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A Comparison between Perception of Risk and Willingness to 
Serve Genetically Modifi ed Foods
William Nganje, Cheryl Wachenhiem, and William Lesch

The dichotomy between perceptions of the acceptability of risk associated with genetically modifi ed (GM) foods and 
willingness to consume GM foods is investigated. Results indicate that some consumers are willing to consume GM foods 
even though they may perceive such foods as somewhat unsafe, with determinants such as self-perceived knowledge 
about the availability of GM foods and altruistic motives having positive and signifi cant effects on their consumption 
decisions. Efforts toward decreasing perception of risk and ultimately increasing acceptance of and demand for GM 
foods should address issues related to their altruistic characteristics and outrage. 
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A decade after commercialization, genetically 
modified (GM) seed varieties have permeated 
modern production agriculture. There has been 
double-digit growth in hectares planted to GM va-
rieties every year since their introduction, resulting 
in an estimated 81 million hectares, fi ve percent 
of the world’s cultivatable acres, planted to GM 
varieties worldwide (James 2004). Farmers in the 
United States and elsewhere continue to rapidly 
adopt GM varieties because of their agronomic 
and economic advantages.1

In spite of its widespread use, a majority of con-
sumers continue to be relatively uninformed about 
biotechnology and the resulting prevalence of GM 
ingredients in processed food products (Wachen-
heim 2004). For example, Doering (2005) reports 
that 58 percent of Americans are unaware of the dif-
ference between GM and conventional foods. This 
is not particularly surprising, because food products 
are not labeled with their GM content.

Consumer acceptance of GM products has been 
mixed, and research efforts have been devoted to 

defi ning its sources. Opposition to GM foods is 
driven primarily by concerns about food safety 
and environmental risks associated with their use 
(Onyango and Nayga, 2004). Not yet well addressed 
is whether consumer acceptability as motivated by 
perception of risk translates into willingness to 
consume products with GM ingredients. 

We used a phone survey to elicit consumers’ risk 
perceptions and intended consumption behaviors 
and test whether a gap exists between respondents’ 
perceptions and their willingness to consume GM 
foods. Furthermore, multinomial logit models are 
developed to determine the marginal effects of 
variables affecting risk perception and willingness 
to serve or consume GM foods, extending the three 
major categories of factors affecting perceived risk 
(social and cultural characteristics, personal health 
infl uence, and perceived locus of control) to in-
clude outrage and altruism. The risk-communica-
tion literature suggests that outrage—how upset an 
occurrence is likely to make people—is a major 
contributing risk factor and that factors that tend to 
increase knowledge or information about a product 
will reduce risk attributable to outrage (Sandman 
2000).2 Altruism, specifi cally benefi ts to poorer 
populations, may affect risk perception, as these 
populations may be in dying need for subsistence, 
as in the case with Golden rice. It is hypothesized 
in this study that gaps exist between levels of 
perceived risks associated with GM foods and 
willingness to serve these foods, and information 
that reduces outrage or identifi es altruistic benefi ts 
plays a signifi cant role in the consumption decision 
of GM foods. 

1 Reports show an increasing trend of GM crops for agronomic 
(e.g., disease resistance and better yields) and economic (e.g., 
commercialization of desirable traits) reasons. Examples of 
such GM crops include cotton, maize, papaya, potato, rapeseed, 
rice, soya bean, and wheat. Some of these crops have had 
approval for application in the U.S., E.U, Canada, Africa, Asia, 
and Mexico (GMO Compass 2008; Hao 2006). GM Acreage 
for soybean and corn are also on the rise for economic reasons 
(Consumer Choice 2001). These reports indicate that these 
increasing trends will continue.

2 Outrage describes effects caused by lack of personal 
knowledge of facts associated with biotechnology, its use, 
and the resultant products.
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Previous Literature

Perceptions of GM Foods

Research considering consumer acceptance of 
GM food products has grown during recent years 
as these products have become a part of our regular 
food supply. For years, the literature argued that 
there was a lack of information about consumer 
acceptance of GM food products and that what 
was available was, in general, too specific in 
product and/or audience to be considered of gen-
eral use. More recently, Wachenheim (2004) notes 
that while there is a growing body of literature, it 
remains somewhat diffi cult to synthesize this re-
search because of differences in what is measured. 
In particular, she notes that several proxies have 
been used in the literature to represent consumer 
acceptance including awareness of, attitudes about, 
acceptance of, and willingness to pay for GM food 
products or those containing GM ingredients. Also 
confounding general conclusions is the variability 
in how GM products and processes are introduced, 
ranging from biotechnology in general to specifi c 
products with attributes defi ned by type and value 
to the consumer. 

