Introduction

Genetically modified (GM) foods are defined as foods derived from organisms
(plants, animals or microorganisms) whose genetic material (DNA) has been
modified in a way that does not occur naturally, e.g. through the introduction of a

gene from a different organism (World Health Organisation 2014).

The foundation of modern agriculture is based on the genetic modification of plants
and animals (Paarlberg 2001), which was previously achieved through the slow and
imprecise method of selective breeding (Gasser and Fraley 2011). However, in
1973, scientists began recombining DNA molecules by moving individual genes
carrying desired traits from one organism to another (Paarlberg 2001). These
changes resulted in the expression of traits and characteristics not found in the
original organism, providing a faster, more powerful, and potentially more precise

method of genetic modification.

Since the 1990s, GM foods have been available for commercial purchase
(Wunderlich & Gatto 2015), and today, the use of genetic engineering in food
production is widespread. Examples of foods that have undergone genetic
modification include tomatoes with delayed ripening, pest resistant crops and vitamin
A infused rice (Schneider, Schneider & Richardson 2015). The crops most frequently
involved in genetic modification are soybean, maize, canola and cotton (Chondie &
Kebede 2015).

GM foods provide many advantages to modern day agriculture. Firstly, genetically
modifying crops can produce higher yields by reducing losses from insect damage or
weed competition (Carpenter 2010). For example, altering the DNA of a maize crop
to increase insect and pathogen resistance improves yields by decreasing the
number of crops destroyed by insects or disease (Wisniewski et al. 2002). Other
benefits of GM agriculture include productivity improvements resulting in cheaper
foods (van Meijl & van Tongeren 2003), greater drought resistance (Chondie &
Kebede 2015) and the reduction of chemical use through the creation of herbicide

and pesticide resistant crops.

In addition to these advantages, GM foods have a potential application in alleviating

world hunger. In developing countries, GM foods provide farmers with a crop to grow



and sell, that without genetic modification, was previously unable to grow in local
conditions (Pinstrub-Andersen & Schioler 2001). Furthermore, genetic modification
can be used to decrease malnutrition by increasing nutrition availability in crops.
Vitamin A infused ‘golden rice’ was developed to decrease vitamin A deficiency in
areas such as South Asia, where people suffer from a shortage in their diets (Beyer
et al. 2002). In the Philippines, it is estimated that vitamin A infused rice can avert
between 136 and 789 child deaths per year, depending on the success of the

harvest (Zimmermann & Qaim 2004).

However, there are also disadvantages associated with the use of GM foods. These
include the possible creation of allergenic crops (Malarkey 2003), issues regarding
the patenting of the seeds (Kotch 1998), religious, cultural and ethical concerns, and
the unknown long-term impacts (Kotch 1998). In addition, antibiotic resistant genes
are commonly used as marker genes in the DNA of GM crops (Midtvedt 2014). This
creates the risk of antibiotic resistant genes transferring from the GM crop to the
surrounding organisms, unintentionally creating antibiotic resistant organisms
throughout the environment (Midtvedt 2014). However, the major concern over the
use of antibiotic resistant marker genes is that they may decrease antibiotic

efficiency in humans and animals if consumed by them (Caplan 2002).

GM foods can also have harmful impacts on the environment, such as unintentional
gene transfer. Genes from GM crops expressing herbicide, pest and disease
resistance can be transferred to weeds and unwanted crops, resulting in their
enhanced fitness, survival and spread (Conner, Glare & Nap 2003). Furthermore,
GM crops may be toxic to non-target audiences such as pollinators, and have
detrimental effects on their numbers, causing a cascade of problems throughout the
ecosystem (Malone & Burgess 2009). GM crops also create the risk of severely
decreasing biodiversity (Azadi & Ho 2009), as they increase the intensification of
agriculture (Altieri 2005) and encourage monoculture, causing less varieties of seeds

to be grown.

There has been extensive debate throughout the scientific community, governments,
advocacy groups and consumers on the positive and negative consequences of GM
foods (Oz, Unsal & Movassaghi 2017). As a result, due to the controversy over their
safety, public attitudes towards GM foods continue to be uncertain (Sheldon et al.



2009; Honkanen & Verplaken 2004; Valente & Chaves 2018). Furthermore, the
future development and use of GM foods is believed to be majorly influenced by
public attitudes (Sparks, Shepherd & Frewer 1995). Without the support of the
public, the development of GM foods is futile, as the public are the target market for

their use and sale.

In order to explore public attitudes further, numerous studies investigating public
attitudes towards GM foods have been conducted. In 2010, the European
Commission, which measures changing attitudes across Europe, found that 61% of
Europeans agree that GM food makes them feel uneasy (European Commission
2010(a)). Additionally, 61% disagree that the development of GM food should be

encouraged, displaying the public’s lack of confidence towards GM as a practice.

Former research has identified demographics such as age, gender and education
level as key influences in shaping attitudes towards GM foods. Previously, males
have shown more positive attitudes towards GM foods than females (Magnusson &
Hursti 2002; Hoban 1996; Oz et al., 2017; Hudson et al., 2015). Both Siegrist (2000)
and Baker and Burman (2001) explain this relationship as a result of women
commonly having higher levels of concern regarding food safety and being more risk

averse than men.

