those traits (Griffiths, Wessler, Lewontin, & Carroll, 2008). In all such cases, the intention 

was to improve a crop as a source of food. However, selective breeding is slow, and the 

outcomes are less than predictable. Due to the random nature of genetic recombination, a 

process in which new combination of gene variants are produced (Griffiths et al., 2008), it can 

take many generations of breeding over tens of years to improve the desired trait, and often 

these beneficial effects come at the cost of undesirable characteristics being inherited alongside 

them (Barrows, Sexton, & Zilberman, 2014). For example, a variety of potato selectively bred for 

its improved resistance to potato blight was withdrawn from the market as it produced high 

levels of toxic glycoalkaloid compounds (Akeley, Mills, Cunningham, & Watts, 1968; Zitnak & 

Johnston, 1970).  

Selective breeding is not the sole contributor to modern agricultural advancement1. 

Improved pest management techniques have reduced losses to pests, and artificial fertilisers 

 

1 Herein, agriculture refers to cultivation of food crops, unless stated otherwise. 
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have led to an increase in crop yield to match a rapidly growing global population. In the past 50 

years, global production of grains (wheat, barley, maize, rice, and oats) have tripled (Godfray et 

al., 2010). While selective breeding can improve a plant crop, the mechanisms are often tedious 

and the effects marginal. By contrast, biotechnology and genetic engineering techniques can 

make larger improvements over a shorter period. 

Biotechnology involves utilising a living organism for medicinal, industrial or agricultural 

means. Biotechnology is not a modern innovation; it is as ancient as selective breeding. For 

example, the tradition of using yeast in brewing beer, the fermentation of wine, and bacteria 

used to culture cheese, are all ancient examples of biotechnological practices (Zilberman, 

Kaplan, Kim, Hochman, & Graff, 2013). The present thesis is concerned primarily with genetic 

engineering, a subtype of biotechnology. Genetic engineering2, as defined by Ministry for the 

Environment, is “a form of biotechnology that alters the characteristics of living organisms by 

moving, altering, inserting or deleting genes within or between species” (MFE, 2004, para. 8). 

The mechanism involves the host genome of an organism being engineered with foreign donor 

genes and the associated regulatory sequences. As such, there are two different categories of 

genetically engineered crops: 

1. Transgenic crops have foreign donor gene sequence(s) that originate from an unrelated 

plant or animal of the same species, or from an entirely different species. Introduced 

genes and associated regulatory sequences are novel introductions.  

2. A crop is cisgenic if the donor genes belong to the same species, and the donor gene 

and regulatory sequences are identical copies of the host’s. 

 
2 The lay person may use genetic modification and genetic engineering interchangeably; however, this is 
inaccurate. All crops are modified, whether intentionally through selective breeding or chance events 
such as mutation, hybridisation or genome duplication (Delaney, Goodman, & Ladics, 2018). 
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In either case, precise genetic changes are made under controlled laboratory conditions 

with the aim of altering the organism's function in the environment. A genetically modified 

organism (GMO) is a plant, animal or fungus that has had its genome altered using genetic 

engineering techniques (Sticklen, 2015). An “event” the change to the DNA of an organism, 

through a single insertion or deletion of a DNA sequence. The resulting change in the physical 

characteristics of the organism is known as a “trait”.  Some strains of corn, for example, have 

been engineered to resist corn borer (BT corn), some are herbicide tolerant, and others have 

multiple events stacked and are both herbicide tolerant and resistant to pests (Pilacinski et al., 

2011). In the domain of agriculture, genetic engineering is a highly effective method of 

improving a crop's quality, value, resilience, as well as reducing its agricultural impact on the 

environment (i.e., reduction of the volume and diversity of pesticides used on GE crops when 

compared with conventional crops, and reduced carbon emissions due to less spraying and 

reduced soil tillage (Brookes & Barfoot, 2017)). 

1.1.2 Initial commercialisation of genetic engineering technology 

The very first transgenic plant was engineered in a laboratory in 1983, where a bacterial 

gene was introduced into a tobacco plant. It took ten years of research and development before 

the first transgenic crop became available to purchase by consumers in 1994 (Aldemita, Reaño, 

Solis, & Hautea, 2015; Lucht, 2015; Prado et al., 2014). The “FLAVR SAVR” tomato was developed 

to have a longer shelf life than conventional varieties. Researchers hypothesised that the 

presence of the polygalacturonase (PG) enzyme was linked to fruit softening. The gene 

responsible for the expression of the PG enzyme was identified, and investigators posited that 

the disruption of PG gene function could reduce production of the PG enzyme. Consequently, 

this allowed ripe tomato fruit to remain firm for longer. The gene-edited tomatoes produced 

less than 1% of the PG enzyme compared with conventional tomatoes, enabling the FLAVR SAVR 
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tomato to remain firmer for longer. This allowed the FLAVR SAVR tomato to be vine-ripened, 

thus simplifying handling procedure, allowing a lower market price, and producing a more 

flavoursome tomato. However, the public opposition to GMOs is strong, with concerns around 

environmental, health and socioeconomic problems, despite the logic underlying such worries 

being largely unfounded. One concern often expressed by consumers is the effect of GE food on 

their health, in particular the uncertainty regarding the unintended transfer or expression of 

toxins, allergens, or diseases can be attributable to the consumption of food that has been 

genetically engineered 3 (Bawa & Anilakumar, 2013). Eventually, due to such erroneous public 

safety concerns, products containing FLAVR SAVR tomato were pulled from UK shelves in 1998, 

after four years of commercial availability (Bruening & Lyons, 2000).  

Since the commercialisation of genetically engineered crops, and despite the failure of 

the FLAVR SAVR tomato in the UK and Europe, cumulatively 2 billion hectares has been used to 

grow such agricultural products. In 2017, over 189 million hectares of arable land was used to 

grow GE crops in 26 countries, an increase of 3% from 2016. Of the top ten countries with the 

largest hectarage of GE crops planted, eight are developing nations. The number of farmers, and 

the amount of land used to grow GE crops increases annually. Consequently, genetic engineering 

is the fastest agricultural technology to be adopted worldwide. The most commonly used GM 

crops are soybean, maize, cotton and canola (ISAAA, 2017; Ricroch & Hénard-Damave, 2016). 

Furthermore,  GE crops are at least as safe as conventional crops, requiring up to $140 (USD) 

million and up to 13 years spent researching and developing a GE event to pass regulatory 

standards (Aldemita et al., 2015; Prado et al., 2014). Yet regardless of the scientific consensus 

 
3 Critics of GMOs could point to early studies that used proteins from the Brazil nut to fortify the 
nutritional value of soybeans, without factoring in the problem that the protein in question is a 
potentially deadly human allergen. However, development of the product was abandoned long before 
commercialisation (Nordlee, Taylor, Townsend, Thomas, & Bush, 1996) 
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of the safety and use of GE crops by farmers, there is still much fear and concern from the public 

surrounding the use of these agricultural commodities (Klümper & Qaim, 2014).  

1.2 The challenge of meeting global food security and sustainable food 

production 

Deficiencies in the production of food have occurred throughout human history, often 

leading to unsustainable exploitation of natural resources, species extinction, and even 

culminating in societal collapse. Resource scarcity is not limited to isolated populations, either. 

In fact, limited food availability presents complex global problems (Ehrlich & Ehrlich, 2013; 

Godfray & Garnett, 2014; Schneider et al., 2011). Since the 1960s, there has been considerable 

growth in global food production. Despite global population doubling in the decades since, 

global food security had been improving and world hunger declining (Godfray et al., 2010; 

Green, Cornell, Scharlemann, & Balmford, 2005). However, between 2015 and 2016, global 

undernourishment increased by approximately 38 million people (FAO, 2017). It is unclear 

whether this worrying phenomenon indicates the start of a new trend in increasing 

undernourishment, or simply a peak in habitual episodic fluctuation. Earth's population is 

expected to expand by 2.3 billion by 2050, reaching 9 billion people before stabilising. To meet 

the demands of a rapidly growing population, the FAO estimates that food production must 

simultaneously increase by 50%-70%. As such, Tilman, Balzer, Hill, and Befort (2011) forecast a 

100-110% increase in global crop demand by 2050. Complicating matters is the fact that human 

population growth will predominantly occur in developing nations where the greatest increases 

in food production must occur – such as an estimated 300% increase in food production in Africa. 

These are regions in which the prevalence of malnutrition, poverty, and food insecurity are the 

highest (Gatehouse, Ferry, Edwards, & Bell, 2011). 
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Food security is a global challenge, and no country on Earth is free from malnutrition 

(FAO, 2017). Food insecurity, malnutrition and obesity can co-exist in households of limited 

income where low-cost, high-energy foods are often chosen over more expensive, nutrient rich 

foods. The population of developed nations are expected to remain relatively stable over the 

coming years, but irrespective of this, FAO predicts that food production must increase by 30% 

in the USA.  

Fulfilling basic dietary requirements is not the only challenge facing our food security; 

correlated with increasing population is increasing wealth, a consequence of which will be an 

increasing demand for processed foods, dairy, meat, vegetables, fruit and fish - adding further 

strain to the food supply system and overall sustainability of food production. The demand for 

processed foods in developed countries is expected to increase whilst, simultaneously, one in 

seven people cannot fulfil the most basic dietary requirements (Dibden, Gibbs, & Cocklin, 2013; 

Godfray et al., 2010; Godfray & Garnett, 2014; Huang, Pray, & Rozelle, 2002; Jacobsen, Sørensen, 

Pedersen, & Weiner, 2013). 

1.2.1 Agenda for sustainable agriculture  

Given the threat of unsustainable food production in the face of an increasing global 

population, the UN has set targets in the 2030 Agenda for Sustainable Development to manage 

food security. Goal 2, outlined by the UN in 2015, aims to end hunger, achieve food security and 

improved nutrition and promote sustainable agriculture by 2030 (UN, 2016). To achieve the level 

of food security outlined the UN requires increasing food production to meet the demands of a 

growing population and end the hunger of the world’s poorest people. Agricultural practises and 

crop yield improvements must be economically, environmentally and socially sustainable 

(Anderson, Harrigan, Rice, & Kleter, 2016; Tscharntke et al., 2012).  
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1.3 Environmental impact of agriculture - land use 

Agriculture presents several threats to environment: climate change, biodiversity loss, 

and degradation of land and fresh water (Foley et al., 2011). Impacts of agriculture on the 

environment can be divided into two categories: extensification and intensification: 

Agricultural extensification – the expansion of croplands – replaces natural ecosystems 

and fragments habitats, contributing to loss of biodiversity and species extinction. Much of the 

land suitable for agriculture is already being used as such, and the remaining land is desert, 

mountains, cities or ecological reserves which are unsuitable for agricultural expansion 

(Schneider et al., 2011). A significant portion of expansion occurs in the tropics, with 80% of 

cropland expansion replacing tropical forests. This is particularly worrisome, as tropical forests 

are rich in biodiversity and important carbon sinks (Foley et al., 2011). Fortunately, agricultural 

expansion is slow and contributes only a small amount to the increase in food production that 

has occurred over the past 50 years. The demand for food will continue to increase with the 

growing global population, but there is next to no land to expand into (Bommarco, Kleijn, & 

Potts, 2013; Foley et al., 2005). 

Agricultural intensification – increasing yield without increasing cropland area – 

contributes to a greater proportion of the increases in food production. According to Foley et al. 

(2011), food production increased by 28% between 1985 and 2005, while cropland area 

increased by 2.5% over the same period, indicating that intensification contributes the greatest 

increases in food production. The improvement of food crop production per hectare is due to 

agricultural intensification practises such as the use of chemical fertilisers and pesticides, which 

contributes to improvements of crop yield, both directly and indirectly. 
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Intensification and extensification of agriculture have contributed to almost doubling 

global food production in the past 60 years – at great cost to the environment – and yields are 

increasing at a slower rate. These costs include biodiversity loss, declining health of land and 

bodies of water, and greenhouse gas emissions leading to climate change (Bommarco et al., 

2013; Foley et al., 2005; Schneider et al., 2011; Zhang et al., 2015). 

1.3.2 Climate change 

Greenhouse gases in the atmosphere absorb infrared radiation and trap heat in the 

Earth’s atmosphere, contributing to global warming. Crop cultivation accounts for 25% of 

anthropogenic greenhouse gas (GHG) emissions and is a primary contributor of carbon dioxide 

(CO2) (fossil fuel combustion to power machinery) and nitrous oxide (N2O) emissions (synthesis 

of artificial fertilisers) (Garnett, 2011; Johnson, Franzluebbers, Weyers, & Reicosky, 2007) . N2O 

are a small portion of GHG emissions, and are derived from fertiliser use, but agriculture is a 

primary source of N2O and their use causes issues in soil management and water quality 

(Garnett, 2011; Snyder, Bruulsema, Jensen, & Fixen, 2009). Fertilisers are used to provide the 

most ideal conditions for crops. Synthetic fertilisers created through the Haber-Bosch process, 

in which atmospheric N2 gas is utilised as a primary reagent, are used on crops that feed 50% of 

the world’s population. However, run-off and leeching of fertilisers impacts conditions of 

waterways and is detrimental to the overall health of land and waterways (Zhang et al., 2015). 

Foley et al. (2011) describes how global nitrogen and phosphorous cycles have been affected by 

the application of chemical and manure fertilisers, as well as nitrogen fixation of soils.  

The cumulative impacts of agriculture on the environment are contributing to climate 

change, which, in turn, threatens agricultural productivity and increases the challenge of 

achieving sustainable food production (Bommarco et al., 2013; Challinor et al., 2014; Schneider 
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et al., 2011; Zhang et al., 2015). Wheeler and von Braun (2013) describe a complex system 

between climate change and illustrate how this dynamic affects the stability of the food system, 

from production, to utilisation, and price trends. First, the frequency of extreme weather events 

will increase with climate change, affecting crop productivity. Climate change may also affect 

the ability to produce certain products in certain regions, causing geographical shifts in the 

production of food. Agricultural productivity is sensitive to climate variability, and climate 

change is expected to directly influence crop production. The degree to which climate change 

will affect agriculture will depend on the severity of climate change and vary from location to 

location. Second, food utilisation (or nutritional availability/uptake from food) will be affected. 

Diet quality can be affected by a changing climate, where dietary variety is affected. Additionally, 

flooding and droughts in areas with insufficient sanitation may result in disease, affecting 

micronutrient uptake – particularly diarrheal disease. Finally, climate influences future price 

trends of food, with climate change disrupting food market stability.   

1.4 The role of genetic engineering in achieving global food security 

Food security is a complex problem, but it is not necessarily solved by increased food 

production. Presently, food supply disproportionately favours developed nations, with poverty 

existing where quality and quantity of agricultural land is poor. Tscharntke et al. (2012) argue 

that current food production is enough to feed the world, but that it is food supply chains that 

are flawed. Food is distributed poorly, and wastage is high, with up to a third of food being 

thrown away globally. The poor simply cannot afford enough food. However, a perfect 

distribution system is impossible to achieve, which means that more food needs to be produced 

in an environmentally sustainable way. However, socioeconomic and political factors that have 

thus far limited the distribution of food in developing nations are unlikely to be solved by 2050 
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(Eckardt, Cominelli, Galbiati, & Tonelli, 2009). Food security isn’t about simply producing more 

food, rather reducing the impact agriculture has on the environment and reducing the 

prevalence of malnutrition and nutrient deficiencies.  

Genetically engineered crops are widely praised within the scientific community as 

being a solution to these global issues, with developing nations standing to gain the most benefit 

from the technology (Marques, Critchley, & Walshe, 2015). Transgenic crops, developed through 

recombinant DNA technology, can be engineered to possess a multitude of traits, which, directly 

and indirectly, contribute a viable solution to the three challenges of food security. Enhanced 

tolerance of stressors, both biotic and abiotic, can increase yield, reduce environmental load, 

and enable social and economic development. Genetic engineering can help meet increased 

yield demands, improve nutritional value of crops, and reduce agricultural load of the 

environment. GE technology can also cut GHG emissions and reduce pollution of aquatic 

ecosystems.  

Herbicide and insect pest resistance reduce environmental load where GE crops are 

planted, when compared with conventional crops, and improvements in nutritional value 

alleviate micronutrient deficiencies in populations whose diets are made up of single cereal 

crops (Todaka, Shinozaki, & Yamaguchi-Shinozaki, 2015; Vinocur & Altman, 2005). The economic 

benefits can be a direct result of increased yield, or indirectly from reduced costs of cultivation. 

Genetically engineered crops offer many economic, social and environmental benefits, aspects 

that will be explored in greater detail in the subsequent literature review. 
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1.5 Public acceptance of genetic engineering technology 

For genetically modified crops to become successful, they must first gain approval and 

acceptance from the public. Unfortunately, concerns expressed by the public about the 

“unknown” risks to human health, the environment, and socioeconomic development influence 

the regulatory policies regarding the development and eventual commercialisation of 

genetically engineered crops. Should the public oppose GE technology, regulations will tighten 

to reflect this, and certified GM products will struggle to permeate the marketplace (Frewer et 

al., 2004; Mielby, Sandøe, & Lassen, 2013). Approval of genetic engineering technologies may 

vary country to country depending on the economic and societal needs and demands of that 

location (Aldemita et al., 2015). Despite scientific consensus of the safety of genetic engineering 

technology and its potential for valuable applications, a large difference exists between 

scientists’ and farmers’ approval of GM crops and the acceptance shown by the public. A study 

by Savadori et al. (2004) comparing expert and public risk perception of seven applications of 

GE technology found that the public perceived significantly higher risk for all seven applications 

than experts. Arguments that food derived from GE crops present unknown health risks to 

consumers and the environment still persist (Lucht, 2015; Marques et al., 2015). 