Within the existing literature, individuals with higher levels of formal education have
expressed more positive attitudes towards GM foods than those with lower levels of
education (Magnusson and Hursti, 2002; Oz, Unsal & Movassaghi 2017; Huson et
al., 2015). However, research from Koivisto Hursti et al. (2002) found no educational
differences in attitudes towards GM foods, with other studies reporting the same
result (Schlapfer, 2008). Findings have been contradictory regarding the influence of
age on attitudes towards GM foods, with several studies reporting younger subjects
to hold more positive attitudes towards GM foods than older individuals (Koivisto
Hursti et al., 2002; Magnusson and Hursti, 2002; Hudson, Caplanova & Novak
2015). Conversely, research from Cook, Kerr and Moore (2002) reported the

opposite result. These contradictions highlight the need for further research.

Strong variations in attitudes towards GM foods are displayed throughout the
literature, with contradictory research outcomes. These variations suggest further



research is required into what influences attitudes towards GM foods, as it may be a
different factor that is the most significant stimulus.

An idea that is yet to be investigated in the literature, is whether an individual’s level
of environmental concern plays a role in determining their attitude towards GM
foods. Environmental concern is a concept that explains the value the individual
places on the environment, and the extent to which they consider the consequences
of their own behaviour and that of others on the environment (Fransson & Garling
1999). Since the beginning of the environmental movement 30 years ago, research
into what factors lead to and influence levels of environmental concern has been
conducted (Schultz & Zeleny 1999). Van Liere and Dunlap (1980) suggest that many
factors, such as age, gender and education level, affect levels of environmental
concern. This has been supported in recent studies throughout the literature, such as
the findings of Vicente-Molina, Fernandez-Sainz and Izagirre-Olaizola (2018), where
women reported stronger pro environmental attitudes than men. Education has also
been found to be positively correlated with environmental concern (Van Liere &
Dunlap 1980; Roberts 1995; Zimmer, Stafford and Stafford 1994), and younger
individuals have commonly been found to have higher levels of environmental
concern (Honnold 2010; Buttel1979; Klineberg, McKeever & Rothenbach 1998;
Arcury, Scollay & Johnson 1987).

An individual’s level of environmental concern may influence their attitude towards
GM foods, as GM foods can have negative impacts on the environment. If an
individual has high levels of environmental concern, they may be more likely to be
against GM foods, as they are unlikely to support a concept with such harmful
impacts on the environment. This forms the research question; is there a connection
between people who are concerned about the environment and their attitudes
towards GM foods? This addresses a gap in the literature regarding the role of
environmental concern in relation to attitudes towards GM foods, rendering this
research innovative. In this paper, the determinants of attitudes towards GM foods
are examined in more depth, focusing on the extent to which they are linked to levels
of environmental concern, as well as previously studied factors such as age, gender

and education level.



This study will investigate the hypothesis: people who are concerned about the

environment are less likely to favour GM foods.
The specific aims are:

e To conduct an investigation into the attitudes of a sample population towards
GM foods and determine how environmentally concerned they are using
guestionnaires.

e To investigate whether age, gender and education level influence attitudes
towards GM foods.

e To investigate whether age, gender and education level influence

environmental concern.

Methods

Data was collected and tested via an online questionnaire, aiming to obtain
information on the extent to which an individual is concerned about the environment
and their attitude towards GM foods. The questionnaire was distributed by email and

social media.

An online questionnaire provides both financial and time benefits, as no manual
distribution is required, and data collection can take place while simultaneously
working on other tasks (Llieva, Baron & Healey 2002). Online questionnaires allow
for fast and honest responses to sensitive issues (Fricker & Schonlau 2002), as they
allow anonymity (Newing 2011). Manual transcription of data is not required when
using online questionnaires, resulting in no data entry errors (Llieva, Baron & Healey
2002).

Online questionnaires can be received by a wide variety of people (Garton,
Haythornthwaite & Wellman 1999), including those who it may not be possible to
reach through post (Wright 2005). In addition, using an online questionnaire allows
ease of distribution and collection of responses (Wright 2005), and enables the
guestionnaire to be easily forwarded to multiple other people (Garton,
Haythornthwaite & Wellman 1999).



Questionnaire Design

A definition of GM foods was provided at the start of the questionnaire to avoid
confusion regarding its meaning. Technical jargon was avoided throughout to
minimise the risk of deterring respondents who may feel challenged by the questions
(Brace 2000). The aims of the study were stated at the beginning of the
guestionnaire to provide background information, reassuring individuals and
consequently encouraging participation (Denscombe 2010). Information was also
included regarding the duration of the questionnaire, the anonymity of the individual
and their results, and the participant’s right to withdraw. The use of multiple-choice
guestions made the questionnaire quick and easy to answer, and the questionnaire
was not restricted in length, as research shows that short email questionnaires do
not yield a higher response rate than long questionnaires (Witmer, Colman &
Katzman 1998).

The initial three questions asked for the respondent’s age, gender and education
level, so correlations between these variables could be investigated during the
analysis. Section one of the questionnaire included 12 questions aiming to measure
an individual’s level of environmental concern (Table 1). Existing literature was used
to develop the questions, which increased the validity of the research, as only

studies producing consistent results were used.