Consumer attitudes vary between different applications of genetic engineering, with 

some applications being viewed as more acceptable than others (Magnusson & Hursti, 2002). 

Genetic engineering technology used for medicine, for example, is viewed more positively than 

genetic engineering used for food. Genetic engineering of microorganisms and plants have been 

found to be perceived as less risky, more beneficial, and less unethical than applications 

involving the genetic engineering of animal or human DNA (Frewer et al., 2013). Opposition to 

genetic engineering technology may arise when there is a lack of perceived benefit to the public. 

The public does not view applications of genetic engineering equally. Instead, the perceived risks 
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and the benefits are assessed as if they were part of an equation: if the net perception is that of 

seeing the application as too risky, it will be rejected. However, key benefits can offset perceived 

risk (McComas, Besley, & Steinhardt, 2014). For example, medical applications of GE are 

considered to be highly useful and low in risk, whereas GE applications for food are considered 

to present few benefits and are high in risk. These differences will be explored in greater detail 

in Chapter 3.   

Although not a focus of this study, the perceived “naturalness” of the modification also 

appears to affect the acceptance of an application. The greater the phylogenetic distance of the 

donor gene, the less accepting the public are of the genetically modified organism (Hudson, 

Caplanova, & Novak, 2015). In other words, cisgenic organisms are more acceptable than 

transgenic organisms. Of the four main varieties of genetically engineered crops (canola, maize, 

cotton and soybean) nearly half of those planted were transgenic (Brookes & Barfoot, 2017).  
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Chapter 2 - Attitudes and Communication 

A primary determinant of the course that development, regulation and 

commercialisation of GE technology takes are the attitudes held by the public (Aldemita et al., 

2015; Frewer, Howard, & Shepherd, 1997; Marques et al., 2015; Mielby et al., 2013). Should the 

public disprove of GE technology, the resulting products will struggle to compete in a 

marketplace where equivalent alternatives are available (Frewer et al., 2004; Marques et al., 

2015; Mielby et al., 2013). Take for example the case of the FLAVR SAVR tomato. Public dissent 

resulted in withdrawal of food products containing the GE tomato from supermarket shelves. 

Therefore, to ensure the viability of GE technology in a free market, a comprehensive 

understanding of the drivers of public attitudes and current knowledge is essential. This chapter 

looks at the broad differences in public attitudes towards GE technology, how knowledge, risk 

perception and trust shapes public opinion of GE food, and explores the psycho-social drivers of 

opposition of genetic engineering technology.  

2.1 Conflicting attitudes towards genetic engineering 

Since the commercialisation of GE crops, cumulatively 2 billion hectares has been used 

to grow these specialised agricultural products. In 2017, over 189 million hectares of arable land 

was used to grow GE crops in 26 countries, an increase of 3% from 2016. With the expectation 

of 2015, global planting of GE crops has increased at a steady rate since 1996 (see Figure 1). The 

rate of adoption of GE technology by farmers is faster than any other agricultural technology, 

demonstrating the preferences for GE crops by farmers and their merits for these varieties over 

conventional crops. The literature supports this preference for GE over conventional; a meta-

analysis by Klümper and Qaim (2014) showed that GE crop adoption improved yields by 22%, 
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reduced pesticide use by 37%, and increased farmer profit by 65% (ISAAA, 2017; Klümper & 

Qaim, 2014; Ricroch & Hénard-Damave, 2016). Numerous studies and reviews have examined 

the evidence and concluded that GE crops pose no risk to the environment or to human health 

when consumed (Aldemita et al., 2015; Nicolia, Manzo, Veronesi, & Rosellini, 2014; Panchin & 

Tuzhikov, 2017; Prado et al., 2014). Despite the rapid and widespread adoption of GE technology 

by farmers, controversy and suspicion remain within the public.  

 

Figure 2.1 Data compiled from James Clive 2017 ISAAA. 

The existing literature exploring the public’s attitudes towards genetic engineering is 

extensive and includes numerous reviews and meta-analyses (Bawa & Anilakumar, 2013; Costa-

Font, Gil, & Traill, 2008; Frewer et al., 2011; Frewer et al., 2013; Scott, Inbar, Wirz, Brossard, & 

Rozin, 2018; Siegrist, 2008) covering applications of genetic engineering and its use in food, 

medicine and pharmaceutical applications, and agriculture (Magnusson & Hursti, 2002). 

According to Frewer et al. (2013), studies on the perception of GE technology peaked around 

2003, and publication in this academic research area has been in decline since. This peak in the 
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number of studies being conducted coincided with the commercialisation of genetically 

engineered crops. Several important factors have been identified that influence the public 

perception of GE technology, including, but not limited to, scientific knowledge, perception of 

risk, perceived “unnaturalness” of the technology, and trust4 (Bearth & Siegrist, 2016; Frewer et 

al., 2013; Hudson et al., 2015; Siegrist, 2008). Additionally, perception of genetic engineering 

technologies varies between countries, gender, and level of education (Aldemita et al., 2015; 

Hudson et al., 2015).  The response of consumers to GE technology varies between countries 

and continents (Rodríguez-Entrena & Salazar-Ordóñez, 2013). 

2.2 Global trends in perception 

Notable differences in perception of GE technology have been shown to exist between 

countries and continents in meta-analyses conducted by Dannenberg (2009), Frewer et al. 

(2013), and Lusk, Jamal, Kurlander, Roucan, and Taulman (2005). Consumer attitudes, 

perceptions, regulations and consequent labelling requirements of GM crops vary country to 

country, and have been divergent in North America and Europe since the early 1990s (Aldemita 

et al., 2015; Lucht, 2015). North American and Asian consumers have a generally more positive 

attitude, whereas European consumers are far more averse to GE technology and GE food – with 

somewhere between 60% and 75% of Europeans unsupportive of GE technology (Frewer et al., 

2013; Gaskell et al., 2010; Hudson et al., 2015; Twardowski & Małyska, 2015). Following the 

initial commercialisation of GE crops – crops developed to be resistant to herbicides and tolerant 

to insects – a diverging trend in perception quickly became apparent. Whilst GE crops were 

widely and rapidly adopted in North America, the relative dissent towards GE foods in the EU 

 
4 “Trust” is a bit of an ambiguous term as there is variation in the formation of research questions. Some 
research investigates trust in information about GE from a variety of sources, trust in GE, and trust in 
the regulation of GE (Frewer et al., 2013).  



16 
 

limited the development of the technology. Indeed, of the 185.1 million hectares of GE crops 

grown globally, 75 million hectares were grown in the USA – 40% of the global total. By 

comparison, a mere 131,535 hectares or 0.5% of the global total were grown in the whole of the 

European Union in 2017.  

Diversity of GE crops used in the USA compared with Europe is also markedly different, 

the number of events grown in the USA since 1996 total 197, across 19 crop species, whereas 

highly restrictive EU legislation regulating GE technology limits farmers to a single biotech crop: 

maize that resists the corn borer insect (ISAAA, 2017; Lucht, 2015; Zilberman et al., 2013). This 

has limited the research and development of GE technology in the EU (Frewer et al., 2013; 

Hudson et al., 2015). The regulations that GE crops are subject to (ranging from labelling policies 

to outright prohibition) give an indication of the perceptions the public have towards GE 

technology (Marques et al., 2015). Whether the political climate is influenced by public 

perceptions, or public perceptions are influenced by the political climate, remains unclear, but 

the two are ostensibly linked (Vilella-Vila, Costa-Font, & Mossialos, 2005). 

A moratorium on the importation of GE foods was in effect in the EU until 2005 (Costa-

Font et al., 2008). However, highly restrictive regulations still limit the use and sale of GE crops 

for food. Labelling regulations in place in Europe require all GE foods and animal feed products 

to be labelled as such, despite there being no detectable difference in the physical or chemical 

properties between modified and unmodified versions of a crop in the final, processed product 

(Zilberman et al., 2013). If a product is to remain unlabelled, under regulations in the EU, it 

cannot contain more than 0.9% GE ingredients (Vecchione, Feldman, & Wunderlich, 2015). 

Whilst Twardowski and Małyska (2015) argue that this is the result of exploiting a marketing 

strategy under the guise of freedom to information, from the US regulatory perspective, GE 
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foods are not under such strict control because the end products are substantively equivalent 

(Knight, 2009).  

Numerous explanations for the diverging attitudes between North American and 

European markets have been explored in the literature and are believed to be likely due to 

events that occurred during the early years of commercialisation in the late 1990s. First, despite 

the positive environmental effects of GE technology in agriculture, NGOs and environmental 

activist groups, such as Greenpeace, have strongly objected to its use.  Former anti-GMO activist 

Mark Lynas attempted to explain the reasoning behind his initial opposition. “When I first heard 

about Monsanto’s GM soya I knew exactly what I thought. Here was a big American corporation 

with a nasty track record, putting something new and experimental into our food without telling 

us. Mixing genes between species seemed to be about as unnatural as you can get – here was 

humankind acquiring too much technological power; something was bound to go horribly 

wrong. These genes would spread like some kind of living pollution. It was the stuff of 

nightmares” (Lynas, 2013, para. 4). In other words, a lack of trust in biotech companies and the 

unknown, potentially dangerous consequences of GE technology led the perception amongst 

environmentalists that GE technology is undesirable. Greenpeace campaigned against 

cultivation and importation GE food products from the EU in 1996, setting the tone of the 

regulatory framework in the EU (Lucht, 2015; Zilberman et al., 2013). Although NGOs have 

played a role in the campaign against GE technology in the US, they do not share the same 

strength in their position as their counterparts in the EU.  

Second, Marques et al. (2015) postulates that the European public has less trust in 

governing bodies due to there being a greater number of publicised food scares in Europe than 

in the US, Japan or China. Erosion of trust in European regulators following contamination of 

food chains with dioxins, as well as the problem of bovine spongiform encephalopathy (BSE), 
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more commonly known as “mad cow disease,” occurring around the time Europe began 

importing GE corn and soybean from the US. Europeans were unwilling to trust in the safety of 

“unnatural” and focus on the risks of GE food, whereas US consumers have not experienced the 

same scares and can more easily identify the benefits of the technology (Ceccoli & Hixon, 2012; 

Finucane & Holup, 2005; Knight, 2009). Lastly, in the US, consumers display lower levels of 

awareness and knowledge of GE technology and GE food, and are less engaged in public 

discourse,  than Europeans (Knight, 2009).  

Compared to Europe, the US, Canada and Asia are somewhat more accepting and 

lenient regarding the applications and benefits of GE technology, especially towards policies 

allowing for a greater number and variety of GMOs to be grown. Furthermore, labelling is not a 

requirement by law (Lucht, 2015). Organisations that exist in both North America and Europe 

carry different political weight and interest. Greenpeace, for example, strongly objects to the 

use of GE technology due to the perception that GE crops require more pesticides and chemical 

fertilisers, and that large multinational companies are unfairly exploiting GE technology at the 

expense of farmers (Greenpeace, n.d.). Greenpeace was far more effective in voicing their 

objections in Europe, having a  greater influence on the European political sphere, whereas in 

the USA biotechnology companies were more prominent (Zilberman et al., 2013).  

One empirical measure of public perception of GE food products is consumers’ intent, 

or willingness to purchase (WTP). However, people’s stated intention often differs from their 

behaviour (Lusk et al., 2005). For example, Prati, Pietrantoni, and Zani (2012), and Vecchione et 

al. (2015) found that attitudes towards GE technology were a good predictor of behaviour, and 

WTP. Furthermore, they found that benefit perceptions had much larger effects on attitudes 

towards GE technology than risk perceptions. However, a meta-analysis of WTP studies by Lusk 

et al. (2005) found that hypothetical WTP was greater than actual-WTP, the previous two 
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examples are examples of hypothetical-WTP.  An alternative experimental design would be to 

conduct an experimental auction in which participants take part in an active market with 

monetary decision making and consequences (De Steur, Gellynck, Feng, Rutsaert, & Verbeke, 

2012).  

Overall, North American and Asian participants expressed a higher intention to purchase 

GE products as well as more positive attitudes (Frewer et al., 2013). North American and African 

participants perceived more benefits associated with GE, whilst fewer risks were perceived by 

North American, South American, and Asian participants with GE overall. Some of this public 

opposition to GE technology for food may be that Western consumers see little to no benefit of 

the technology for themselves. This is largely true; except for reduced cost to purchase, there 

are very few direct benefits to individual consumers in more economically developed countries. 

There are, however, benefits for the environment and for individuals in developing nations, 

particularly for those whose diets are centred around a few staple crops. For example, in areas 

of sub-Saharan Africa, and south and western Asia, many people are dependent on one or two 

staple crops, such as rice, for most of their meals. Such diets lack the essential vitamins and 

minerals required by the human body, often leading to micronutrient deficiencies and poor 

health (de Valença, Bake, Brouwer, & Giller, 2017; FAO, 2017). GE technology can be employed 

to biofortify such staple crops with certain essential vitamins, thus reducing the effects of 

micronutrient deficiencies on human health (see: 3.1.4 Nutritional enrichment).  
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2.3 Attitudes towards genetic engineering: knowledge, scientific literacy 

and trust 

The public understanding of biotechnology has been extensively researched (McComas 

et al., 2014; Mielby et al., 2013), focussed primarily on direct correlation between knowledge 

and acceptance. This work has identified knowledge as one possible determinant of attitudes 

towards genetic engineering. However, research into the effect of scientific knowledge on 

attitudes has yielded mixed results (Hudson et al., 2015). The public opposition to genetic 

engineering technology is thought to be driven largely by a lack of scientific understanding. 

Indeed, only a small percentage of the public can accurately demonstrate an understanding of 

the processes involved in genetic engineering technology. Hence, some argue that the deficit 

model of science communication, a theoretical framework in which perceptions of science and 

technology can be improved by providing information, is effective in alleviating ignorance and 

reducing suspicion and fear of science and technology. Although a number of studies have 

reported a positive correlation between knowledge and attitude towards GE technology 

(Moerbeek & Casimir, 2005; Vilella-Vila et al., 2005; Zhu & Xie, 2015), scientific knowledge does 

not necessarily correlate to positive attitudes for specific technological applications. Indeed,  

many other studies find the link between knowledge and acceptance for GE to be weak, if not 

contradictory (Allum, Sturgis, Tabourazi, & Brunton-Smith, 2008; Hudson et al., 2015; Klerck & 

Sweeney, 2007; Madsen, Lassen, & Sandøe, 2003; McComas et al., 2014; Vecchione et al., 2015). 

Simply providing the public with more information does not necessarily contribute to greater 

acceptance of specific applications.  

Furthermore, although indecisiveness can be reduced with more information, increased 

opposition can be the net result (Allum et al., 2008; Lassen, Madsen, & Sandøe, 2002; Madsen 

et al., 2003; Mielby et al., 2013; Pardo, Midden, & Miller, 2002). While Frewer et al. (2011) assert 
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that negative views towards GE can be improved with positive information, a study by Pardo et 

al. (2002) of European attitudes found that the more knowledgeable participants were of GE 

technology, the greater polarisation in attitudes toward it. This indicates that knowledge 

forecasts the strength of one’s attitude, rather than an inclination for or against GE technology.  

A study by Mielby et al (2013) showed how knowledge and acceptance varies between 

specific applications of genetic engineering. Where 52% of respondents were in favour of GE 

technology for medical applications, these people were significantly more knowledgeable of the 

technology than were those who were opposed or neutral. Although there was a positive 

correlation between scientific knowledge and acceptance of GE, this was relatively weak and 

varied between applications. Medical applications were viewed as most acceptable (55.2%), 

followed by GE feed for animals (31.1%), and lastly GE food for human consumption (25.9%). 

Interestingly, mean knowledge of opponents was significantly higher when it came to animal 

feed and cisgenic cereals. In all other cases, proponent knowledge was significantly higher. 

In sum, a review of the literature in this area suggests that knowledge makes agricultural 

and medical applications of GE more differentiable. The effect of knowledge varies across 

applications of medicine, agriculture and animal feed Therefore, where knowledge varies and 

characteristics of GE are differentiable, perceptions are likely to differ between said applications. 

There has been research into the perception of genetic engineering technology on different 

applications at an aggregated level (Blaine, Kamaldeen, & Powell, 2002; Pardo et al., 2002), GE 

technology for medicine (Frewer & Shepherd, 1995; Gaskell et al., 2003), GE technology for 

animal feed, for crops for food (Dannenberg, 2009; Frewer et al., 2013; Hudson et al., 2015; Lusk 

et al., 2005; Magnusson & Hursti, 2002) and animal genome editing (Frewer, Coles, Houdebine, 

& Kleter, 2014).  
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2.3.1 Measuring knowledge 

When measuring the effect of knowledge on acceptance and attitudes, there are two 

elements that should be taken into account: how knowledge is measured, and different types 

of knowledge (House et al., 2004; Klerck & Sweeney, 2007; Knight, 2009). According to Knight 

(2009), knowledge can be measured in three ways. First, researchers can assess participants’ 

awareness by asking “have you heard of…”. However, this assumes that awareness equates with 

knowledge. In a Canadian survey, Sheehy (1998) showed 70% of people are aware of 

biotechnology, but report having little to no knowledge of it. Second, investigators can ascertain 

participants’ self-reported knowledge of biotechnology. As with general awareness measures, 

however, self-reporting may result in an overestimation of knowledge. Finally, one can attempt 

to develop a valid measure of objective knowledge (e.g., using true/false questions).  

According to (Klerck & Sweeney, 2007), there are two types of knowledge that must be 

taken into consideration when measuring the correlation between knowledge and acceptance: 

subjective knowledge and objective knowledge. Subjective knowledge is the individual’s 

perception of how much they know. However, people often believe that they are more 

knowledgeable on a topic than they actually are (House et al., 2004). Objective knowledge, by 

contrast, refers to factual information that is known by a person (Klerck & Sweeney, 2007). 

House et al. (2004) and Lusk et al. (2004) have found that only subjective knowledge and 

prior experience matter when it comes to consumers’ decision-making and acceptance. When 

participants had more subjective knowledge or were initially more or less accepting of GE 

technology for food, there was less change in their acceptance with new information. They were 

also more likely to reject information that was inconsistent with their original point of view.   
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Previous research into the relationship between knowledge of GE technology and public 

perception have primarily addressed whether or not there is a direct correlation between the 

two factors. However, factors other than knowledge, such as risk/benefit analyses, institutional 

trust, and concerns about unnaturalness of GE, also shape the public’s attitude (Allum et al., 

2008). If the public views one application to be more important than another, or the 

environmental, economic or health consequences are seen as outweighing the risks, such 

factors will co-vary with different levels of knowledge. That is to say, whilst knowledge does 

have some bearing on the public acceptance of GE technology, acceptance of such products is 

likely to be influenced by a confluence of factors, some of which are orthogonal to knowledge 

(Mielby et al., 2013). 

2.3.2 Cognitive dissonance 

The role of information in the formation of opinions can be of limited use when 

informing people who already have established beliefs of GE technology – hence the importance 

of distinguishing between subjective and objective knowledge types (Klerck & Sweeney, 2007). 

Through a process known as selective exposure, people gravitate towards information that 

aligns with their pre-established beliefs about a topic, thus defending or confirming their 

position. Conversely, they will reject information that challenges pre-existing beliefs, regardless 

of the accuracy of the information (Bardin, Perrissol, Facca, & Smeding, 2017; Frewer et al., 

1997; Hart et al., 2009). When people encounter this challenge to pre-existing beliefs, they can 

experience cognitive dissonance: a state of mental discomfort brought on by information that 

contradicts their ideology. People experience emotional discomfort when pre-existing beliefs 

are challenged, often entering into a state of cognitive dissonance. According to Festinger 

(1957), people often pursue information that confirms their pre-existing beliefs and attitudes to 

avoid emotional discomfort when their “knowledge” is challenged.  



24 
 

People who have strong, pre-existing, emotionally held opinions may turn to dubious 

sources of information to inform their risk decision making. This is particularly problematic in 

the contemporary age, as the internet provides convenient access to vast amounts of 

information, with varying accuracy (Wansink, Tal, & Brumberg, 2014). In their study of high-

fructose corn syrup (HFCS), Wansink et al. (2014) found that, of four foods used in the study, 

three were rated as less healthy by participants when these foods contained HFCS. Like food 

derived from GE crops, HFCS is stigmatised for its association with highly processed foods, 

influencing people’s risk perception and avoidance of these products.  

2.3.3 Effects of gender 

The effect of knowledge on acceptance of genetic engineering has been found to differ 

between genders. Women tend to express strong, negative attitudes towards GE and consider 

GE technology to be more worrisome, whilst men do not consider genetic engineering a primary 

concern. Indeed, Moerbeek and Casimir (2005) found that men possess more objectively correct 

knowledge about GE technology. Additionally, although improved objective knowledge in this 

area led to greater acceptance of GE applications, this effect was significantly greater in men.   

2.4 The role of trust  

As most people are not particularly knowledgeable of genetic engineering, and 

knowledge appears to have varying effects on perception, some researchers posit that trust aids 

in risk management decisions that affect perception of genetic engineering technology 

(Critchley, 2008; Gutteling, Hanssen, van der Veer, & Seydel, 2006; Siegrist, 2000). Of particular 

note is “social trust”, which refers to how willing people are to place their trust in organisations 

and individuals (Frewer et al., 2004; Marques et al., 2015). Siegrist (2000) found that trust in 
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scientists and companies researching and developing gene technologies had a strong effect on 

the overall risk or benefit perceived with those technologies; trust in scientists positively 

impacted perceived benefit, and negatively impacted perceived risk (Siegrist, 2000). Given that 

trust impacts risk/benefit perception, it plays an important role when it comes to the public’s 

acceptance of GE technology.  

As previously discussed, the lack of trust in governing bodies in the EU following serious 

public health scares in the food chain is believed to underlie the difference in perception of GE 

technology between EU and North American consumers. In two studies of consumer trust, a 

survey of US adults by Lang and Hallman (2005) and another by Gutteling et al. (2006) involving 

Dutch adults, consumers placed more trust in watchdog groups (e.g., consumer advocacy and 

environmental groups), than in government and industry-related bodies. Furthermore, Lang and 

Hallman (2005) found that scientists, universities and medical professionals were among the 

most trusted authorities. These findings highlight the importance of consumer trust in 

organisations as a factor in attitudes towards GM food, particularly the relative trust between 

different organisations. Low trust in government and high trust in watchdog groups correlates 

with less favourable attitudes and lower acceptance of GE food. Conversely, high trust in 

government and low trust in NGOs predicts more positive attitudes towards GE for food 

(Marques et al., 2015).  

A frequently cited reason not to trust industry-related bodies centres around the 

concern that industry funded studies would inaccurately report findings by exaggerating 

benefits and under-reporting costs. Yet in a meta-analysis, Klümper and Qaim (2014) found that 

source of funding had no effect on the data produced; figures obtained by industry funded 

research were not significantly different from those produced by researchers with independent 

funding sources.  
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2.5 Public attitudes and risk perception 

Risk perception is arguably the most important factor influencing the public’s perception 

of genetic engineering, with scientific knowledge and trust influencing the direction the 

risk/benefit balance takes (Marques et al., 2015; Mielby et al., 2013; Siegrist, 2000; Vilella-Vila 

& Costa-Font, 2008). Should perception of risk exceed some personal threshold, risk will evoke 

feelings of fear and a desire to avoid, thus damaging one’s attitude towards a product or 

technology (Wansink, Tal, & Brumberg, 2014). Risk perceptions are not mutually exclusive, 

however, nor are they viewed as singular entities. Rather, the risks and benefits are individually 

appraised and a conclusion of the risk/benefits ratio are made (McComas et al., 2014; Mielby et 

al., 2013). Consumers’ risk perception may differ from the assessments made by experts 

(Siegrist, 2008). For example, an objective calculation of risk involves calculating the probability 

of a risk event occurring, combined with hazards presented, consequences, or degree of harm 

resulting when the event occurs (Smyth, Phillips, & Kerr, 2015; Wansink et al., 2014). Take the 

risk of transgene escape, for example. Transgenes may escape into wild populations through 

hybridisation or horizontal gene transfer (HGT). The probability of transgene escape through 

hybridisation is higher than that of HGT, but overall risk is dependent on numerous biotic and 

abiotic factors that affect hybrid fitness (Tsatsakis, Nawaz, Kouretas, et al., 2017).  Horizontal 

gene transfer, or the transfer of genes by some means other than from parent to offspring, has 

been shown to occur in transgenic plants. However, there have been no observable effects as a 

result of HGT of transgenes (Tsatsakis, Nawaz, Tutelyan, et al., 2017).  

Compared with scientific investigation of risk, public perception of risk operates under 

a more general assessment driven by socio-economic issues, rather than scientific 

understanding (Lassen et al., 2002). In other words, the public will focus on whether the risk is 

acceptable, rather than the likelihood that the risk will occur. For example, the risk of antibiotic 
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resistance genes transferred through HGT may be purely speculative, but it is likely to be an 

unacceptable risk in the eyes of the public. A consumer may base a risk perception on objective 

information, but according to affective theory, pre-conceived biases or emotional response to 

information can lead to a more subjective assessment of risk. Affect guides a person’s risk 

judgement; it is an emotional response to a situation, often precluding objective information 

(Slovic, Finucane, Peters, & MacGregor, 2007). If a person likes or feels positively about 

something, they are more likely to judge risks as low and benefits as high. Alhakami and Slovic 

(1994) demonstrated the inverse relationship between risk and benefit perception; if a person 

judges something to be high in risk, it is usually judged to be low in benefit (see also Finucane, 

Alhakami, Slovic, and Johnson (2000). Affect manages a reflexive risk assessment of our 

environment. This evaluative process has likely had considerable adaptive value under ancestral 

ecological conditions, but such an intuitive response is not designed to assess the novel, and 

comparatively abstract, risk of GE technology.  

2.6 Current perspectives  

To address misunderstandings surrounding GE applications, it is important to first 

understand the factors that are involved in the decision-making process for accepting or 

rejecting GE technology. Factors such as knowledge, risk perception, perceived benefit, and trust 

all contribute to this process with varying magnitude (although the role of knowledge is still 

being debated), and likely correlate between each other. Additionally, the acceptability of 

genetic engineering technology changes between applications with different characteristics and 

purposes and where knowledge makes some applications of GE more differentiable, but not 

others (Mielby et al., 2013).   



28 
 

Some researchers have speculated that most Western consumers see few benefits of 

GE technology for themselves (Blancke, Van Breusegem, De Jaeger, Braeckman, & Van Montagu, 

2015). According to Blancke et al. (2015), for instance, the primary obstacles of acceptance of 

GE technology are a lack of perceived benefits to outweigh the risks, and a failure to 

communicate direct advantages in an individualised marketplace (McComas et al., 2014).  More 

specifically, the “unknown” impacts that GE technology can have on human health, the 

environment, and the economy have been expressed as concerning by the public (Blancke, et 

al,. 2015). From a European perspective, perceived risks by the consumer largely outweigh the 

benefits of GE crops (Madsen et al., 2003). Indeed, the premise for the European prohibition on 

importation of GE crops prior to 2005, as previously mentioned in the literature review, were 

largely regarding concerns of health of the public and the environment (Costa-Font, et al,. 2008). 

Together, the findings suggest that, depending on where the public places their primary trust in 

this domain (e.g., scientists, farmers, politicians, NGOs, etc.), professional science 

communicators working in this area should liaise closely with these influential groups to develop 

persuasive, accurate messages about GE technology.  



29 
 

Chapter 3 – Perception and Applications 

Most research into the perceptions of GE focuses on the technology at a broad scale, 

often referring to agriculture as a whole or to GE for food and feed. However, it is useful to 

"zoom in" and examine specific aspects of GE technology, as evidence suggests that different 

applications are perceived in vastly different ways. This chapter explores the reasons 

underpinning this differential reaction, including public values, framing and the specific 

characteristics of each application.  

This chapter covers several topics of interest. First, it examines the values held by the 

public that lead to differences in perception between applications of GE. Second, it explores the 

role of the media and the effect of framing on perception. Finally, this chapter investigates the 

differences between specific agricultural applications of GE technology, examining the literature 

on each and how different usages of GE relate to achieving sustainable food production.  

3.1 Inconsistencies and contrasts in the public perception between 

applications  

This thesis focuses on GE technology for agriculture. However, it is useful to compare 

agricultural applications of GE with medical applications, which are in general perceived 

differently by the public. For example, the public considers medical applications of GE to be 

highly useful and low in risk whereas GE applications for food are considered to present few 

benefits and are high in risk (Bauer, 2002). These differences highlight the key values that 

motivate public perception of GE, and thus inform the research questions underlying this thesis. 
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Research in public perception of GE technology shows that, at an aggregated level, 

perceptions differ between applications (Blaine et al., 2002; Mielby et al., 2013; Wunderlich & 

Gatto, 2015). This judgement results from an analysis of the risk/benefit balance, and the value 

one assigns to an application of GE technology based on the intended use and outcome of said 

application. Thus, GE technology for medicine is more positively perceived than GE applications 

for food. However much of this research looks as the perception of GE technology as a whole – 

medial and non-medical applications, animal feed and human food, for example  (Frewer et al., 

1997; Frewer & Shepherd, 1995; Gaskell et al., 2003; McHughen, 2007; Mielby et al., 2013; Pardo 

et al., 2002). Further, studies looking at the perception of GE for food often focus on factors 

affecting perception such as trust and knowledge, without making distinctions between the 

applications for food such as drought resistance, nutritional enrichments, or herbicide tolerance.   

Genes have been transferred from one species to another for both medical applications 

(e.g., the production of insulin, (Gualandi-Signorini & Giorgi, 2001) and for agricultural 

applications (e.g., Bt genes in corn for insect resistance), yet the applications are not perceived 

equally. Throughout the public sphere, GE applications for animal and human health either have 

been received positively, and at worst, not attracted any prolonged criticism or dissent. Such 

applications of GE technology are typically perceived as useful, relatively risk-free, more ethical, 

and are generally widely accepted (Frewer & Shepherd, 1995; Magnusson & Hursti, 2002). In 

contrast, opposition from the public has been primarily focussed on agricultural applications of 

GE technology, and particularly food products derived from GE crops. People are more likely to 

perceive GE positively where applications are used for the benefit of human health and for the 

environment (Moerbeek & Casimir, 2005). Agricultural applications of gene technology, 

particularly for the production of food, remain controversial and are generally regarded as less 

useful and presenting more risk to the consumer (Gaskell et al., 2003; Mielby et al., 2013). 

Additionally, people may reject GE technology for food when it presents no value to the 
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consumer, or is perceived to only be beneficial to producers and industry (Siegrist, 2008). These 

stark differences are further highlighted in a survey of European participants by Pardo et al. 

(2002), whereby the researchers found that 79% of respondents thought that GE for medical 

applications was useful, and 71% thought that is was morally acceptable. By comparison, 55% 

of participants thought that GE applications for agriculture was useful, and 62% that this was 

morally acceptable. 

3.2. Role of the media in communication of genetic engineering technology 

The media (newspapers, television, radio, and the internet) is a highly effective tool for 

communication, reaching far more people than those who would ordinarily seek out scientific 

information. The flow of scientific knowledge to the general public occurs primarily through 

these channels (Mcinerney, Bird, & Nucci, 2004; Wunderlich & Gatto, 2015).  However, reliance 

on the media for communication of genetic engineering technology can be problematic 

(Wunderlich & Gatto, 2015). In fact, unequal and critical media representation may be one 

reason for the divergent public perceptions of medical versus food applications. Applications of 

genetic engineering in popular media are not all given the same level of attention and critical 

review, nor are they represented equally in the public discourse. The public has been more 

consistently exposed to coverage on GE for agriculture than medical applications of GE, which 

has resulted in greater salience (McHughen, 2007; Mielby et al., 2013; Pardo et al., 2002). 

Additionally, the complexity of GE technology presents challenges in effective communication, 

and the propagation of information by the media can be incomplete or overly simplified, leading 

to incomplete knowledge and undue concern (Mcinerney et al., 2004).  

The extent of coverage of GE technology by the media does not reflect the scientific 

progress and rate of publication in scientific journals. A study by (Mcinerney et al., 2004) mapped 
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the publishing patterns and content of stories on GE technology of 17 major U.S. newspapers 

throughout the 1990s and early 2000s. They found that between 1992 and 1998, the number of 

articles published in scientific journals exceeded the number of articles published in all news 

sources 5. However, from 1998 to 2000 the number of articles published in all news sources more 

than quadrupled from less than 500 to over 2000. This increase in news articles did not reflect 

the number of scientific articles published over this same period, in which there was 

approximately a 50% increase (from 500 to <800).  

In addition to the extent of coverage, agricultural applications have been subject to 

greater critical review than medical applications (Matthes & Kohring, 2008). In a study of media 

coverage of GM food in Spain and the UK, Vilella-Vila and Costa-Font (2008) found that most 

newspaper articles were framed negatively, with the primary focus on risk and potential hazards 

the technology poses to the public. The researchers concluded that with the absence of media 

coverage highlighting the benefits of GE technology, an unsupportive attitude and zero-risk 

tolerance will continue to develop among members of the public, and eventually become the 

prevailing perception (Pardo et al., 2002). 

A review of papers reporting adverse effects of GE feed and food by Sánchez and Parrott 

(2017) found 35 articles that fit their review criteria. These 35 papers represent just 5% of all 

published studies assessing GE food and feed safety and each study failed to include at least one 

of the basic standards of scientific assessment, including but not limited to, failure to include a 

control group and appropriate statistical tests (P-hacking). These are the studies that tend to be 

featured in the media, prioritising risk communication (and therefore exaggerating the potential  

risks involved in using GE technology) over the benefits that GE technology presents (Frewer, 

 
5 Only in 1994 did the number of news articles on GE technology exceed that of articles published in 
scientific journals and the difference was less than 50.   
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Miles, & Marsh, 2002; Vilella-Vila & Costa-Font, 2008). This may be a result of the media’s 

responsibility to present a “balanced argument” providing “equal” representation of all 

concerned parties, particularly for controversial topics. However, equal opportunity does not 

equate to equal credibility (McHughen, 2007). 

3.3 Framing of GE technology  

Framing – that is, the words we use to describe GE technology – is another factor in the 

determinant of perception. Framing involves communicating with individuals, or groups, with 

an emphasis on a set of concepts or perspectives for persuasion by appealing to one’s values 

(Druckman & Bolsen, 2011; Nisbet & Huge, 2006). In other words, highlighting certain aspects 

of the technology over others, depending on what people consider valuable to them, can 

determine how information is interpreted and how the overall message is received. Therefore, 

the framing of GE technology, whether as trade, environmental or health issues likely influences 

attitudes of the technology at large. 