Question used in the Questionnaire

Sources the questions were

adapted from

5. Humans are severely abusing the
environment.

7. The so-called “ecological crisis” facing
humankind has been greatly exaggerated.
9. Humans have the right to modify the

natural environment to suit their needs.

Dunlap scale (Dunlap et al. 2000)

4. | am worried about the country being too
dependent on using energy generated by
fossil fuels such as oil, gas and coal.

6. The world’s climate is changing.

11. | feel a personal responsibility to try to

reduce climate change.

European Social Survey (2017)

Schwartz ‘Basic Human Values’

guestionnaire (Schwartz 2012)

8. Plants and animals exist primarily to be
used by humans.
9. Humans have the right to modify the

natural environment to suit their needs.

(Straughan and Roberts 1999)

12. Natural resources must be preserved
even if people must do without some
products.

13. Much more fuss is being made about
air and water pollution than is really
justified.

14. 1 am interested in the environmental
consequences of the products | purchase.
15. Environmental issues are overrated

and do not concern me.

(Mintona & Roseb 1997)

10. Ending world hunger is more important

than environmental issues.

Created for the purpose of this

study.

Table 1: The questions used in section one of the questionnaire and the sources

from which they were adapted.




Section two of the questionnaire included ten questions designed to measure the

respondent’s attitudes towards GM foods (Table 2). These were also influenced by

existing literature, but some questions were created for the purpose of this study.

Questions used in the Questionnaire

Research the questions were
adapted from

16. Have you ever heard of GM food
before today?

17. 1 am uncomfortable with the concept of
GM food.

18. GM food helps people in developing
countries.

19. GM food does no harm to the
environment.

21. GM food is unsafe for future
generations.

22. The development of GM foods should
be encouraged.

Eurobarometer Survey on
Biotechnology (European
Commission 2010(b))

20. Genetically modifying foods is like
‘playing God'.

23. GM foods pose a risk to human health.
24. | am willing to consume foods
produced with GM ingredients.

25. GM foods are unethical.

Created for the purpose of this

study.

Table 2: The questions used in section two of the questionnaire and the sources

from which they were adapted.

All questions were adapted into statements to fit the Likert scale (Allen & Seaman

2007) in order to be consistent throughout, making them easier to analyse and

correlate.

A pilot questionnaire was distributed to 20 individuals ranging in age, gender and

education level. This was to ensure that all respondents could easily understand the




guestions and to check for any errors. It also established if the aims and objectives
of the project were achieved, and gave an indication of how long the questionnaire
would take to complete (Brace 2008). The questionnaire was considered complete

once it was returned by 15 people without any mistakes or issues being identified.

The pilot study identified several areas of improvement; firstly, the definition of GM
was changed. To further elaborate on the meaning of the word ‘modified’, ‘altered’
was added in brackets afterwards, as some respondents said the meaning was
unclear. Question 17 was changed from ‘GM food makes me feel uneasy’ to ‘l am
uncomfortable with the concept of GM food’, as the word ‘uneasy’ was reported to be
too vague. In addition, an optional question was added at the end of the
guestionnaire, asking respondents if they had any further comments on their
attitudes towards GM foods, as participants from the pilot sample conveyed that they

had additional opinions they would have liked to express.

Data Collection

Distribution through social media prevented the collection of a stratified sample, so a
random sample was obtained. The sample was made more systematic by targeting
certain age groups and genders. This was achieved by distributing the questionnaire
on social media platforms or pages where there was a particular age or gender
demographic. Through email distribution, different age categories were targeted by
using the contacts of individuals within that age group, such as family members.
Respondents were asked to forward the questionnaire on to their contacts to
increase involvement. The contact information of the researcher was included with
the questionnaire when distributed, so any queries from respondents could be
answered. This enhanced the credibility of the study, consequently reassuring
respondents (Wright 2005). The questionnaire was open for four months to allow a

sufficient data set to be collected.

Despite online questionnaires being an effective method of data collection, there are
limitations associated with their use. For example, computer illiterate individuals may
find responding to an online questionnaire challenging, and therefore cease
responding (Fricker & Schonlau 2002). Additionally, certain demographics may not

have internet access (Gjestland 1996), so may not be included in this study, causing



the sample to be unrepresentative of the population. Also, no clarification can be
provided if there is confusion over the meaning of a question, so some responses

may not be genuine (Newing 2011).

Data Analysis

Each answer was assigned a value so that a total GM score (how much an individual
approves or disapproves of GM foods) and a total green score (how environmentally
concerned an individual is) could be calculated. Total green value scores were
calculated by adding all the answers from questions 4-15 and total GM attitude
scores were calculated by adding the answers from questions 17-25. A higher total
green score indicates an individual has strong green values (more environmentally
concerned) and a high total GM score indicates an individual has a positive attitude

towards GM foods.

Statistical analysis of the results was completed on IBM SPSS Statistics 24 to
establish if attitudes towards GM foods and environmental concern had a significant
relationship with each other and other contributing factors (age, gender, and
education level). The tests used were one way ANOVA (analysis of variance), Tukey

and Spearman’s Rank Correlation.