When it comes to policy making and the regulation GE technology for food, the issue is 

often conceptualised as an economic one (Ceccoli & Hixon, 2012). Economic framing tends to 

be more technical, not appealing to the public and limiting GE use to policy making. As a result, 

there have been very few media stories on GE technology for food framed in economic terms 

(Nisbet & Huge, 2006). A content analysis of media frames by Matthes and Kohring (2008) 

detailing the changing use of framing of biotechnology in the media found that the most 

frequently used frame between 1992 and 1996 involved the economic advantages (38%) of 

medical biotechnology. There was very little media coverage on agricultural applications of GE, 

thus their study could not characterise a frame for such usage. It was not until 1997 that media 
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coverage of agricultural applications increased; even then, while such applications were 

frequently framed negatively, medical applications continued to be framed positively.  

3.3.1 Defining a definition 

In addition to the framing issues above, the definition of biotechnology one chooses to 

use is also a matter of framing, which may have a small effect on perception (Bauer, 2002). 

“Genetic engineering,” “genetic modification,” “genetically modified organism,” and 

“biotechnology” are all used interchangeably (Mcinerney et al., 2004). However, the term 

“genetic modification” does not accurately describe a transgenic crop, as all crops are modified 

through selective breeding  (Delaney et al., 2018). Whilst these terms are all used to describe 

transgenic organisms, there is evidence to suggest that framing the technology as genetic 

engineering, genetic modification, genetically modified organisms, or agricultural biotechnology 

may influence the perception of the overall message. As briefly mentioned in chapter 1, this 

thesis only uses the term genetic engineering, including in the survey. This choice was made 

because, in a study conducted by Zahry and Besley (2017), framing food technology as GE rather 

than GM had a small effect on the consumers’ attitudes. Consumers believed that greater 

control of the technology could be exerted by government and scientists when the technology 

was framed as genetic engineering. Consequently, there may be some small benefit to framing 

the technology as GE – both in this thesis research and more generally. Additionally, it is more 

accurate to refer the technology as engineering than as modification, as selective breeding is 

more akin to the former. This idea of the terminology as a frame informed the careful use of the 

terms used in the present research.  



35 
 

3.4 Applications of genetic engineering 

This thesis focuses on food applications of GE technology. Informed by the discussion in 

Chapter 2 and above discussion of values, media and framing, three specific food applications 

were chosen for investigation. These are explained in the following sections. 

In the context of global food security and expression of public concern, three 

applications of genetic engineering were chosen for investigation: nutrient enrichment, insect 

tolerance, and herbicide resistance. Their qualities best reflected benefits to farmers and the 

areas of greatest concern expressed by the public. Each of these applications has benefits and/or 

risks that fall under three categories: human health, the environment and economic gain. 

3.4.1 Nutritional enrichment 

Agriculture over the course of human history has been refined and food production 

increased to support growing populations and provide the nutrients essential to human health. 

Achieving food security is not only dependent on availability of food, but its nutritional quality 

(Farre, Twyman, Zhu, Capell, & Christou, 2011). There are at least 49 nutrients that are essential 

to maintain healthy metabolic function in humans (FAO, 2017) and found in an appropriate diet. 

However, a diet lacking in even one of these nutrients poses risks to human health and childhood 

development, which leads to inhibited societal and economic growth (Welch & Graham, 2004). 

Through a varied diet, an individual can make up the nutrients that are lacking in a particular 

source. However, sufficient dietary variation is often limited to developed nations. Despite 

gradual improvements, each major food crop is lacking in one or more essential vitamins and 

minerals. Rice and wheat, for example, lack β-carotene, a pre-cursor molecule required for the 

synthesis of Vitamin A (Hefferon, 2015). People living in developing nations often lack the means 
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to afford the necessary dietary variation, or their access to variety is limited or impossible, with 

low income countries exhibiting the greatest risk. Two billion people suffer from micronutrient 

deficiencies, often lacking multiple micronutrients from their diet, leading to chronic health 

conditions (FAO, 2017). Children are particularly vulnerable; worldwide, one third of child deaths 

under the age of five are caused by a lack of food and the health and normal growth of one 

quarter of children is compromised due to malnourishment (FAO, 2017; Hefferon, 2015; Zhu et 

al., 2007). Clearly, malnourishment presents serious health issues in developing nations. 

Nutritional enhancement of staple food crops through biofortification (see discussion below) 

presents a viable solution to improving the health of millions of people.   

3.4.1.1 Biofortification  

Biofortification is the process by which micronutrient content and bioavailability in 

edible tissues of staple food crops are enhanced during plant growth. There are three ways by 

which biofortification has been successfully carried out: agronomic biofortification (mineral 

fertiliser), selective plant breeding, and genetic engineering. Each strategy for biofortification 

has strengths and weaknesses, limiting their use in certain situations (Carvalho & Vasconcelos, 

2013; De Steur, Mehta, Gellynck, & Finkelstein, 2017; Sanchez & Swaminathan, 2005; White & 

Broadley, 2005). Biofortification of starchy staple crops, such as rice, wheat, maize, millet, 

potato and legumes, are prioritised as these are the crops that dominate the diets of those most 

at risk of nutrient deficiencies6 (de Valença et al., 2017) 

 
6 It should be noted that the distribution of supplements to alleviate malnutrition has previously been 
employed. However, the practise has been marred by failure, as it is especially costly in regions with 
sparse populations (Hefferon, 2015).  
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In the case of agronomic biofortification, mineral fertilisers are applied directly to the 

soil or onto the foliage of a crop, primarily to optimise soil quality allowing for improved mineral 

uptake by food crops. Agronomic biofortification provides the simplest and quickest way to 

improve a crop's nutritional value; however, the overall success is highly variable (Hefferon, 

2015). Agronomic biofortification is limited to fortifying crops with mineral elements (e.g. iron, 

zinc, calcium, magnesium, selenium, iodine, and copper) (Zhu et al., 2007). Vitamins and their 

precursors are complex molecules and can only be synthesised in the plant, therefore these 

deficiencies cannot be addressed by mineral fertilisation (Bhullar & Gruissem, 2013; White & 

Broadley, 2009). A recent review of the effectiveness of agronomic biofortification by de Valença 

et al. (2017) demonstrates that nutrient enrichment and mineral uptake depends on several 

critical factors at three distinct stages: soil to crop; crop to food; food to human. In short, 

agronomic biofortification yields varying results with success from specific mineral and crop 

combinations. Agronomic biofortification is expensive, due to the need for regular application 

of fertilisers (Carvalho & Vasconcelos, 2013). de Valença et al. (2017) concluded that 

biofortification through genetic engineering may be more cost effective in the long run. 

3.4.1.2 Selective breeding vs genetic modification  

Most staple crops possess enough variation in the genes responsible for the production 

of essential vitamins and minerals that selective breeding strategies are adequate for nutritional 

enrichment (Zhu et al., 2007). For example, up to four fold variation of iron and zinc levels have 

been shown in rice genomes (Gregorio, Senadhira, Htut, & Graham, 2000). However, 

biofortification through selective breeding is limited by the gene pool that is selected from; there 

are many crops where selective breeding is simply not applicable.  
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The use of genetic engineering for biofortification for food shares most of the benefits 

as conventional breeding (it is appropriate for vitamins and mineral fortification, engenders a 

one-off cost of crop variety development, and supplies use for long-term strategies), but a 

distinct advantage is that the gene pool is not a limiting factor (Beyer, 2010; Bhullar & Gruissem, 

2013; Zhu et al., 2007). Perhaps the best-known example of biofortification through GE is Golden 

Rice, which is named for the yellow colour of the grains. The genes responsible for the synthesis 

of β-carotene do not exist in the rice genome in sufficient variation, nor are those genes 

expressed in the rice grains, for selective breeding to present a viable option for biofortification 

(Beyer, 2010). The introduction of two gene pathways into the rice genome was sufficient to 

allow β-carotene synthesis in the rice grains themselves (Bhullar & Gruissem, 2013) whereby 

100g of uncooked Golden Rice provides enough of the Vit A precursor, β-carotene, to provide a 

child with their recommended daily intake (Hefferon, 2015).   

Biofortification of crops through genetic engineering improves the bioavailability of 

essential nutrients and minerals, reducing diet deficiency related disease in developing nations. 

However, the low public acceptance and the resulting strict regulatory threshold has presented 

a significant obstacle to the development and commercialisation of this technology (Carvalho & 

Vasconcelos, 2013). As there are no GE biofortified crops available (Golden rice is also the only 

GE biofortified to be randomly trialled in humans), review of their economic effects is impossible 

(De Steur et al., 2017).  

3.4.2 Herbicide resistance 

Prior to the introduction to herbicide resistance traits, weed management practises 

were costly, time consuming and carried heavy environmental loads. Herbicide resistant (HR) 

crops offer a powerful weed management tool. Although there are a number of forms of 
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herbicide resistance, this thesis will focus on glyphosate resistance, as glyphosate resistance 

genes are present in the majority (98%) of HR crops (Brookes & Barfoot, 2017).  

HR crops of canola and cotton were first commercially grown in 1995. Very little change 

in weed management occurred over the course of the following year, until the introduction of 

glyphosate resistance (GR) in 1996, when the introduction of GR crops transformed weed 

management practises (Duke, 2015; Jacobsen et al., 2013). Adoption was rapid and has grown 

to become the most important trait in biotechnology. GR genes are present, either alone or 

combined with other traits, in almost 90% of genetically engineered crops planted worldwide – 

the most common of which are GR soybean (1996), canola (1996), cotton (1997) and maize 

(1999) (Brookes & Barfoot, 2017; Duke, 2017; Owen & Zelaya, 2005). Glyphosate is a broad-

spectrum herbicide: it will kill all vegetation in the area it is sprayed. Hence there was limited 

use for this herbicide following its discovery in 1970 (Benbrook, 2016). However, the 

development and commercialisation of GR crops has allowed for the widespread use of broad-

spectrum glyphosate-based herbicides, the introduction of which has reduced or replaced 

herbicides that were less effective, caused crop damage (whether directly or indirectly), 

required more complex weed management practises, and carried greater risks to the 

environment and human health (Brookes & Barfoot, 2017; Duke, 2015; Myers et al., 2016).  

3.4.2.2 Economic effects 

The introduction of GR crops in 1996 resulted in significant changes and improvements 

to weed management practises during a time where weeds were developing resistance to most 

selective herbicides (Green, 2016). A single herbicide containing glyphosate may be applied to 

GR crops without sustaining any injury to the crop. Additionally, reduced or abolished soil tillage 

have resulted in lowered cost of weed management and increased crop yield (Myers et al., 
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2016), providing economic savings and improved earnings for farmers (an estimated 5% increase 

of annual income in the US and Canada; see (Duke, 2015). Brookes and Barfoot (2014a, 2014b, 

2016, 2017, 2018) annual publications on the economic impact of herbicide resistant crops 

demonstrate that the economic benefits can vary within and between countries. However, from 

a global perspective economic benefits are substantial. The clear economic advantage of 

planting GR crops contributed to the rapid and prolific adoption of the technology. 

3.4.2.3 Effects on the environment 

In addition to the financial incentive of GE technology, there are numerous 

environmental benefits as well. Reduced tillage associated with glyphosate use results in the 

preservation of top soil which, in turn, reduces water pollution from sediment and nutrient run-

off, in addition to erosion of top soil by the wind (Duke, 2015; Green, 2012). Glyphosate has 

replaced other herbicides that remained persistent in the environment and groundwater and 

had greater toxicity to non-target species (Duke, 2015, 2017; Nelson & Bullock, 2003). Increased 

use of glyphosate does not translate to increased use of herbicides (Benbrook, 2016; Brookes & 

Barfoot, 2016). On the contrary, glyphosate is used in place of other herbicides, and smaller 

amounts are often needed to achieve effective weed management. Yet this has unintended 

consequences; on the one hand environmental impact of herbicide use is reduced, on the other 

this practise has resulted in evolution of glyphosate herbicide resistance in weeds. Overall, HR 

crops have lowered the impact of weed management practises on the environment, primarily 

due to glyphosate replacing other herbicides and reduced soil tillage (Carpenter, 2011; Cerdeira 

& Duke, 2006; Duke, 2015). 

Since the discovery of glyphosate in 1974 and the introduction of glyphosate resistant 

crops in 1996, global use of glyphosate-based herbicide has since increased 100-fold and by 
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fifteen-fold respectively. Over half of all glyphosate used world-wide (approximately 56%) is 

applied to glyphosate resistant crops (Benbrook, 2016; Green, 2016; Myers et al., 2016)  

However, increased use of glyphosate-based herbicides, combined with reduced diversity of 

weed management, have resulted in resistance evolving in weeds (Duke, 2015; Green, 2016). 

Twenty years on from the introduction of glyphosate resistant crops, the evolution of herbicide-

resistant weeds is occurring once again. Herbicide resistance in weeds is caused by rare 

mutations in the weed population, present before the application of herbicide. The individuals 

with resistance genes will possess increased fitness over those without resistance when exposed 

to the glyphosate; over time, the resistance genes will proliferate in the population as a 

herbicide is continually used (Heap, 2014). Presently, two hundred and twenty weed species 

have evolved resistance to herbicides, and thirty-eight species are resistant to glyphosate (Heap 

& Duke, 2018) (up from 24 in 2014; (Green, 2012; Heap, 2014). Overall, the rise of cases of 

herbicide resistant weeds has resulted in a decrease of the economic value of glyphosate 

resistance, and GE crops having to be stacked with multiple resistance traits.  

3.4.3 Insect pest resistance 

All plants possess resistance to insects to some extent, through evolved responses, but 

GE technology can introduce genes to crops to improve the resistance to pest species (Schuler, 

Poppy, Kerry, & Denholm, 1998). Bt maize and Bt cotton are the most commonly planted biotech 

crops, the first of which were commercialised in 1996 (Gatehouse et al., 2011). By the end of 

2017, insect resistant (IR) crops accounted for 12% of the global area (23.3 million hectares) of 

GE crops worldwide (ISAAA, 2017). 

Plant crops that have been engineered to possess increased insect pest resistance are 

primarily developed through the introduction of insecticidal proteins called Cry proteins. The 
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genes encoding these proteins originate in the soil bacterium Bacillus thuringiensis (Bt) (Carrière, 

Crickmore, & Tabashnik, 2015). Cry proteins disrupt the activity of the midgut in target insects 

(Fleming et al., 2018). Important differences in the structure of the binding sites between Cry 

proteins (of which there are many different types) and receptors in insect midgut allow for 

targeted insecticidal action. The absence of these receptors in vertebrates means that Cry 

proteins (and by extension, the consumption of Bt food products) present no risk to humans (de 

Maagd, Bravo, & Crickmore, 2001; Schnepf et al., 1998).  

3.4.3.1 Economic impacts 

Insects are a major pest of commercialised agricultural plantings, with an estimated 10-

20% of crop loss worldwide attributed to herbivorous insect species (Ferry, Edwards, Gatehouse, 

& Gatehouse, 2004). IR crops present a substantial benefit to farm income; in 2016 global gross 

income from IR maize and cotton were over $8.5 billion (US) combined (Brookes & Barfoot, 

2018). A review by Qaim (2010) found that Bt cotton plantings in India produced between 30%-

40% higher yield than conventional cotton crops, with this difference attributable to fewer crop 

losses from pest insect species. Several other studies have shown that Bt crops successfully 

reduce the density of pest species, and improved yield. Wu, Lu, Feng, Jiang, and Zhao (2008) 

found that non-Bt cotton had significantly higher numbers of Cotton Bollworm than Bt cotton. 

Similarly, Hutchison et al. (2010) found that Bt corn reduced the effect of the European Corn 

Borer and improved yield values by $6.9 billion across five states in the USA, and the effect was 

extended to non-Bt growers through suppression of the pests area wide.   

In sum, Bt crops are hugely successful in reducing the impact of lepidopteran pest 

species on crop yield. However, they present a solution to managing only a few groups of insect 
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pest species. Maintenance of a comprehensive pest management scheme is therefore essential 

(Naranjo, 2009; Wu et al., 2008). 

3.4.3.2 Environmental impacts 

The impact of Bt crops on the environment has been a topic of interest and concern 

amongst the public, but evidence suggests there are several ways that Bt crops can reduce the 

impact of agriculture on the environment. The planting of such biotech crops can result in 

reduced use of pesticides by somewhere between 37% and 41%, depending on the source, and 

reduce the cost of pest management by 39% (Klümper & Qaim, 2014; Lucht, 2015). In the US, 

since the introduction of Bt crops in 1996, there has been a reduction in the use of insecticides 

by 56 million Kg (Benbrook, 2012). Due to the specific action of Cry proteins with specific insect 

species, there have been no significant adverse effects on non-target species (Comas, 

Lumbierres, Pons, & Albajes, 2014). Additionally, by reducing the damage caused by insects, and 

improving crop yields, an additional 8.4 million tonnes of Bt corn was harvested in the US in 

2010. To achieve the same yield increase with non-Bt corn, an additional 875,000ha of cropland 

extensification would have been required to match this yield increase (Edgerton et al., 2012). In 

a review of the impact of GE crops on biodiversity, Carpenter (2011) found that IR crops have 

mitigated the impact of agriculture on biodiversity; this has occurred through the reduction of 

insecticide use overall  and the adoption of more benign insecticides.  