Age, gender and education level were tested using a one way ANOVA to see if they
had an effect on GM score or green score. A Tukey post hoc test was conducted
when a significant difference was shown. The data for age, gender and education
level were designated an index to make analysis easier and more accurate.
Spearman’s Rank Correlation was used to compare GM score and green score, as it

tests the significance of the correlation between two variables (Sedgewick 2014).

Results



Analysis of Questionnaire Results

The questionnaire returned 236 responses in total. Before analysing the results, the

data from participants who did not fully complete the questionnaire and anyone who

had not heard of GM before today was removed, as their responses to the questions
on GM would be based on guesses.

An equal distribution of individuals within each age, gender and education category
was desired, but was not reflected in the results. A disproportionate number of
respondents (54.21%) were aged between 18 and 25 (Figure 1), and an equal
distribution of genders was not achieved, as the majority of respondents were female
(59.81%) (Figure 2). A mixture of respondents with different education levels was

achieved, but again these were not equally distributed (Figure 3).

13.08%

14.04%
54.21%
6.54%
12.15%
= 18- 25 = 26-35 = 36-45 46-60 = 60+

Figure 1: The percentage of questionnaire respondents from each age category.
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» Male = Female = Other

Figure 2: The percentage of questionnaire respondents from each gender.
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= A-levels » Bachelor degree

= Master’'s degree = Doctorate

Figure 3: The percentage of questionnaire respondents from each education level.



Age, gender and education level were tested using a one way ANOVA to see if they
had an effect on GM score (Table 3). There was a statistically significant difference
between age categories (F= 4.822, p= 0.001), and a Tukey post hoc test revealed
that individuals aged 46-60 produced significantly lower GM scores than the other
age categories. There was no statistically significant difference between gender
categories (F= 2.576, p= 0.078), and no statistically significant difference between

education level categories (F= 1.953, p= 0.087).

Factor Significance Description
Age Yes (p=0.001) Individuals aged 46-60
are more likely to be

against GM foods (Figure
4).
Gender No (p=0.078) There is no significant

difference between
gender and attitude
towards GM foods.

Education Level No (p= 0.087) There is no significant
difference between the
level of formal education
a respondent has and
attitude towards GM

foods.

Table 3: The significance of age, gender and education level on an individual’s
attitude towards GM foods. If the p value is less than 0.05 then there is a significant

correlation between two factors (Dytham 2011).
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Figure 4: The relationship between age and total mean GM score, showing that
individuals aged 46-60 displayed significantly lower GM scores, so are more likely to

be against GM foods.

Next, age, gender or education level were tested using a one way ANOVA to see if
they had an effect on green score (Table 4). There was a statistically significant
difference between age categories (F=4.425, p= 0.002), and a Tukey post hoc test
revealed that individuals aged above 60 produced significantly lower green scores
than individuals aged 46-60. However, neither group showed significantly different
scores compared to the other age categories. There was no statistically significant
difference between gender categories (F= 1.846, p= 0.160), and no statistically

significant difference between education level categories (F= 1.148, p= 0.336).



Factor Significance Description

Age Yes (p=0.002) Individuals aged above
60 are more likely to have
a lower level of
environmental concern
compared to individuals
aged 46-60 (Figure 5).
Gender No (p= 0.160) There is no significant

difference between
gender and level of

environmental concern.

Education Level No (p= 0.336) There is no significant
difference between the
level of formal education
a respondent has and
level of environmental

concern.

Table 4: The significance of age, gender and education level on an individual’s level
of environmental concern. If the p value is less than 0.05 then there is a significant

correlation between two factors (Dytham 2011).
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Figure 5: The relationship between age and total mean green score, showing that
individuals aged 46-60 displayed the highest mean green score, and is significantly

higher than the mean green score of individuals aged above 60.

Spearman’s Rank Correlation (rho) was used to compare GM score and green
score. The plot of green score against GM score showed a significant, but very weak
correlation (Spearman Rank, rho =-0.145, N = 214, p = 0.034 ). However, there was
clear signs of heteroscedasticity in the data (Figure 6). To formally assess this, each
green score was categorised by dividing itself by 10 and then rounding to the nearest
integer. Using these numbers as categories, differences in GM score variability were
found with the different categories (Levene’s test, p < 0.05) with standard deviations
increasing from green score 3 (GM score SD = 4.5) to green score 6 (GM score SD
=9.5) (Figure 7) (Table 5).
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Figure 6: The relationship between green score and GM score. A higher total green
score indicates an individual has strong green values (more environmentally
concerned) and a high total GM score indicates an individual has a positive attitude
towards GM foods. The line of best fit shows that as green score increases, GM
score decreases, however this is a very weak relationship. The dashed lines show

the heteroscedasticity in the data.
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Figure 7: The relationship between categorised green score and GM score, showing
that the higher categories of green score (most environmentally concerned

individuals) show a greater variation in their attitude towards GM (GM score).

Green Score Category Standard Deviation
3 (25-34) 4.13

4 (35-44) 6.34

5 (45-54) 5.9

6 (55-60) 9.59

Table 5: Standard deviations from GM scores compared with categorised green

scores.