As with HR crops, a similar challenge of resistance in target pest species arises with the 

use of Bt crops. Sixteen cases of resistance to Bt crops were reported in 2016, which has 

increased from 5 cases in 2012 (Tabashnik & Carrière, 2017). There are strategies for alleviating 

the evolution of resistance by pest species. For example, Wu et al. (2008) describe the 

incorporation of areas of non-Bt “refuge” crops into Bt crop fields. A seemingly counterintuitive 
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strategy that actively encourages the proliferation of target insect pest species. This practise 

dilutes the genes encoding resistance to Bt toxin in target species populations and is effective in 

minimising the rate at which these pest evolve resistance. (Carrière et al., 2015).    

3.5 Additional benefits of genetic engineering 

Arguably, those who stand to gain the most from genetic engineering technology are 

small farmers and populations in developing nations (Aldemita et al., 2015; Qaim, 2010). Each 

of the applications of genetic engineering present varying benefits to the environment, human 

health and economic gains. Increased crop yield allows a farmer to grow more on the same 

amount of land. With most of the world's arable land already utilised with crop cultivation, 

sustainable crop intensification is essential. Competition and pressures imposed by weeds and 

pest insect species on crop growth are estimated to reduce productivity by an average of 28% 

worldwide every year (Lombardo, Coppola, & Zelasco, 2016). Through current use of genetic 

engineering applications, such as herbicide tolerance and insect pest resistance, an increase of 

21% in crop yield can be achieved (Klümper & Qaim, 2014). These yield increases did not occur 

directly through genetic yield potential, but through better pest management resulting in lower 

pest damage. Genetic engineering has so far reduced the hunger and poverty suffered by more 

than 65 million of the world's poorest people (Aldemita et al., 2015). 

3.6 Development of hypotheses 

The existing body of research exploring factors that influence the perception of GE 

technology is extensive, covering topics from pre-existing knowledge to the effects of wording. 

However, with few exceptions (e.g., Frewer et al., 1997; Magnusson & Hursti, 2002), much of 
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this work has not differentiated between GE applications, such as that used for medicine and 

agriculture.  

The present study aims to build on existing literature on the relationships between 

knowledge, trust, risk and benefit perception when it comes to public acceptance of genetic 

engineering technology. Additionally, it aims to measure attitudes towards specific applications 

of genetic engineering. The perceptions of three hypothetical wheat crops genetically 

engineered to possess targeted traits (improved nutritional value, greater resistance to insect 

pest species, and herbicide resistance) will be investigated. Each application presents different 

benefits to the consumer, farmer and the environment. The acceptance of each application will 

be investigated and how participants’ attitudes may change with the presentation of knowledge.   

The three applications of genetic engineering were chosen because they each 

contribute differently to securing sustainable global food production. Whilst there are areas that 

each application overlaps, there are clear and distinct advantages to each. For example, nutrient 

enrichment clearly contributes to micronutrient deficiencies, whereas herbicide resistance and 

insect pest resistance carry benefits for the environment. Furthermore, each presents an 

economic advantage, whether directly or indirectly. This study aims to compare perception of 

three agricultural applications before and after the presentation of a short informative 

paragraph explaining each application. Knowledge makes agricultural and medical applications 

of GE more differentiable. Additionally, the effect of scientific knowledge results in a greater 

value being assigned to some reasons for accepting or rejecting an application of gene 

technology over another. Therefore, different levels of knowledge ought to result in different 

perceptions of the same application.  

Therefore, this thesis aims to answer three questions to explore how knowledge and 

information affect perception. First, how does objective knowledge of genetic engineering affect 
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where participants place their trust (and accordingly, what trust-related concerns might 

participants express)? Trust in three groups will be explored: scientists who research and develop 

GE crops, regulators of the technology such as policy makers, and NGOs such as Greenpeace. In 

principle, the greater familiarity of GE technology demonstrated by participants, the fewer 

concerns they should express.  

Second, the thesis examines which of the three applications of GE crop is perceived to 

be the most acceptable? I hypothesise that participants will be more accepting of applications 

that directly benefit themselves. Following this, they should be more supportive of applications 

with environmental benefits and least accepting of the herbicide resistance application. Finally, 

I examine if an individual’s perception of the three applications change when they are presented 

with a short, scientifically accurate description of the application (i.e., increased knowledge). 
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Chapter 4 – Methodology 

This chapter explains the research methods and survey used to answer the previously 

stated research questions. Included in this chapter are the steps involved in writing the survey, 

data collection, and the statistical analyses used in data processing.  

4.1 Study participants and recruitment 

The survey was hosted by Qualtrics, a subscription software programme which 

automatically collects, and stores data, thus eliminating the need for data entry and allowing for 

immediate progression to statistical analysis. Postal and street distribution of the surveys was 

not used as a method of distribution due to the cost of printing and postage as well as the time 

investment that would have been required to distribute the material and for the completed 

surveys to be returned (Kaplowitz, Hadlock, & Levine, 2004).  

In May 2018, 320 survey participants were recruited through Amazon’s Mechanical Turk 

– a web service owned by Amazon that provides crowdsourcing service. MTurk has been shown 

to inexpensively provide high-quality data (Buhrmester, Kwang, & Gosling, 2011), however 

workers do tend to be overeducated which may affect assessment of knowledge (Paolacci & 

Chandler, 2014). Participants were adults (aged 18 years and over) and living in the United 

States. A total of 385 responses were recorded; however, 65 responses were discarded (40 of 

these were incomplete survey responses, 23 of these failed attention checks7, and 2 recorded 

 
7 Attention checks were questions that read “please select ‘agree nor disagree’ to show you are paying 
attention” to ensure that respondents were reading the questions and providing valid responses. 
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their age as under 18 years old) leaving a final sample size of 320 participants (171 female, 148 

male, 1 other; Mage = 37.4, SD = 13.0).  

Participants were randomly assigned to one of the three agricultural applications. A total 

of 106 participants (58 female, 48 male; Mage = 39.0, SD = 12.9) were assigned to the enhanced 

nutrition group; 109 participants (55 female, 53 male, 1 other; Mage = 35.9, SD = 13.3) were 

assigned to the insect pest resistance group, and; 105 participants (58 female, 47 male; Mage = 

37.3, SD = 12.7) were assigned to the herbicide tolerance group.  

4.2 Materials and procedure 

The GE survey developed for the current study was comprised of a total of 39 items, 

divided into four sections: demographics, knowledge and risk perception, assigned applications, 

and the exit questions.  

4.2.1 Demographics 

The first section of the survey comprised of three questions that collected demographic 

details of the participants. These included: date of birth (which could be selected from a drop-

down menu), gender and level of education attained (high school diploma, bachelor’s degree, 

graduate degree, or vocational). These were considered important information to collect as it 

has been shown that each can affect perception of genetic engineering, as previously discussed 

in Chapter 2.  
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4.2.2 Knowledge, perception and trust 

The second section of the survey was designed to answer the first research question and 

comprised of 13 items: one open-ended mandatory response, and twelve 1-7 Likert scale 

responses. Here, knowledge, risk perception and where participants place their trust was 

investigated.  

Directly following the three demographic questions, all participants were asked to 

“describe in your own words, your understanding of what genetic engineering is”. The responses 

from this open-ended question formed the basis for the knowledge assessment. Next, 

participants were presented with an explanation of the term “genetic engineering” along with 

two examples (see Appendix: 1, page 111). For the last part of this section, participants were 

asked to rate their agreement with a series of 12 statements concerning risk perception and 

where they placed their trust. For example, whether participants found the effects of genetic 

engineering on the environment to be concerning, or whether scientists are trustworthy.  

Responses to the 12 statements were given on a 1-7 point Likert scale.  

4.2.3 Randomly assigned application 

The third section involved participants being randomly assigned to one of three GE 

applications: nutrient enrichment, insect pest resistance, or herbicide tolerance. Participants 

were asked to imagine that a scientist had genetically engineered a wheat crop to: improve the 

nutritional value, to resist insect pest species, or to be tolerant to herbicides respective of the 

condition the participant had been assigned to (see Appendix: 1, pages 113, 116, and 119 for 

full application instructions and descriptions). In each assigned condition, participants were 

asked to rate their agreement with ten statements assessing risk perception, comfort of 

purchasing and consuming any GE food product derived from the GE crop, necessity to 
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investigate, and an attention check. For example, participants assigned to the nutrient 

enrichment group were asked whether they would purchase a food product containing a wheat 

crop genetically engineered to improve the nutritional value, whereas those assigned to the 

herbicide tolerance group were asked whether they would purchase a food product containing 

a wheat crop genetically engineered to be resistant to herbicide. Responses to these statements 

were recorded on a 1-7 Likert scale.  

Following this rating of statements, participants then read a short informative 

paragraph that outlined the assigned application. The three informative paragraphs each 

followed the same structure: the opening sentences introduced a problem within agriculture, 

the middle sentence presented an application of GE as a solution, and the final sentence outlines 

how the application helps solve the problem. For example, people living in developing nations 

often suffer from malnutrition as they rely on a single starch-based crop to provide most of their 

meals. Through genetic engineering, the nutritional value can be improved (see Appendix: 1, 

pages 113, 116, and 119 for full application descriptions). After participants read the informative 

paragraph, they were asked to rate their agreement with the same ten statements from before 

reading the paragraph to assess how information may alter perception8. 

There was no control group for this analysis as the second section of the survey 

investigated the correlation between prior knowledge and acceptance, and in the third section, 

participants served as their own control group by answering the same set of questions before 

as after reading about the application.  

 
8 The final section of the survey consisted of two exit items. The first asked participants how closely they 
read the survey and information, and the second asked how the information included in the survey may 
have changed how they think about genetic engineering. These items were not included in the final 
analysis for two reasons Firstly, the attention checks built into the survey made the first exit item 
redundant. The second exit question was excluded from the analysis in the interest of saving time. 
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Other than two written responses, the responses were recorded on a seven-point Likert 

scale from “strongly agree” (7) to “strongly disagree” (1).  

4.2 Assessing knowledge 

To evaluate participants knowledge of genetic engineering, responses from the open-

ended question “in your own words, please describe your understanding of what genetic 

engineering is” were coded using a pre-determined coding scheme and assigned a knowledge 

score between 0 and 6, where 0 indicated no knowledge and 6 indicated excellent knowledge  

4.2.1 Coding responses 

A summative approach to content analysis was adopted, and a predetermined coding 

frame was developed (see Table 4.3). A summative approach was deemed to be the most 

appropriate approach for this aspect of the study design as it allows for the exploration of the 

appearance and usage of key words, rather than to infer meaning or the identification of 

emerging themes (Hsieh & Shannon, 2005). However, this approach to content analysis is 

inherently biased. To minimise bias, key terms were identified using a standard, and objective, 

definition of GE - the definition of genetic engineering used in the survey and given in Chapter 1 

(1.1 Growth of Historical of Agriculture and Biotechnology to Modern Farming Systems). 

Additionally, the use of a pre-existing coding theme may lead to naturally emerging themes in 

people’s responses to be overlooked; however, identifying emerging themes was not the 

objective of this analysis.    

Coding themes were derived from key words included in the definitions of genetic 

engineering used in: 
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the survey: “Genetic engineering is a process that allows a scientist to alter genetic 

material, or DNA. This can be done by deleting a short section of DNA, or by transferring DNA 

from other individuals or species to another. The aim of this is to change physical 

characteristics of the organism. 

A genetically engineered crop is a crop that has undergone change to its genetic 

sequence, also known as its DNA. Those changes might be very small, like a single change in the 

DNA sequence that inactivates a particular gene. Or they might be large, such as taking a gene 

from an unrelated species and transferring it into another.” 

and in Chapter 1: “Genetic engineering, as defined by Ministry for the Environment, is 

“a form of biotechnology that alters the characteristics of living organisms by moving, altering, 

inserting or deleting genes within or between species” (GM NZ approach jun04, 2004). The 

mechanism involves the host genome of an organism being engineered with foreign donor genes 

and the associated regulatory sequences9”  

From these standard definitions, one can extrapolate three essential constructs that 

seem to reasonably reflect a participant’s knowledge of genetic engineering: 

• Identifying that DNA or genes are the focus of genetic engineering. 

• Knowing that the process involves manipulation, whether insertion of genes 

from another organism, or simply the deletion of a gene or genes. 

• The aim of genetic engineering is to alter gene function to produce a specific or 

desired outcome.  

 
9 Genetic engineering often involves the manipulation of regulatory sequences positioned before or 
after the gene in the DNA sequence, however I consider this to be beyond the knowledge of the lay 
person, therefore for the purpose of this analysis “gene manipulation” includes any changes to those 
regulatory sequences. 
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These three constructs can contain sub-categories for respondents that gave more 

specific answers. The more key words provided in answers, the more categories respondents fit 

into, and the more “points” they get. More “points” corresponds to a greater understanding of 

genetic engineering (i.e., the participant possesses a greater objective knowledge of genetic 

engineering technology). 
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Table 4.1. Key words used to code respondent’s knowledge based upon the definition of genetic 
engineering used in the research and survey. 

Key word or phrase used in 

participant’s answer 
Construct that keywords reflect  

“DNA” or “genes” 

Identification of the central element of genetic 

engineering. Use of the terms DNA, genes, genetic 

material is acceptable and interchangeable.  

Identification of genes 

Respondent shows an understanding that only 

specific/target genes are edited and that the process is 

highly specific. 

Alteration/manipulation of 

genes 

Respondent shows understanding that genes are 

changed somehow.  

Addition of genes 

Respondent expresses a greater level of understanding 

by acknowledging that genes can be added to an 

organism’s genome. 

Deletion of genes 

Respondent expresses a greater level of understanding 

by acknowledging that genes function can be removed 

from an organism’s genome. 

Aim to change the physical 

characteristics of an organism 

Participant demonstrates understanding that there are 

specific desired outcomes of genetic engineering.  

Not applicable, non-sensical 

answer 

The remarks did not fall within any of the above themes 

or were irrelevant to the topic at hand. Participants 

received no score if they fell into this category. 

A seven-point scoring system was adopted to measure the degree of understanding. A 

total score of 6 means that responses fit into all categories (excluding the NA category) and 

demonstrates the participant has the best possible understanding of genetic engineering under 

this system. A score of 0 equated to an answer that could not be coded into any of the 

categories, and therefore considered to be incorrect, or was non-sensical. Additionally, some 

responses were categorised with no points, even when they would have been categorised into 

DNA and manipulation groups, when it became clear that the participant was describing 

selective breeding. If any of these coding criteria were mentioned, but not in reference to 
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genetic engineering, the participant scored a zero. For example, “a process by which more 

favourable genetic traits are encouraged through selective breeding” would be coded with a 1 

based on the inclusion of DNA/genes language; however, as the response is describing selective 

breeding this would be marked as a zero.  

4.3 Quantitative data analysis 

Quantitative data and descriptive statistics were analysed using SPSS and GraphPad. 

4.3.1 Comparison of survey and population education 

 To determine the extent to which survey education was representative of the 

population, a chi sq test using a contingency table, GraphPad was used and contingency was 

calculated as a percentage. 

4.3.2 Quantitative measure of knowledge against risk perception and trust 

 The relationship between participant’s knowledge scores and the 12 questions exploring 

risk perception and trust, was assessed using a Spearman’s correlation analysis. A Bonferroni 

adjustment was used to account for multiple comparisons.   

4.3.3 Attitudinal measure of application, and application and information  

To test the attitudinal dependant measure, between the three agricultural applications, 

before and after the new information, and their interaction effects, a univariate ANOVA was 

carried out. A Levene’s test for equality of error variance was carried out to test the error 

variance of the dependant variable was equal across groups. A pairwise comparison (with 
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Bonferroni adjustment) was used to find differences between the levels of the independent 

variables. Lastly, post-hoc test of homogenous subsets for multiple comparison of observed 

means (REGWQ) was carried out for the application variable. This test gives good control for 

type I errors, and good power with samples of similar sizes.  
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Chapter 5 – Results 

This chapter presents the findings of the survey and describes the interactions between 

variables.  

5.1 Demographic sample characteristics 

The demographic characteristics of the sample are presented in Figure 5.1.  Of the 320 

respondents, 171 were female (53.4 percent), 148 were male (46.3 percent), and 1 other 

response (0.3 percent).  Respondent’s average age was 37.4 years (varying from 18 to 77 years 

of age).  Formal level of education attained by respondents: 70 had a high school diploma (21.9 

percent), 139 had a bachelor’s degree (43.4 percent), 73 had a graduate degree (22.8 percent), 

and 38 had a vocational qualification (11.9 percent)  

Table 5.1. Demographic sample characteristics of respondents.  

Demographic 

Total (n=320) Nutrient 

enrichment 

(n=106) 

Herbicide 

tolerance 

(n=105) 

Insect pest 

resistance 

(n=109) 

Female respondent (%) 53.4 54.7 55.2 50.4 

Average age (years)  37.4 (13.0) 39.0 (12.9) 37.3 (12.7) 35.9 (13.3) 

Education Level (%) 
    

Highschool diploma 21.9 22.6 23.8 19.3 

Bachelor’s degree 43.4 49.0 36.2 45.0 

Graduate degree 22.8 18.9 26.7 23.0 

Vocational 11.9 9.4 13.3 12.3 
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5.1.1 Sample representativeness – educational attainment 

To determine the extent to which participants of the survey were representative of the 

population of the USA, regarding their educational attainment, a chi squared test was performed 

The difference between the survey participant’s educational attainment verses the educational 

attainment from US census data was found to be significant (X2 = 140.53, df = 3, two-tailed P(X2 

> 140.53) < 0.0001) indicating that the survey is not representative of the sample population for 

the level of education attained by participants. Participants with a high school education were 

highly under-represented in the survey, making up only 22% of participants compared with 54% 

of US residents, and participants with a bachelor’s degree and graduate degrees were over-

represented in the survey samples compared with US census data (43% vs 23% and 23% vs 13% 

respectively). There was less than 1% difference between survey participants who had a 

vocational degree compared with US census data (see figure 5.1).  