Analysis of Comments

61 respondents left comments for the optional question 26, ‘Do you have any further
comments on your attitude towards GM foods?’. To analyse these, the comments
were split into positive, negative and other categories depending on the viewpoint



expressed in the comment. Reoccurring themes of views expressed were identified,
and the comments were categorised into these. Some comments expressed multiple
opinions, both positive and negative, so were split when recorded in the table (Table
6). Comments not about GM were not included. Of the 58 comments regarding GM,
26 (44.82%) expressed a mix of positive and negative opinions, displaying the
ambivalence towards GM as a practice.



harm the

environment.

negative impacts for

farmers.

Positive Negative Other
Using GM foods to | 14 | Companies may act 14 | Require more 14
end world unethically and use knowledge on GM.
hunger/help GM for financial gain.
farmers in
developing
countries.
GM foods are the | 11 | Negative 10 | Development and 5
next advancement environmental/ecologic use of GM foods
in agriculture- al impact of GM foods. needs to be
produce higher carefully regulated.
yields, reduce
pesticide use,
cheaper foods.
GM foods do not 4 Not enough known 10 | Are fine with GM 2
pose a risk to about the long-term plants but GM
human health. effects of GM foods, animals would be
future harms unknown. unethical/inhumane.
No ethical 4 | More focus should be |4
implications of GM aimed on reducing
foods. waste as a better
approach to end world
hunger.
GM foods do not 3 GM foods have 3

Table 6: A summary of the main opinions expressed by respondents in the

comments section of the questionnaire. The columns to the right of the opinion

columns signify how many times that particular view was raised.

Overall, we can accept the hypothesis that people who are concerned about the

environment are less likely to favour GM foods. Even though the correlation is very

weak (p=0.034), there is still a slight correlation so the hypothesis can be accepted.




Discussion

Factors influencing attitudes towards GM foods and level of environmental

concern

Gender did not influence attitudes towards GM foods in this study, with no significant
difference shown between gender categories (p= 0.078). This result opposes those
presented in the literature, where males have been found to hold more positive
attitudes towards GM foods than females (Magnusson & Hursti 2002; Hoban 1996;
Oz, Unsal and Movassaghi 2017; Hudson, Caplanova & Novak 2015). Cook, Kerr &
Moore (2002) explain this relationship by reporting males to have a higher sense of
self- identity; a quality found in people who intend to purchase GM foods. Other
research has shown women to be more sceptical towards GM foods than men,
explaining their more negative attitudes (Hoban 1996). It is likely that the
contradiction of this study’s results compared to previous research is due to the

relatively small sample size and the lower male response rate.

No significant correlation was found between formal education level and attitudes
towards GM foods (p=0.087). This is opposed by results from previous research,
which has indicated that people with a higher level of education hold more positive
attitudes towards GM foods (Magnusson & Hursti 2002; Oz, Unsal and Movassaghi
2017; Huson, Caplanova & Novak 2015). It has been argued that knowledge is an
important determinant of support for science and technology (e.g. GM foods),
however, knowledge on GM foods may not be provided by formal education, which
this study was measuring, thus potentially explaining the lack of correlation.
Contrariwise, research from Koivisto Hursti, Magnusson and Algers (2002) found no

educational differences in attitudes towards GM foods.

Age differences were also suggested to influence attitudes towards GM foods, with
previous research showing contradictory results. Some studies have shown older
subjects to hold more positive attitudes towards GM foods (Cook, Kerr & Moore
2002), while others revealed the opposite (Koivisto Hursti, Magnusson & Algers
2002; Magnusson & Hursti 2002; Hudson, Caplanova & Novak 2015). Sparks,
Shepherd and Frewer (1994) found that older subjects reported lower benefits of GM

foods compared to younger subjects, explaining their more negative attitudes.



There was a statistically significant difference between age categories (p= 0.001),
with individuals aged 46-60 being more likely to be against GM foods, and both the
oldest and two youngest age categories showing positive attitudes towards GM
foods (Figure 4). If we were to follow the belief that older individuals are more likely
to be against GM foods, then the opposing results could be explained by the small
sample size of individuals aged above 60. Making up only 13.08% of the total
sample, this age category was not well represented. If only a few individuals in this
age category had very positive attitudes towards GM foods, they may have skewed
the sample, causing this age category to have a very high mean GM score.
However, due to the lack of consistent literature, the results from this study should
not be considered unusual. How age influences attitudes towards GM foods is a

relationship that needs further investigation.

The results from this study found no difference between gender and level of
environmental concern (p= 0.078), which is not supported by the existing literature.
Previous studies show women reporting stronger pro-environmental attitudes and
behaviours than men (Dietz, Kalof & Stern 2003; Zelezny, Chua & Aldrich 2002;
Dietz, Stern & Guagnano 1998; Vicente-Molina, Fernandez-Sainz & lzagirre-Olaizola
2018). Research from Dietz, Kalof and Stern (2003) suggests that this is because
women value altruism higher than men, and altruism is the value most closely
related to environmentalism in both theoretical and empirical work. Reasons for this
lack of concordance with the literature may be due to the uneven distribution of
respondents, as 59.81% of respondents were female, creating an unbalanced

sample (Figure 2).