 
Figure 5.1. Proportion of educational attainment of survey participants vs US census data.  
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5.2 Knowledge correlations 

To ascertain the degree to which participants were knowledgeable about genetic 

engineering (i.e., could they provide a standard definition of the technology), they were asked 

to give their definition of genetic engineering in an open-ended response. These responses were 

then coded according the coding scheme described in 4.2 (see table 4.3) Table 5.2 presents the 

percentages of people for each score. The average score of participants was 2.028 (S.D. 1.319). 

Table 5.2. Distribution of knowledge scores from the open-ended knowledge item.  

Score = 0 Score = 1 Score = 2 Score = 3 Score = 4 Score = 5 Score = 6 

18% 12% 31% 28% 6% 3% 0% 

5.2.1 Education vs knowledge correlation 

Overall 66% of participants had a bachelor’s degree or higher, compared with 36% of US 

residents from 2017 US census data. Therefore, to determine the degree to which education 

could predict participant knowledge of GE technology, a Spearman’s ranked correlation analysis 

was used to examine the relationship between these two variables.  The relationship between 

education and knowledge of GE technology was insignificant (rho = 0.030, two-tailed p = 0.593) 

indicating that education could not predict participant’s knowledge of genetic engineering.  

5.2.2 Knowledge and risk perception 

To establish whether any relationship between knowledge and risk perception exists, a 

spearman correlation analysis was carried out was used to compare knowledge scores with each 

risk perception item. (see table 5.3). There was no significant correlation found for any of the 

knowledge vs risk perception items.  
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Table 5.3. Spearman’s rho correlation between participants knowledge score and response to risk 
perception items. 

Risk Item: 
Correlation with knowledge 

(Spearman’s rho): 

“I am concerned about the effects of GE organisms on 

the health of humans” 
-0.03, p = 0.594 

“I am concerned about the escape of modified genes into 

wild populations” 
-0.035, p = 0.529 

“I am concerned about non-target species being affected 

by GE crops” 
0.017, p = 0.761 

“I am concerned about the effects of genetically 

engineered organisms on the health of the environment” 
-0.011, p = 0.84 

5.2.3 Knowledge and trust 

To ascertain the degree to which knowledge affects where people place their trust, a 

Spearman’s rank correlation analysis was used to compare participant’s knowledge score 

against responses given in the following three items: “the regulators of genetic engineering are 

trustworthy”, “the researchers developing genetic engineering technology are trustworthy”, and 

“watchdog groups, such as Greenpeace, are trustworthy”. No correlation was found between 

participant’s knowledge scores and participant’s trust in regulators of GE technology (Rho = 

0.001, p = 0.988), a small positive correlation was found between knowledge score and trust in 

researchers developing GE technology was found to exist (rho = 0.111, p = 0.048) and no 

significant correlation was found for knowledge score and trust in watchdog groups, however 

the trend was slightly negative (rho = -0.102, p = 0.068) 
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Table 5.4. Spearman’s rho correlation between participants knowledge score and response to three trust 
items 

Survey Item: 
Correlation with knowledge 

(Spearman’s rho) 

“The regulators of genetic engineering are 

trustworthy” 

0.001, p = 0.988 

“The researchers developing genetic engineering 

technology are trustworthy” 

0.111*, p = 0.048 

“Watchdog groups, such as Greenpeace, are 

trustworthy” 

-0.102, p = 0.068 

 

  



62 
 

Table 5.5. Spearman’s correlation analysis between all items; knowledge and responses to perception items. N = 320. 
   

Knowledge 
score 

Item 2: Item 3: Item 4: Item 5: Item 6: Item 7: Item 8: Item 9: Item 10: Item 11: Item 12: Item 13: 

Knowledge score: 
rho 1 -0.03 0.035 0.017 -0.011 .159** .152** 0.075 0.05 .180** -0.001 .111* -0.102 

p . 0.594 0.529 0.761 0.84 0.004 0.007 0.182 0.375 0.001 0.988 0.048 0.068 

Item 2: I'm concerned about 
the effects of genetically 
engineered organisms on the 
health of humans. 

rho -0.03 1 .458** .682** .746** .305** -.119* -.442** .561** -.347** -.511** -.402** .210** 

p 0.594 . 0 0 0 0 0.034 0 0 0 0 0 0 

Item 3: I'm concerned about 
the escape of modified genes 
into wild populations. 

rho 0.035 .458** 1 .419** .442** .153** -.131* -.303** .290** -.207** -.234** -.297** .113* 

p 0.529 0 . 0 0 0.006 0.019 0 0 0 0 0 0.044 

Item 4: I'm concerned about 
non-target species being 
affected by genetically 
engineered crops. 

rho 0.017 .682** .419** 1 .804** .375** -0.086 -.336** .602** -.174** -.426** -.359** .249** 

p 0.761 0 0 . 0 0 0.124 0 0 0.002 0 0 0 

Item 5: I'm concerned about 
the effects of genetically 
engineered organisms on the 
health of the environment. 

rho -0.011 .746** .442** .804** 1 .324** -.123* -.385** .603** -.253** -.473** -.350** .276** 

p 0.84 0 0 0 . 0 0.028 0 0 0 0 0 0 

Item 6: Large companies will 
profit from genetic 
engineering technology. 

rho .159** .305** .153** .375** .324** 1 .132* -.128* .455** .215** -.249** -.141* .154** 

p 0.004 0 0.006 0 0 . 0.018 0.022 0 0 0 0.011 0.006 

Item 7: Farmers will profit 
from genetic engineering 
technology. 

rho .152** -.119* -.131* -0.086 -.123* .132* 1 .458** -.125* .308** .164** .262** -0.041 

p 0.007 0.034 0.019 0.124 0.028 0.018 . 0 0.026 0 0.003 0 0.47 

Item 8: Consumers will profit 
from genetic engineering 
technology. 

rho 0.075 -.442** -.303** -.336** -.385** -.128* .458** 1 -.308** .439** .351** .459** -.181** 

p 0.182 0 0 0 0 0.022 0 . 0 0 0 0 0.001 

Item 9: I'm concerned about 
economic exploitation of 
genetic engineering 
technology. 

rho 0.05 .561** .290** .602** .603** .455** -.125* -.308** 1 -0.098 -.480** -.274** .238** 

p 0.375 0 0 0 0 0 0.026 0 . 0.079 0 0 0 

Item 10: Genetic engineering 
is a technology worth 
researching. 

rho .180** -.347** -.207** -.174** -.253** .215** .308** .439** -0.098 1 .321** .396** -.185** 
p 0.001 0 0 0.002 0 0 0 0 0.079 . 0 0 0.001 

Item 11: The regulators of 
genetic engineering 
technology are trustworthy. 

rho -0.001 -.511** -.234** -.426** -.473** -.249** .164** .351** -.480** .321** 1 .471** -.212** 
p 0.988 0 0 0 0 0 0.003 0 0 0 . 0 0 

Item 12: The researchers 
developing genetic 
engineering technology are 
trustworthy. 

rho .111* -.402** -.297** -.359** -.350** -.141* .262** .459** -.274** .396** .471** 1 0.008 
p 0.048 0 0 0 0 0.011 0 0 0 0 0 . 0.88 

Item 13: Watchdog groups, 
such as Greenpeace, are 
trustworthy. 

rho -0.102 .210** .113* .249** .276** .154** -0.041 -.181** .238** -.185** -.212** 0.008 1 
p 0.068 0 0.044 0 0 0.006 0.47 0.001 0 0.001 0 0.88 . 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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5.3 Perception of agricultural applications 

To gauge the attitudinal response to the agricultural application of genetic engineering, 

participants were asked to rate a series of statements. A two-way repeated measures ANOVA 

was carried out to determine the between-subject effects of the independent variables: 

application (between subjects), and information (within subjects). 

 The vertical axis “Response” indicates the mean score of each independent variable 

level, where 7 is “strongly agree” and 1 is “strongly disagree” The results are presented below. 

5.3.1 Risk perception 

5.3.1.1 Perceived risk to human health 

To assess attitudinal response of perceived risk to human health, participants were 

asked to rate their agreeance with the following statement: “This application poses a risk to 

human health” where 7 is strongly agree, and 1 is strongly disagree. 

In this analysis, the Levene’s test of equality of error variance gave a significant result 

(mean = 3.480; p = 0.004), indicating that the error variance was not equal across groups. 

However, as a univariate analysis of variance is robust to this error, the analysis was continued.  

No significant difference was found for the tests of between-subject effects for the 

perception between applications (df = 2; F = 1.581; p = 0.207; partial R2 = 0.005), or for before 

and after the presentation of information (df = 1; F = 1.377 ; p = 0.0.482; partial R2 = 0.001) or 

interaction of the two independent variables (df = 2; F = 2.635; p = 0.389; partial R2 = 0.003). 

Post-hoc (R-E-G-W-Q) for homogeneous subsets confirms this result.  
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Figure 5.3.1 provides the mean responses of each factor. There was no difference in the 

perception to human health between applications, nor any change to perception with 

information. Although a non-significant result, nutritional enrichment (mean = 3.9; S.D. = 1.62) 

was perceived to be least risky to human health. However, perceived risk slightly increased after 

participants were presented with new information.  

 
Figure 5.2 Average response scores of participants across applications, and before and after presentation 
of information for risk perception to human health. Error bars: 95% CI.  

5.3.1.2 Perceived risk to the environment 

To gauge the attitudinal response of perceived risk to the environment, participants 

were asked to rate their agreeance with the following statement: “This application poses a risk 
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disagree.  
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a significant difference in perception between applications (df = 2; F = 11.465; p = 0.000; partial 

R2 sq = 0.035). The partial R2 value of 0.035 indicates that 3.5% of the variance in the dependant 

variable is due to the application condition. Pairwise comparisons indicate that attitudinal 

response for nutrient enrichment (mean = 3.906; SD = 1.591) was statistically significant from 

herbicide tolerance (mean difference = -0.761; p = 0.001) from insect pest resistance (mean 

difference = -0.425; p = 0.022). Herbicide tolerance and insect pest resistance were not 

significantly difference from each other (p= 0.102). Post-hoc (R-E-G-W-Q) for homogeneous 

subsets confirms this result. 

No significant difference in the response variable was found before and after 

information (df = 1; F = 0.200; p = 0.665; partial R2 = 0.002) or in the interaction of the two 

independent variables (df = 2; F = 0.541; p = 0.582; partial R2 = 0.002).  

 
Figure 5.3. Average response scores of participants across applications, and before and after presentation 
of information for perception of risk to the environment. Error bars: 95% CI 
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“somewhat agreed” with the statement “this application poses a risk to the environment”, 

whereas participants “neither agreed nor disagreed” with the risk of the nutritional enrichment 

application10. The mean response for nutritional enrichment (M = 3.906; SD = 1.591) was 

significantly different from both herbicide tolerance (M = 3.986; SD = 1.842; p = 0.000) and insect 

pest resistance (M = 4.330; S.D. = 1.606; p = 0.022), no difference was found to exist between 

herbicide tolerance and insect pest resistance. Overall, participants had a neutral perception of 

risk to the environment for nutrient enrichment, whereas herbicide tolerance and insect pest 

resistance were perceived to be riskier, and equally risky. It should be noted that the effect size 

for the application level was small (R2 = 0.035).  

5.3.2 Benefit perception 

To gauge the attitudinal response of perceived benefit, participants were asked to rate 

their agreeance with the following statement: “This application presents a great deal of benefit” 

where 7 is strongly agree, 4 is neither agree nor disagree, and 1 is strongly disagree. 

Levene’s test statistic retuned a non-significant result, indicating that the error variance 

of the dependant variable was equal across all groups. A test of between-subject effects found 

a significant difference in perception before and after information (df = 1; F = 3.856; p = 0.050; 

partial R2 = 0.006). The partial R2 value of 0.006 indicates that 0.6% of the variance in the 

dependant response variable is due to the information independent variable. No significant 

difference in the response variable was found between applications (df = 2; F = 1.987; p = 0.138; 

 
10 The use of Likert scale responses with “neither agree nor disagree” acting as a proxy for neutral 
response removes options for those who are unsure or don’t know. Agreeing or disagreeing with a 
statement is not the same as not having an opinion or not knowing, an option which the use of this scale 
does not account for.  
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partial R2 = 0.006) or in the interaction of the two independent variables (df = 2; F = 0.76; p = 

0.927; partial R2 = 0.000).  

Mean scores show that each application is perceived to be beneficial, there was no 

significant difference between applications, however pairwise comparison indicates that 

responses before are significantly difference from those after (p = 0.05), the mean score of the 

response variable increased after participants read an informational paragraph.  

 
Figure 5.4. Average response scores of participants across applications, and before and after presentation 
of information for the perception of benefit. Error bars: 95% CI.   

5.3.3 Ethical perception 

To gauge the attitudinal response of perceived ethics, participants were asked to rate 
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where 7 is strongly agree, 4 is neither agree nor disagree, and 1 is strongly disagree. 

Levene’s test statistic retuned a non-significant result, indicating that the error variance 
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no significant difference in perception between applications (df = 2; F = 1.000; p = 0.368; partial 

R2 = 0.003), before and after information (df = 1; F = 2.209; p = 0.138; partial R2 = 0.003) or 

interaction of the two independent variables (df = 2; F = 0.122; p = 0.885, partial R2 = 0.000). 

Figure 5.3.4 provides the mean responses of each factor. Although no significant differences 

were found between the independent variables, mean response indicates that participants 

perceived each application to be somewhat ethical, however each application was perceived to 

be less ethical after participants were presented with new information. 

 
Figure 5.5. Average response scores of participants across applications, and before and after presentation 
of information for ethical perception. Error bars: 95% CI.     
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wheat crop genetically engineered to improve the nutritional value would be healthier than 

eating a food product with the un-modified wheat crop”. Responses from these three 

statements were combined and averaged, where 7 is strongly agree, 4 is neither agree nor 

disagree, and 1 is strongly disagree. 

A test of between-subject effects found a significant difference in perception between 

applications (df = 2; F = 10.635; p = 0.000; partial R2 = 0.032). The partial R2 value of 0.032 

indicates that 3.2% of the variance in the dependant variable is due application. No significant 

difference in the response variable was found before and after information (df = 1; F = 0.820; p 

= 0.365; partial R2 = 0.001) or in the interaction of the two independent variables (df = 2; F = 

1.800; p = 0.166; partial R2 = 0.006).  

Pairwise comparisons indicate that attitudinal response for nutrient enrichment (mean 

= 4.619) was statistically significant from herbicide tolerance (mean = 4.023; p = 0.00) and insect 

pest resistance (mean = 4.157; p = 0.002). Herbicide tolerance and insect pest resistance were 

not significantly difference from each other (p= 0.959). Post-Hoc test (Tukey HSD) confirmed this 

result. These results indicating that participants are more comfortable with genetic engineering 

for nutritional enrichment. 
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Figure 5.6. Average response scores of participants across applications, and before and after presentation 
of information for three comfort items. Error bars: 95% CI. 
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Table 5.6. Averaged responses of all items presented above, where significant differences are indicated by 
* (p = 0.05). 

Perception item  
Herbicide 
tolerance 

Insect pest 
resistance 

Nutritional 
enrichment 

Total  

“this application poses a risk to 
human health” 

Before 4.0571 3.8532 3.5566 3.8219 

After 3.9143 3.9725 3.8585 3.9156 

Total  3.9857 3.9128 3.7075 3.8688 

“this application poses a risk to the 
environment” 

Before 4.5429 4.3578 3.9151 4.2719 

After 4.7905 4.3028 3.8962 4.3281 

Total  4.6667 4.3303 3.9057* 4.3000 

“this application presents a great deal 
of benefit” 

Before 4.8762 5.0367 5.0943 5.0031* 

After 5.0381 5.2844 5.3585 5.2281* 

Total 4.9571 5.1606 5.2264 5.1156 

“this application is ethical” 

Before 4.7524 4.7339 4.8962 4.7937 

After 4.4667 4.5780 4.7547 4.6000 

Total 4.6095 4.6560 4.8255 4.6969 

“I would feel good eating a food 
product containing a wheat crop 
genetically engineered to…” 

Before 4.076 4.156 4.528 4.253 

After 4.019 4.229 4.811 4.353 

Total 4.048 4.193 4.670* 4.3031 

“I would purchase a food product 
containing a wheat crop genetically 
engineered to…” 

Before 4.3429 4.3028 4.6415 4.4281 

After 4.1524 4.5413 4.6509 4.4500 

Total 4.2476 4.4220 4.6462 4.4391 

“Consuming a food product 
containing a wheat crop genetically 
engineered to (…) would be healthier 
than eating a food product with the 
un-modified wheat.” 

Before 4.0667 4.3394 4.3962 4.2688* 

After 3.5143 3.3761 4.6887 3.8563* 

Total 3.7905 3.8578 4.5425* 4.0625 

Comfort consuming: combined 
responses for the three comfort 
items.  

Before 12.4857 12.7982 13.5660 12.9500 

After  11.6857 12.1468 14.1509 12.6594 

Total 12.0857 12.4725 13.8585* 12.8047 
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Chapter 6 – Discussion 

6.1 Knowledge and perception  

The first of the three questions this thesis aimed to answer was how objective 

knowledge of GE technology influences where participants place their trust, and relatedly, what 

concerns participants might express. Trust in three groups were explored: scientists who 

research and develop GE crops, regulators of the technology such as policy makers, and NGOs 

such as Greenpeace. Given the differences in the framing used by NGOs, research institutes and 

the government, it was expected that knowledge would correlate with trust in government and 

scientists, and negatively correlate with trust in watchdog groups, such as Greenpeace. 