No difference was found between the level of formal education a respondent has and
their level of environmental concern (p= 0.336), a trend which is not often observed
in the literature. Level of education is often linked to environmental attitudes, with
studies showing education positively correlated with environmental concerns and
behaviour (Van Liere & Dunlap 1980; Roberts 1995; Zimmer, Stafford & Stafford
1994). However, a study by Kinnear, Taylor and Sadrudin (1974) found no significant
relationship between education level and environmental concern, supporting these
results. An explanation for this study’s inconsistency with certain literature may be
the lack of current research into the influence of education level on environmental

concern, with the majority of studies investigating this relationship being conducted



over a decade ago. Over this time, education level may have become a less
important factor in determining level of environmental concern, explaining the

difference in results.

The oldest age category (individuals aged above 60) showed significantly lower
levels of environmental concern compared to those in the previous age category
(individuals aged 46-60) (p=0.002), following the trend of previous studies that reveal
older individuals to have lower levels of environmental concern (Honnold 2010;
Buttel 1979; Klineberg, McKeever & Rothenbach 1998; Arcury, Scollay & Johnson
1987). Due to this correlation, a study by Pillemer et al. (2017) suggests creating
programmes to increase environmental volunteering among older people, to raise
their levels of interest and concern for the environment. However, given that
environmental concern is quite variable among older adults, concluding that all older
people are unconcerned about the environment would be incorrect (Wright, Caserta
and Lund 2003). Conversely, neither group (individuals aged above 60 and 46-60)
showed significantly different scores compared to the other age categories, and
environmental concern did not decrease continuously with age. Individuals aged 46-
60 had the highest levels of environmental concern (Figure 5), so the results do not
follow exactly the same pattern as previous studies, which have suggested that

environmental concern decreases with age.

The literature shows that younger individuals have higher levels of environmental
concern (Honnold 2010; Buttel1979; Klineberg, McKeever & Rothenbach 1998;
Arcury, Scollay & Johnson 1987), commonly explained by them growing up in a time
period in which environmental concerns were a salient matter, so are more likely to
be more sensitive to these issues (Straughan & Roberts 1999). However, the results
from this study contradict this, as the lowest age category (18 to 25) had the second
lowest mean score for environmental concern (48.34). This could be explained by an
‘era effect’, which is where the overall political-social climate is growing more
conservative, so everyone may be less concerned about the environment than they
previously were (Gifford & Nilsson 2014). However, this would suggest that
environmental concern scores were low for all age categories, which was not the
case. Another explanation for younger individuals having lower levels of
environmental concern could be the “issue-attention cycle” (Downs 2016), where an

issue, such as the environment, varies in levels of public attention and interest over



time. At the time of the study, public attention of younger individuals towards the
environment may have been low, so younger individuals showed lower levels of

environmental concern.

The relationship between level of environmental concern and attitudes

towards GM foods

The relationship between attitudes towards GM foods and environmental concern
was significant (p=0.034), but only marginally, indicating that with further research
into this relationship, a more significant difference may become apparent. One
reason for the weak correlation may be the small sample size, as if a larger volume
of data was collected, a more significant relationship may have been identified. The
relationship between these two factors has not yet been explored in the literature,

thus there was a lack of existing data for comparison.

However, the data did show clear signs of heteroscedasticity (Figure 6), with
individuals in the higher categories of green score (most environmentally concerned
individuals) showing a greater variation in their attitude towards GM foods. An
explanation for this could be that individuals with high levels of environmental
concern and in support of GM foods may not know about the harmful effects of GM
foods on the environment, so do not have a negative opinion of them. Data from this
study showed that many individuals lacked sufficient knowledge on GM foods (Table
6). This could explain why some individuals with high levels of environmental
concern had positive attitudes towards GM foods, as they lacked knowledge on their
harmful impacts on the environment. Nonetheless, the associated benefits of GM
foods, such as ending world hunger, may outweigh the costs of environmental harm
to some more environmentally concerned individuals. Even though they have high
levels of concern for the environment, the perceived benefits may still outweigh the
costs for them. Further research into this relationship is required to confirm if these
results can be repeated, or if they are an anomaly, appearing only for this select

sample.

Interestingly, individuals aged 46-60 showed significantly both the most negative
attitudes towards GM foods and the highest levels of environmental concern. This

age category perfectly corroborates the hypothesis; demonstrating individuals with



high levels of environmental concern are less likely to favour GM foods. An
explanation for this age category having the most negative attitudes towards GM
foods may be that the individuals within this age group grew up with the development
of GM foods. Being aged between 1 and 15 when GM first appeared (1973)
(Paarlberg 2001), these individuals grew up at the same time GM foods were being
developed. Original attitudes towards GM foods may have been sceptical, as they
were a new and controversial concept, so the scepticism towards GM foods may
have remained with them throughout their lives. Similarly, a major negative event or
issue regarding GM foods may have occurred at an influential age for them, so they
may have retained negative attitudes towards them. In addition, these individuals are
at the age where they are likely to have children, so may be more concerned over
food safety. However, research from Miles et al. (2004) found no effect of having
children under 19 on concern over technological food safety issues. Individuals
within this age category having the highest levels of environmental concern may be
unique to this sample, so repeats of this study are required to confirm whether this

result is an abnormality.

Examination of comments, limitations and recommendations for further

research

11 participants left positive comments regarding GM foods, reporting that they are
the next clear advancement in agriculture, with benefits such as producing higher
yields, reducing pesticide use and decreasing food prices. On a global scale, GM
technology has helped reduce pesticide use, and it is estimated that the use of GM
on many varieties of crops has reduced pesticide use by a total of 22.3 million
kilograms of formulated product in the year 2000 (Phipps & Park 2002). Using GM
crops has also provided farmers with higher yields by modifying the crops to be
herbicide or pesticide resistant (Carpenter 2010). GM foods can provide many

benefits, and these can be a strong influence in shaping attitudes.

However, 14 respondents commented that they had concerns over the patenting of
GM food products, and were worried that larger companies may act unethically and
use GM foods for financial gain. An investigation from the Food Standards Agency

(Sheldon at al. 2009) found that many people had suspicions over the motivations of



the producers and regulators of GM foods, and were sceptical to trust them. Large
corporations, such as Monsanto, have caused some of the mistrust towards the
large-scale production of GM crops, and have previously been found to bribe
Indonesia’s environmental ministry to bypass an environmental study into the use of
their GM crops (Ferrell & Ferrell 2014).

Two respondents commented that they were okay with GM methods being used on
plants, but when used on animals (for food production), it was seen as unethical or
inhumane. In previous studies, the same opinion has been identified, with
respondents agreeing that the genetic modification of plants and microorganisms is
more acceptable than the genetic modification of animals (Honkanen & Verplanken
2004; Magnusson & Hursti 2002, Ribeiro, Barone & Behrens 2016). This may be
useful information for livestock farmers, as using GM on their animals may deter

people from consuming their products.

Another subject commonly identified throughout the comments was concerns
regarding the unknown (potentially harmful) long-term effects of GM foods and their
negative impact on the environment (Table 6). This finding is in accordance with
previous research, where uncertainty over the future safety of GM foods and their
impact on the environment has been found to cause hesitation in their support
(Bredahl 1999; Sheldon et al. 2009, Magnusson & Husti, 2002; Ribeiro, Barone &
Behrens 2016). GM agriculture does have negative impacts on the environment,
such as through creating herbicide resistant crops (Jank & Gaugitsch 2001).
Herbicides do not harm the GM resistant crops, but may decrease the surrounding
weed and invertebrate populations. This is detrimental, as other organisms rely on
these species for their own survival (Hails 2000). This will have a negative effect on
these species and eventually decrease biodiversity. Overcoming the negative
impacts of GM crops on the environment may influence people to have more positive

attitudes towards GM foods.

With 14 individuals mentioning their lack of knowledge on GM foods in the comments,
it can be concluded that it is not a subject on which all people have sufficient
knowledge. This may cause suspicion and unease towards their use, affecting an
individual’s ability to make an informed decision on the matter. In a recent study on
GM foods by Ribeiro, Barone and Behrens (2016), individuals were found to ask for



more information on the topic. By providing the public with more, honest information
on GM foods, it will allow them to make informed decisions regarding their attitude
towards them. This may aid agricultural companies growing GM crops, as Oz, Unsal
and Movassaghi (2017) found that individuals who were more knowledgeable about

biotechnology were more willing to purchase GM foods.

The ambivalence of opinions displayed in the comments is a common theme
throughout the literature. Many studies have found opinions on GM as a practice to
be sceptical or undecided (Sheldon et al. 2009; Honkanen & Verplaken 2004).
Valente and Chaves (2018) provide an explanation for this, saying that GM foods are

a highly controversial topic, so public opinion is not likely to be definite.

One of the most commonly mentioned concepts in the comments was the justification
of GM foods if used to aid in ending world hunger and to help farmers in developing
counties. By providing farmers in developing countries with GM crops to grow and sell,
production can increase, which consequently decreases malnutrition and provides
them with a source of income (Pinstrub-Andersen & Schioler 2001). Toenniessen,
O'Toole and DeVries (2003) claim that developing countries are benefiting from
advances in plant technology, and should continue to benefit significantly.
Unfortunately, developing countries are not always the primary focus of most GM
agricultural projects. In 2011, 77% ($10.3 billion) of the global GM crop market
belonged to industrialised companies, with only 23% ($3 billion) belonging to
developing countries (James 2011). More investment from governments and
companies into small-scale farmers is required if GM foods are to solve the world

hunger crisis.

The most notable limitation of this study was the sampling: the small sample size
and use of random sampling. This limited the data and affected the external validity
of the results, as trends identified in a large amount of literature were not present in
the results collected. The inconsistency with the literature caused some data to be
externally invalid. This is likely due to a lack of data, with only 214 questionnaires
completed and a limited range of distribution. In addition, random sampling
prevented the collection of an equal distribution of individuals from each age, gender
and education level category. Repeats of this study should aim to collect a larger
sample to ensure external validity. In addition, if repeated, stratified sampling should



be used, as it allows a more statistically representative sample to be collected
compared to random sampling (Trost 1986).