Additionally, it was expected that the greater the knowledge demonstrated by participants, the 

lower their perception of risk. 

6.1.1 Knowledge assessment 

Participants were found to be reasonably knowledgeable on genetic engineering with 

an average knowledge score of 2.028 (S.D. 1.319) and more than 80% of participants scoring at 

least 1 point. Furthermore, 18% of participants had knowledge scores of 0 (see Table 4.3 for 

coding scheme for open-ended knowledge responses, and Table 5.2 for knowledge scores).  

The responses to the open-ended item “describe in your own words, your 

understanding of what genetic engineering is” demonstrated the range of comprehension of 

genetic engineering amongst the participants. A few examples of the range of responses are 

listed below with participant knowledge score assigned to that response: 
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“where it is modified” - knowledge score: 0 

“Genetic engineering is when genes are altered in an already living thing to create an 

entirely new form of that living thing. For examples, pesticides can be genetically engineered into 

seeds to be part of the plant.” - Knowledge score: 3 

“Changing a section of an organism's genetic code.  It can be to insert new genes or 

suppress existing ones.” - Knowledge score: 5  

 “It is the manipulation of an organism's genetic material to create a more desirable 

qualities, such as more marketable color or taste, superior disease resistance, etc.” - Knowledge 

score: 3 

“Genetic engineering is changing an organism at the level of DNA. In other words, it’s 

when you change the genes of an organism in some manner.” – knowledge score: 1  

“Modifying a plant or animal's DNA to produce more of a certain thing cheaper and 

quicker.” – knowledge score: 3 

“Genetic engineering is the deliberate, controlled manipulation of the genes in an 

organism, with the intent of making that organism better in some way.” – knowledge score: 4 

“Manipulating cells, dna, etc to produce outcomes than might not occur otherwise” – 

knowledge score: 1 

“Genetic engineering is altering the compound makeup of normally an organic substance 

and changing the compound in some manner. Normally this is done to improve a characteristic 

of something.” - Knowledge score: 0  
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“When the DNA can be modified to make an offspring according to your desires. It is 

beneficial in getting rid of genetic diseases before the baby is even born.” – knowledge score: 2 

Responses such as these indicate that most people have a reasonable comprehension 

of genetic engineering and what is involved in the process. Indeed, 69% of participants 

demonstrated that they understood genetic engineering involved the manipulation (and 

appropriate synonyms) of genetic material. However, of these participants only 8.6% (5.9% of 

total sample) showed that they understood that only specific genes are targeted or edited in 

this process. Additionally, 40% of participants demonstrated they understood that there are 

specific and desired outcomes of genetic engineering to change the physical characteristics of 

an organism. Some of the responses indicated that there may be some gaps in public knowledge, 

whereby the distinction between selective breeding and genetic engineering is unclear. For 

example: 

“Genetic engineering is when you alter the genes of an organism either by inserting or 

splicing in genes from an outside source, by selective breeding, or by altering the genes in some 

other way. This is done to produce specific desirable characteristics in the genetically engineered 

organism.” – knowledge score: 5 

“a process by which more favorable genetic traits are encouraged through selective 

breeding” – knowledge score: 0  

“selectively breeding animals or plants for desired characteristics” – knowledge score: 0  

The predetermined, summative approach used to code participants’ definitions was 

thought to be the most suitable method to identify the use of key words, rather than identifying 

emerging themes (Hsieh & Shannon, 2005). However, despite the best effort made to quantify 

participants’ knowledge in this manner, this approach may still have failed to encapsulate the 
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diversity and nuance of comprehension. Additionally, a prerequisite for respondents was that 

they must first demonstrate that they understood that it was the genetic material, genes, or 

DNA that was to be altered in some way. Failure to use these key words, or equivalent, would 

result in an automatic knowledge score of 0. Therefore, responses such as the following were 

coded as 0: 

“Genetic engineering is when scientists are in a lab and can modify cells to whatever 

they're trying to achieve.” - Knowledge score: 0 

“the science that studies human genes to create new scientific developments” – 

knowledge score: 0 

As the above examples demonstrate, there are substantial differences in the responses 

given to this open-ended knowledge question, even within responses that were coded with the 

same knowledge score. 

 Unlike many previous studies where knowledge has been assessed through indirect 

knowledge of biological facts, or “textbook” understanding of science through a series of 

true/false questions (Allum et al., 2008; Mielby et al., 2013), in the present study knowledge was 

framed as depth of understanding or comprehension of GE. According to Miller (1998), open-

ended type enquiry into scientific literacy provides a greater insight into the nuances of public 

understanding of science. However, these types of open-ended items are much harder to assess, 

requiring skilful and careful coding, and are a source of fatigue to participants resulting in an 

increase in participant drop out. In other words, the use of an open-ended response item allows 

the researcher to better determine the extent of knowledge and identify where gaps in public 

knowledge exist. Close-ended or true/false type items provide researchers with a narrower or 

static assessment of public knowledge, by comparison. With hindsight, the comprehension 
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frame of knowledge assessment used in this study may not have been utilised to the fullest 

extent that it potentially presented.  

6.1.2 Education as a potential limiting factor 

The online crowd-sourcing service used in this study, Mechanical Turk, does provide 

high-quality data, however workers tend to be overeducated (Paolacci & Chandler, 2014). This 

may lead to a higher knowledge score in the survey participants than would be representative 

of the population. Indeed, the survey participants were significantly more educated than the 

general population (see figure 5.1). Despite a number of previous studies showing a positive 

correlation between education and knowledge of GE technology (House et al., 2004; Magnusson 

& Hursti, 2002; Mielby et al., 2013; Vecchione et al., 2015) the results of this study found no 

such correlation between education and knowledge of GE technology. Thus, the apparent 

overeducation of survey participants was not considered to be a limiting factor for the 

assessment of participant knowledge. However, a study conducted by House et al. (2004) found 

that demographic variables had a significant effect on willingness to accept genetic engineering 

technology, where those with university education were most accepting. Hudson et al. (2015); 

McComas et al. (2014) found similar results. Therefore, the perceptions of participants in the 

present study may be more positive than would be representative of the general population of 

the USA.   

Additionally, participants were asked to state the level of education attained and 

equated this to greater knowledge of GE technology. However, there are vast differences in the 

content of courses past high school (comparing a science degree vs a commerce degree, for 

example) and the degrees that fall under a bachelor’s or post-graduate degree cannot be 

equivalent. Level of education does not reflect a scientific background. However, as previous 
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researchers have not distinguished between types of education either, this is unlikely to be the 

cause of the difference found in the present study. More likely it was the way knowledge was 

measured, which will be discussed in more detail at the end of this section.  

6.1.3 Knowledge, risk and trust 

Hypothesis 1, which examined the relationship of objective knowledge with risk 

perception and trust, was not supported for risk perception and only partially supported for 

trust. In fact, the only item supporting this hypothesis was trust in researchers positively 

correlating with knowledge, with no correlation between participants’ knowledge score and the 

four risk items (see table 5.5). These findings did not support the hypothesis that greater 

objective knowledge of genetic engineering would correlate negatively with perceived risk of 

the technology. In other words, the expectation that the more knowledgeable a participant was, 

the lower their perception of risk was not met.  

A study of knowledge types on consumer risk perception by Klerck and Sweeney (2007) 

does revealed similar findings. The researchers found that objective knowledge of genetic 

engineering significantly reduced consumer feelings of anxiety and concerns about food quality 

but did not reduce the perceived risk of physical risks – that is effects on the environment and 

human health (the items examining risk perception in the present study would have been 

categorised as physical risks in the study by Klerck and Sweeney (2007). Additionally, when 

objective knowledge was low, subjective knowledge had a greater role in increasing the 

perceptions of physical risk (Mielby et al., 2013).  

Examining the relationship between objective knowledge and trust in the different 

groups (i.e., scientists who research and develop GE crops, regulators of the technology such as 

policy makers, and NGOs such as Greenpeace), the results partially supported the hypothesis 
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that objective knowledge would predict which groups were perceived as more trustworthy. 

There was only a slight positive correlation (Table 5.5) found between objective knowledge and 

trust in researchers developing genetic engineering technology, partially supporting the first 

hypothesis. No correlation was found to exist between knowledge and trust in governing or 

regulatory groups, or trust in watchdog groups. These results indicate that knowledge may have 

some small effect on the ability to differentiate between sources of information that are 

accurate.  

Overall, these results provide limited evidence that objective knowledge of genetic 

engineering has a relationship with where people place their trust. By contrast, such knowledge 

had no bearing on people’s perception of physical risks, indicating that other factors contribute 

to attitude formation of GE technology.   

The relationship between knowledge and acceptance is chaotic and has been measured 

numerous times with contradicting results. This may be due to the difficulty of measuring the 

concept of knowledge. Indeed, according to House et al. (2004, p.113) the “impact of knowledge 

on consumer acceptance of GM foods has been measured in a number of studies with 

contradictory results,” leading the researchers to conclude that the significance of knowledge 

varies by how it is measured.  Mielby et al. (2013), who framed their questions as a “textbook” 

enquiry, found a significant relationship between a general scientific knowledge and acceptance, 

indeed as do many other studies that compare general knowledge of science with acceptance 

of GE technology (Ceccoli & Hixon, 2012; House et al., 2004). On the other hand, studies have 

also shown that knowledge may be a predictor of strength of attitudes, rather than of their 

valence (Klerck & Sweeney, 2007; Pardo et al., 2002). Either way, the results of the current study 

reveal only modest evidence to suggest that objective knowledge contributes to attitudes of 

genetic engineering. 
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6.1.4 Trust and risk perception 

Whilst the relationship between risk perceptions were not a focus of this study, there 

were some unexpected correlations between these sets of items (see table 5.5). Of particular 

interest were the correlations between risk perceptions and where people placed their trust.  

A positive correlation was found between trust in watchdog groups, such as 

Greenpeace, and the perceived risk of GE technology to human health, escape of modified 

genes, effect on non-target species, and effects on the environment. These items had a small 

effect size, and three out of four of these items were significant at the 0.01 level. Conversely, 

trust in regulators and trust in researchers correlated negatively with the same risk perception 

items. Six of these eight items had medium to large effect sizes and were all significant at the 

0.01 level. The effect size for the correlation between perceived risk of escape of modified genes 

for both trust in regulators and researchers was small, but also significant at the 0.01 level. The 

difference in the strength of these correlations suggests that people who perceive few physical 

risks and place their trust in regulators and researchers are more confident in their attitude 

decision making than those who perceive GE technology as risky and place their trust in NGOs. 

Furthermore, participants who indicated that they believed GE technology was worth 

researching correlated positively with trust in regulators and researchers, and negatively with 

trust in watchdog groups.  

As previously discussed in 2.4, social trust helps people assess the risks or benefits 

associated with a novel technology when their own knowledge is poor. As most people have 

little knowledge of genetic engineering technology, trust is a valuable determinant of attitudes. 

Similar to the present study, Siegrist (2000) found a similar relationship between trust and risk 

perception, whereby the trust placed in scientists and companies researching and developing 

gene technologies had a strong effect on the overall risk or benefit perceived with those 
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technologies. Trust in scientists positively impacted perceived benefit, and a lack of trust 

increased the perceived risk concluding that trust is an important determinant of attitude 

formation. If people place their trust in Greenpeace, for example, they will be exposed to a more 

negative rhetoric compared with those who trust regulators and researchers.  

Although speculative, people may be aligning themselves based on pre-conceived 

notions of risk perception. The causal relationship between trust and risk perception cannot be 

discussed here based on the evidence in this thesis. Further research could look at whether trust 

is dependent on risk perceptions, whether people trust based on pre-existing beliefs, or whether 

risk is dependent on where people place their trust.   

6.2 Perception of agricultural applications of GE technology 

The second hypothesis this thesis aimed to address was how perception of GE 

technology used for agricultural purposes would differ between applications of the technology. 

Based on the differences found to exist between medical applications and applications for food 

production, it was also expected that the nutritional enrichment application would be perceived 

most positively. The descriptive statistics (see table 5.6) show that participants were generally 

more negative towards the applications for herbicide tolerance and insect pest resistance and 

held more positive attitudes towards the applications for nutritional enrichment, partially 

supporting the second hypothesis.  

No significant difference was found to exist between the three applications and the 

perceived risk to human health, and the average responses indicated that participants were 

neutral about the risk to human health (see table 5.6). However, the application nutritional 

enrichment was perceived to be significantly less risky to the environment than either herbicide 
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tolerance or insect pest resistance. Despite the participants perceiving greater risks associated 

with herbicide tolerance and insect pest resistance applications, each application was perceived, 

on average, to be “somewhat” beneficial and ethical. Additionally, there was no significant 

difference between applications, meaning that each application was perceived to be equally 

beneficial and equally ethical. These results are similar to findings of Magnusson and Hursti 

(2002) who also found that, of nine applications of GE for food production, participants held 

more positive attitudes towards “rice with a higher iron and β-carotene content” which 

presented the greatest benefit, least unethical, most healthy and served a good purpose.   

Interestingly, despite an application being perceived as risky, participants also saw 

benefit in its use. Where herbicide tolerance and insect pest resistance were perceived to be 

significantly more risky to the environment that nutritional enrichment, each application was 

perceived to be equally beneficial, indicating that decisions about the perceived risks and 

benefits are made independently from each other, and that the degree of perceived risk is not 

equal to the degree of benefit. In other words, even if an application is perceived as being risky, 

it will not immediately be discarded as worthless or unethical. Previous research has shown the 

acceptability of genetic engineering technology varies between applications at an aggregated 

level, with applications for medicines exceeding those for agriculture. Whereas Pardo et al. 

(2002) found that the judgements for risks and benefits are made independently to each other, 

based on the characteristics of the application, it was therefore expected that differences would 

be found between the three applications used in the present study. Indeed, these results 

indicate that these same premises hold true when comparing different applications of genetic 

engineering that are much more closely related, and that decision-making and acceptability is 

made on a case-by-case basis. Caution should be taken in these conclusions however, as 

differences between the risk and benefit perception was not directly compared in any statistical 

evaluation, merely through the comparison of means and standard deviation. As it has been 
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shown that risk perceptions are made on a case-by-case basis, it was expected that there would 

be a difference in perception between these applications of genetic engineering and this is 

generally supported by the results of this study.  

6.2.1 Comfort ratings 

The continued research, development and commercialisation of genetic engineering 

technology relies on the acceptance of consumers; therefore, it was important to include 

questions that directly asked the participant how comfortable they were with each application.   

As expected, participants were more comfortable with the application that directly 

benefits the individual. Indeed, one of the reasons posited for the rejection of GE technology 

are the lack of perceived direct benefits to the consumer (Blancke et al., 2015; Fresco, 2013), 

the nutritional enrichment application addresses this shortcoming. The results from the comfort 

items confirm the hypothesis that participants would be most accepting of the nutritional 

enrichment application, the application of the three that is of most direct benefit to the 

consumer.  

Of the three items that were used to measure consumer comfort, nutritional enrichment 

was perceived significantly more positively than either herbicide tolerance or insect pest 

resistance for two of those items. Participants slightly agreed that they would feel good eating 

a product containing a nutritionally enhanced GE crop, where as participants were more neutral 

about insect pest resistance and herbicide tolerance. Similarly, participants also “somewhat 

agreed” that eating a product containing a nutritionally enriched GE crop would be healthier 

than a conventionally grown equivalent. Whereas participants felt that eating a product 

containing an insect tolerance or herbicide resistant would be unhealthier than the conventional 
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equivalent.  Despite this more positive perception of the nutritional enrichment application, 

there was no difference between the applications and participant willingness to purchase. With 

regard to this observation, one should be mindful that of the differences that exist between the 

stated intention and from actual behaviour (Lusk et al., 2005). As the results show greater risk 

perception and lower ratings of comfort for insect tolerance and herbicide resistance 

applications, these perceptions may in lead to avoidance of these applications.  

Overall, these results confirm the hypothesis that perception of agricultural applications 

is not equal. Nutritional enrichment was perceived to be the least risky, had the greatest rating 

for comfort, but was perceived to be of equal benefit as insect tolerance and herbicide resistance 

despite these two applications being rated as riskier.   

6.3 Perception change with information 

The final question this thesis aimed to address was whether participant’s perception 

would change after being provided with new information. Successive measures of participants 

attitudes were made, before and after presenting information, to discern any change in 

perception. There is evidence to suggest that information can lead to some changes in 

perception, although this change is not always to a more positive attitude. There were no 

significant differences in perception found for risk perception to human health, risk to the 

environment, or for whether the application was ethical for before and after the presentation 

of a short paragraph about the application. Benefit perception was found to be significantly 

higher after participants read the short informative paragraph. As for the ratings of participant 

comfort towards the applications before and after reading the informational paragraph, there 

was no significant difference in the combined items, nor in two of the three individual items. A 
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significant difference was found before and after for the item asking participants whether the 

GE product would be unhealthier than the un-modified equivalent.  

Interestingly, the direction of change in perception was not always uniformly positive or 

negative. Take for example the item, “Consuming a food product containing a wheat crop 

genetically engineered to (…) would be healthier than eating a food product with the un-

modified wheat”. A significant difference was found in the overall difference before and after 

the informational paragraph, and this indicated an overall decrease in participant comfort. 