Future research could investigate if an individual’s level of knowledge on GM foods
effects their attitude towards them. This study’s participants and those from previous
studies displayed a lack of knowledge on GM foods, which may have influenced their
attitudes towards them. Attitudes towards GM foods could be measured before and
after providing information on the impacts, uses and safety of GM foods. This would
reveal if knowledge on GM foods influences attitudes towards them. By conducting
this study, companies and policy makers would know if effectively informing the

public would improve their attitudes towards GM foods.

Despite the limitations of this study, the results clearly indicate a significant
education campaign is required to educate the public honestly on the basics of GM
foods, and their impacts on both humans and the environment. This may include
more positive research featured in the media, such as educational documentaries or
TV shows on GM foods, or more education within schools and universities on GM

foods.

From a policy perspective, these findings are important. If the government believes
that GM foods present no risk to individuals or the environment, but their
development is prevented as a result of public hostility, then these results will
highlight which groups of people are most opposed to GM foods. This will allow the
government to identify the target audience for initiatives regarding the promotion of
GM foods. This study identifies individuals aged 46-60 are most opposed to GM
foods, indicating that individuals within this age group are whom campaigns should

be targeted towards.

The results from this research are limited, so only make a small contribution to an
area where further research is required. However, it is important to gain an in-depth
understanding of the factors that contribute to public resistance, and this study brings
forward a novel concept of what may influence attitudes towards GM foods. Over
time, results from this study, and larger-scale repeats of this study, may divulge new

and reliable information on what factors influence attitudes towards GM foods.



Conclusion

The findings of this study both support existing research and contribute new
information regarding what factors influence attitudes towards GM foods, extending
the existing knowledge of the area by reinforcing current thinking. However, some
results differ from existing research, and so future research should aim to clarify

these relationships.

This study has identified that there is a significant, but weak, negative relationship
between an individual’s level of environmental concern and their attitudes towards
GM foods. The hypothesis that people who are concerned about the environment
are less likely to favour GM foods is thus accepted. However, the data showed clear
signs of heteroscedasticity, with the most environmentally concerned individuals
showing a greater variation in their attitude towards GM foods, which contradicts the
hypothesis. This may be due to some individuals having limited knowledge on GM
foods and their negative environmental impacts, hence they do not have a negative
opinion of them. This is supported by information provided in the comments section
of the questionnaire, which revealed many individuals lacked adequate knowledge
on GM foods. However, more investigation into this relationship is needed to confirm
the association between environmental concern and attitudes towards GM foods,

and to identify the underlying reasons behind it.

Age had a significant effect on levels of environmental concern and attitudes towards
GM foods. Individuals aged above 60 had the lowest levels of environmental
concern, confirming results from previous research where older individuals were
found to have lower levels of environmental concern. However, level of
environmental concern did not decrease continuously with age, with the youngest
age category (individuals aged 18-25) showing the second lowest levels of
environmental concern, opposing trends from existing research. The results from this
research found individuals aged 46-60 were more likely to be against GM foods. The
existing literature displays contrasting results, with some studies showing older
subjects to have more positive attitudes towards GM foods, while others revealed the
opposite. The influence of age on attitudes towards GM foods and level of
environmental concern requires further investigation to elicit the nature of these

relationships.



Gender and level of formal education had no significant effect on both levels of
environmental concern and attitudes towards GM foods. These findings do not fit the
literature norm, and can be explained by the uneven distribution of genders in the

study sample and the small sample size.

Comments from the questionnaire suggested that many participants are ambivalent
towards GM foods, with the majority of concerns relating to the unknown long-term
effects, the negative environmental impacts and corporations using GM foods
unethically. Individuals commonly expressed lacking sufficient knowledge on GM
foods, explaining their unease towards their use. The perceived benefits of using GM
foods to end world hunger facilitated their use to some respondents. This research
concludes that if GM is to be used as part of the solution to sustainable food
production, more emphasis is required on educating individuals on GM foods, their

uses and future impact.

Although only age was shown to influence levels of environmental concern and
attitudes towards GM foods, it is likely that a mixture of age, gender and education
level ultimately decide how environmentally concerned an individual is and their
attitudes towards GM foods. Age, gender and education level were all shown to
influence attitudes towards GM foods and environmental concern in the existing
literature, so it would be irresponsible to ignore them when drawing conclusions on

the studied relationships and when planning future research.

In conclusion, the study confirms that an individual’s level of environmental concern
does influence their attitude towards GM foods. In a context where the development
of GM food is prevented due to public hostility, this research and results from similar
research may be important for GM companies and for government policy making.
The results identified which groups of people are more likely to oppose GM foods
(individuals aged 46-60), and therefore might enable initiatives and advertisements

to be planned to target specifically these groups.

Due to inconsistencies between the results of this study and the existing literature,
future research should focus on investigating the importance of age on both attitudes
towards GM foods and levels of environmental concern. In addition, further
investigation into the link between attitudes towards GM foods and levels of



environmental concern is required, to confirm if the results from this study can be

replicated, or if they are an anomaly.
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