However, upon taking a closer look at the difference before and after for each application, we 

can see that the direction of change is not uniform. For the nutritional enrichment application, 

the net change in perception positive after reading the informational paragraph, whereas for 

insect pest resistance and herbicide tolerance the net change in perception becomes more 

negative.  

Similarly, the nutritional enrichment application was perceived to be of least risk to 

human health of the three applications, perceived risk increased after reading the paragraph, as 

did the perceived risk of the insect pest resistance application. Conversely, perceived risk to 

human health decreased for the herbicide tolerance application.  These differences were not 

significant, and this is based on an observation of trends. One possible explanation for this 

difference in perception change is pre-existing beliefs being challenged by the information 

contained in the paragraph resulting in a “backfire effect” (see section 2.3.2 on cognitive 

dissonance and section 2.5 on affective theory). Similarly, Madsen et al. (2003) argue that 

providing information plays a role in defining attitudes of genetic engineering technology, but 

this can lead to an overall decreased in perception, particularly if this new information 

challenges pre-existing beliefs. 
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Another possible explanation for the difference in the perception may be caused by the 

differences in the structure and framing of the informational paragraphs used in this study. 

Although each paragraph was carefully considered, the final sentence on the herbicide tolerance 

paragraph outlined the need for diverse weed management, and the exclusion of risk framed 

sentences in the other two paragraphs may be the results in differences seen between groups. 

However, as some of the changes in perception for insect pest resistance and herbicide tolerance 

are in the same direction, this is unlikely to be the singular case of these differences in 

perception change.  

6.4 Limitations and directions for future research 

It is important to note the limitations of this study. As expected, the participants were 

highly educated. Sixty six percent of the participants held a bachelor’s degree or higher, 

compared with 36% of the US population. Despite the relatively high level of education held by 

the participants, this did not appear to have an effect the depth of understanding of genetic 

engineering.  

The limitations that are likely to cause meaningful bias in this study primarily lie within 

the knowledge collection and assessment. First, the order of the items in the first section of the 

survey may have led to a bias in the results collected from the knowledge, risk and trust 

perception. In the survey, the first item here was the open-ended knowledge response. Next, 

the participants were given a definition of genetic engineering technology and some examples. 

Following this, participants were asked to rate items to determine their risk perception and trust. 

As the participants were given information before assessing risk perception, there is a possibility 

that this led to participants giving answers that would have differed from potential responses 

given if this information followed the risk perception items. However, based on the results from 
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the sections examining attitude change after information, this ordering likely only had a small 

impact on trust and risk perception. Alternatively, this knowledge risk/trust assessment may 

have been more robust had there been a control group that did not get the informational 

paragraph before answering the risk perception and trust items.  

Second, coding of the knowledge responses was carried out by a single coder. Although 

coding was carried out following a pre-determined coding scheme, it is possible that researcher 

bias may have occurred.  Additionally, the use of a pre-existing coding theme may lead to 

naturally emerging themes in people’s responses to be overlooked; however, identifying 

emerging themes was not the objective of this analysis (Hsieh & Shannon, 2005).    

Third, the method used in this study to assess participant knowledge assessment may 

have been more comprehensive had there also been some “true/false” items. Indeed, these 

“true/false” items are the most commonly used method to assess knowledge (Allum et al., 2008; 

Vecchione et al., 2015). This involves asking participants to decide whether a statement is “true”, 

“false” or that they “don’t know” the answer. Mielby et al. (2013) outline the limitations of the 

“true”, “false”, “don’t know” approach: a participant has a 50/50 chance of guessing the correct 

answer, which may lead to an over-estimation of participant knowledge. Conversely, caution 

may result in participants being more likely to respond, “don’t know”, resulting in an 

underestimation of participant knowledge. They conclude that, based on a study of political 

knowledge by Sturgis, Allum, and Smith (2007)  that “true”, “false”, “don’t know” responses do 

in fact provide accurate measure of knowledge, but this has yet to be tested in knowledge of 

genetic engineering.  

Another limitation of the present study relates to the use of the open-ended response 

questions. Miller (1998) argues that, overall, open-ended type response items can lead to a 

better understanding of participants’ comprehension of GE technology, and science in general. 
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However, participants dislike open-ended questions, and this can lead to a decreased response 

rate and respondent fatigue. There is a much greater scope for measuring extent of participant 

knowledge but is generally much harder to assess and this requires coding and assigning value 

to each participants response, which is time consuming and there is potential for coding bias. 

Perhaps combining these two methods of assessment, similar to the survey design used in a 

study by Vecchione et al. (2015) in which there were four items to assess subjective knowledge 

followed by a prompt for a definition of genetic engineering to assess participants’ 

comprehension, would help account for the limitations each method presents. Again, however, 

while comprehension gives a more nuanced insight into participant knowledge, it is much harder 

to measure and assess.  

Further limitations of this research, not in relation to knowledge but more in 

methodology, include the decision to “reverse orientate” the wording in a selection of 

questions. Whilst this is a method often employed in survey design to account for a range of 

response biases, there are several studies that indicate reverse wording does not act as 

intended, but rather confuses participants. It is unknown what effect this may have had on the 

results of the survey, if any, but is something to consider (Herche & Engelland, 1996; van 

Sonderen, Sanderman, & Coyne, 2013).  

The direction of future research efforts could work to further separate the differences 

in perception between different agricultural applications of genetic engineering. Specifically, 

what risks consumers perceive to be acceptable or unacceptable, investigating the five distinct 

types of risk (financial, performance, physical, psychological, and social) as used by Klerck and 

Sweeney (2007). Further, as this study indicated some form of “backfire effect” which resulted 

in an overall decrease in acceptance in some applications and aspects, but not others, future 
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research should identify which frames are likely to result in an overall decrease in perception, 

and work to mitigate any backfire effects when it comes to this controversial topic.   

6.5 Concluding remarks 

The challenge that global food security presents and our ability to achieve sustainability 

in agriculture are highly complex issues. That being said, genetically engineered crops are widely 

praised with in the scientific community as being one facet of the solution to achieving global 

food security. However, the public opposition to this technology is a serious hurdle to further 

research, development, and commercialisation of this technology.  

Findings from the present study reveal that the relationship between objective 

knowledge and perception of genetic engineering technology are almost non-existent, and that 

objective knowledge has little to no impact on attitude formation, thus reasserting the tenuous 

relationship already found to exist in published literature. Generally, participants of the current 

study were found to be knowledgeable of genetic engineering technology, although several 

misconceptions began to emerge in their responses. Instead, trust, along with risk and benefit 

perceptions, are substantially more influential in decision making and attitude formation. 

Therefore, science communication should work to improve the trustworthiness of scientists and 

researchers in the eyes of the public as, according to Siegrist (2000), trust in these institutions 

are the most important determinant of attitude formation of genetic engineering.  

At an aggregated level, people judge some applications of genetic engineering to be 

more acceptable than others. In the present study, participants of the nutritional enrichment 

group perceived fewer risks and were more comfortable with this application than either 

herbicide tolerance or insect pest resistance. People assess each applications of genetic 
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engineering technology on a case-by-case basis, and people are more willing to accept and are 

more comfortable with GE technology for food. This may be due to the direct benefits to the 

consumer.  

Finally, the effect of information on perception leads to some rather mixed results. 

However, being informed tended to play a more significant role for the insect pest resistance 

and herbicide tolerance application than for nutritional enrichment. This may be a result of pre-

existing beliefs being challenged by new information, resulting in a backfire effect. Science 

communication of genetic engineering technology for agricultural applications should focus on 

identifying and demonstrating the benefits of this technology. However, this discourse must be 

made carefully to avoid backfire effect. 

To improve on science communication in this polarising area of genetic engineering, 

efforts should focus on improving trust in scientists and researchers. This may be at least 

partially accomplished by shifting media dialogue away from a focus on the potential but unlikely 

risks of the technology, and a highlighting of its substantial benefits. Of course, risks should be 

acknowledged but approached with reason, particularly considering how the public assesses risk 

– placing less value on the likelihood of occurrence of than whether the risk is acceptable. 

Objectively, the risks associated with the use of GE technology for food is minimal. The 

participants of this study were receptive to the information, in terms of the perceived benefits, 

and the perception increased, therefore switching the framing to the benefits this technology 

presents and pointing out how it directly benefits the consumer may result in positive attitude 

change.  

In sum, the present study adds to the existing knowledge regarding the public 

perception of genetic engineering technology for agricultural applications. It shows that closely 

related applications of the technology are differentiable by the public and that there are 
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differences in the perceptions of each, although these results should not be generalised to the 

entire population of the US. Future research should explore the cause of these differences in 

perception between applications and explore why people place different values on closely 

related applications. In addition, this study shows that information does result in a change in 

people’s perceptions of GE technology, but the net result is not always favourable for the 

acceptance of such technology (nor is perception change between applications always uniform).  
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Appendices 

Appendix I: Survey 

Information sheet for participants: 

Reference Number: D17/239 
Accepted on: 20/07/17 

Perceptions of Genetic Engineering 
INFORMATION  SHEET  FOR  PARTICIPANTS 

  

Your thoughts on genetic engineering 

Thank you for showing an interest in this project.  Please read this information sheet 

carefully before deciding whether or not to participate.  If you decide to participate, we thank 

you.  If you decide not to take part, there will be no disadvantage to you and we thank you for 

considering our request.  If you decide to withdraw from the survey, simply close the browser 

window and your responses will not be recorded. 

 The aim of this project is to investigate how familiar the public is with genetic 

engineering technology, public views of genetic engineering technology, and whether public 

perception differs depending on how the technology may be applied. 

What types of participants are being sought? 

Taking part in this study involves completing an anonymous online survey that should 

take about 10-12 minutes of your time. This survey is open to any US resident or citizen over the 

age of 18. You will be one of up to 600 other participants that have completed this survey. 

The survey involves answering questions on your perceptions of different genetic 

engineering applications. The survey involves answering question on your perceptions of 

different genetic engineering applications. For completing this survey, you will be 

reimbursed $0.25. Survey responses must be verified, which may take up to five days, before 

you receive reimbursement. 



105 
 

To verify your response, a 5-digit code will be provided at the end of the survey. Return 

to the Mechanical Turk window that provided the survey link and paste the code in the box 

below the link.  

If you enjoyed this survey, feel free to share it with anyone you feel may be interested 

in this study. 

 What will participants be asked to do? 

 Should you agree to take part in this project, you will be asked to rate your level of 

agreement with a set of statements concerning the use of genetic modification in the agriculture 

industry. Following this, you will be asked to read a short description of a use/application of 

these crops, and you will then answer some more questions. 

The survey is expected to take 10 minutes of your time. 

It is not expected that you will encounter any unpleasant or disturbing content, if you 

find yourself not wishing to continue with the survey you can simply close the browser window 

and your responses will not be recorded. 

 Please be aware that you may decide not to take part in the project without any 

disadvantage to yourself. 

 What data or information will be collected and what use will be made of it? 

In addition to your opinions on genetic engineering, the following participant data will 

be collected: age, gender, level of education achieved, and the state in which you primarily 

reside. The purpose of this is to compare demographics of participants and observe any trends 

in the data. No identifying information will be collected, such as names.   

 Data collected will be accessible to the researcher, Amy Smith, and thesis supervisor 

Jesse Bering. This data is being collected for research purposes only. Data collected will be stored 

securely on a locked desktop computer, accessible to only those mentioned above. 

 Data obtained as a result of the research will be retained for at least 5 years in secure 

storage. Any personal information inadvertently submitted on the participants will not be 

stored. You will not be identifiable from participating. 
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Can participants change their mind and withdraw from the project? 

 You may withdraw from participation in the project at any time, simply by closing the 

browser window, without any disadvantage to yourself. 

 What if participants have any questions? 

 If you have any questions about our project, either now or in the future, please feel free 

to contact either: - 

Amy Smith 

Department of Science Communication            

smiam443@student.otago.ac.nz                        

  

Associate Professor Jesse Bering 

Department of Science Communication 

jesse.bering@otago.ac.nz

This study has been approved by the Department stated above. However, if you have any concerns about the ethical 

conduct of the research you may contact the University of Otago Human Ethics Committee through the Human Ethics 

Committee Administrator (ph 03 479-8256). Any issues you raise will be treated in confidence and investigated and 

you will be informed of the outcome. 
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Consent form for participants: 

I have read the Information Sheet concerning this project and understand what it is 

about.  All my questions have been answered to my satisfaction.  I understand that I am free to 

request further information at any stage.  

 I know that: -  

1. My participation in the project is entirely voluntary. 

2. This survey is open to only those aged 18 years and over.  

3. I am free to withdraw from the project at any time without any disadvantage simply 

by closing the survey window and my responses will not be recorded.  

  

4. Demographic details to be collected include age and gender. No personal identifying 

information will be collected during this survey but any raw data on which the results of the 

project depend will be retained in secure storage for at least five years. 

 5. It is not expected that I will encounter any risk or discomfort.  

 6. Once responses are verified, I will receive $0.2. This may take up to five days after 

completion of the survey.  

 7. The results of the project may be published and will be available in the University 

of Otago Library (Dunedin, New Zealand) but every attempt will be made to preserve my 

anonymity.    

 I agree to take part in this project: ☐ 
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Demographics – About yourself 

 

 

Please describe, in your own words, what genetic engineering is: 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 
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Information block 1: 

Genetic engineering is a process that allows a scientist to alter genetic material, or DNA. This 

can be done by deleting a short section of DNA, or by transferring DNA from other individuals 

or species to another. The aim of this is to change physical characteristics of the organism.  

A genetically engineered crop is a crop that has undergone change to its genetic sequence, also 

known as its DNA. Those changes might be very small, like a single change in the DNA sequence 

that inactivates a particular gene. Or they might be large, such as taking a gene from an 

unrelated species and transferring it into another.  

For example, the insulin producing gene in humans was transferred into a bacterium to quickly 

and cheaply produce insulin to treat diabetics. 

In the US, the white button mushroom has had its genome modified to slow browning. Browning 

is caused by an enzyme produced by a family of genes. A few small deletions of DNA in that 

family of genes have reduced the activity of the browning enzyme by 30%.  
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Please rate the following statements: 
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Application tasks: 

Nutritional enrichment: 

Instructions: Please read the statement below and answer the questions that follow: 

Imagine that a scientist has genetically engineered a wheat crop to improve the nutritional value 

i.e. the wheat plant contains more of a vitamin or mineral.  
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Information paragraph: 

There is no country on earth whose residents get all their required nutrients from their diet. A 

varied diet can provide you with all the nutrients your body requires, however this can often be 

expensive to achieve. Many people in developing nations rely on a single crop, such as rice or 

wheat, for most of their meals.  As a result, people suffer from malnutrition and related health 

complications. Through genetic engineering, the nutritional value of crops can be improved, 

providing more of the essential vitamins and minerals to both consumers in the west and in 

developing countries, and reducing the impact of malnutrition on people's lives. 
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Now that you have read a little bit more about improved nutrition, please answer the following 

questions:  

These questions are the same as the ones before, but don't worry, we did this on purpose!  

Keep in mind the short paragraph you read and answer the questions below on how you feel 

about genetic engineering to improve the nutritional value.  

Imagine that a scientist has genetically engineered a wheat crop to improve the nutritional 

value i.e. the wheat plant contains more of a vitamin or mineral. 
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Insect Pest Resistance:  

Instructions: Please read the statement below and answer the questions that follow: 

Imagine that a scientist has genetically engineered a wheat crop to resist insect pest species 

i.e. the wheat plant can protect itself against insects that might eat it.  
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Informational paragraph: 

Insects are the bane of many farmers, a major threat to crops the world over. Insects devour 

crops leading to significantly reduced harvests - an estimated 10-20% of crop loss worldwide can 

be attributed to pest insect species. Genetically engineering a crop to resist insect pest species 

can beef up a plant’s defences against hungry insects. Crops that are resistant to insect pest 

species provide farmers with an effective method to control them. 
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Now that you have read a little bit more about how genetic engineering can improve insect pest 

management, please answer the following questions:  

These questions are the same as the ones before, but don’t worry, we did this on purpose! 

Keep in mind the short paragraph you read, and answer the questions below on how you feel 

about genetic engineering to improve insect pest management.  

Imagine that a scientist has genetically engineered a wheat crop to resist insect pest species 

i.e. the wheat plant can protect itself against insects that might eat it.  
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Herbicide Tolerance:  

Instructions: Please read the statement below and answer the questions that follow: 

Imagine that a scientist has genetically engineered a wheat crop to be resistant to herbicide 

i.e. the wheat plant will not be affected when sprayed with weed killer. 
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Informational paragraph: 

Weeds are a nuisance to anyone growing plants from a small veggie patch to fields upon fields 

of crops, taking the nutrients from the soil that would otherwise help the crops grow. Genetically 

engineering a crop to possess herbicide resistance genes allows for herbicides to be applied to 

the field to destroy weeds that would normally compete for nutrients in the soil. Crops that are 

resistant to herbicides provide farmers with an effective method to control weeds. However, a 

diverse weed management program is required to avoid weeds evolving resistance to heavily 

used herbicides.   
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Now that you have read a little bit more about how genetic engineering can improve weed 

management, please answer the following questions:  

These questions are the same as the ones before, but don’t worry, we did this on purpose! 

Keep in mind the short paragraph you read, and answer the questions below on how you feel 

about genetic engineering to improve weed management. 

Imagine that a scientist has genetically engineered a wheat crop to be resistant to herbicides 

i.e. the wheat plant will survive when sprayed with a herbicide whilst the surrounding weeds 

will not.  
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Exit questions: 
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Appendix II: Letter of ethics approval 
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Appendix III: Letter of approval of ethics amendment  

 