Nevertheless, several conclusions from the lit-
erature are noteworthy. First, consumers are still not 
well informed about biotechnology and the avail-
ability of GM food products. For example, Hallman 
et al. (2003) reported that only half of Americans 
were aware that GM food products were available 
in grocery stores, even after genetic modifi cation 
had been defi ned to them in the survey instrument. 
Second, consumer acceptance of, or resistance to, 
GM foods and processes depends, sometimes con-
siderably, on how the applications or their results 
are described (Hossain et al. 2003; Onyango and 
Nayga 2004). Approval in general grows when spe-
cifi c products or attributes are noted or when GM 
products are positioned to provide some specifi cally 
defi ned benefi t such as providing more nutritious 
grain to help feed those in poor countries, but de-
clines with others. This second conclusion corre-
sponds with the third, that providing information 
about biotechnology, and in particular its benefi ts 
with specifi c attributes, can increase acceptance of 
and demand for GM foods. 

Furthermore, consumer attributes also affect at-
titudes about and willingness-to-pay for GM foods. 

Demographics considered in the literature include, 
but are not limited to, gender, income, education, 
and race. In general, men and those with higher 
levels of education and income are more accept-
ing of biotechnology than are their counterparts 
(Wachenheim 2004). Other factors such as age 
and location of residence have been shown to have 
an effect, although the strength and even direction 
of the effect is not conclusive. In fact, while often 
statistically signifi cant in effect, demographics 
alone generally are not very useful in predicting 
acceptance of GM foods (Wachenheim 2004). Also 
considered have been behaviors (e.g., whether the 
respondent reads labels, participates in organized 
religion), knowledge about agricultural processes 
(especially biotechnology), and attitudes (e.g., 
degree of trust in government regulation of food). 
Some authors have used their results to hypothesize 
about market segments for (non-)GM products. 

A fi nal conclusion is that perception of risks as-
sociated with biotechnology and the resultant food 
products are different. Those perceived as invol-
untary, wherein the consumer is without choice in 
accepting the risk, can be especially troublesome to 
consumers, and perceived long-term risks to society 
and the environment may not correspond with cur-
rent reluctance to consume GM foods (Anderson, 
Wachenheim, and Lesch 2005). 

Risk Perception and Consumption Decision

The literature identifi es categories of factors in-
fl uencing consumers’ risk perceptions: social and 
cultural characteristics, personal health infl uence, 
and perceived locus of control (Grobe, Douthill, 
and Zepeda 1997; Adu-Nyako and Thompson 1999; 
Nganje, Kaitibie, and Taban 2005). Social and cul-
tural factors include gender, race, family size, and 
membership in consumer, scientifi c, or environ-
mental groups, as well as economic factors such as 
income level and price of the product (Adu-Nyako 
and Thompson 1999). Personal health infl uence rep-
resents factors that characterize health attributes like 
added vitamins and hormones to reduce diseases 
(Weinstein 1988; Bernard, Pan, and Sirolli 2005). 
Finally, perceived locus of control represents factors 
characterizing consumers’ perceptions of how food-
safety risks are managed, like labeling and identity 
preservation, and prior risk experience. In the case 
of GM foods, the above characterization of risk is 
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limited by the fact that risk is viewed basically as 
hazard, rather than hazard plus outrage. 

Sandman (2000) points out that risk can only be 
effectively measured when categories of variables 
are identifi ed to measure hazard and outrage. For 
example, irradiation has been shown to be very 
effective in eliminating microbial risks (reduced 
hazard), yet some consumer surveys show that 
consumers perceive irradiated products as some-
what unsafe because of unknown risks (outrage) 
associated with irradiation and cancer. Consumers’ 
perception of risk with irradiated beef ultimately 
affects their consumption decisions. We investigate 
the role of consumer knowledge on risk perception 
of, and willingness to serve, GM foods. 

Furthermore, we are witnessing an emerging 
trend with factors that affect the consumption deci-
sion, as individuals or groups take on a more active 
role in affecting or attempting to affect the products 
they and others consume. For example, animal wel-
fare groups have increasingly become more active 
participants in making sure animals are handled 
well. Consumer groups will pay a premium for or-
ganic produce to support healthy farming practices 
or for altruistic reasons (develop markets for poor 
farmers), although health claims for these products 
have not been validated by current research. Others 
will pay a premium to support products that will 
address nutrition issues for poorer communities 
and populations. The marginal contribution of 
these “feel-good set of attributes or actions” on 
consumption decisions is a new and growing area 
of investigation. To address this emerging consumer 
behavior trend, we test the hypothesis that altruistic 
factors signifi cantly affect consumption decisions. 
The inclusion of risk communication and altruistic 
variables in consumer-choice theory may provide a 
better understanding of current and future consump-
tion-decision analysis.

Survey Design, Methodology, and Estimation 
Procedure

Survey Design and Sample Characteristics

A telephone survey was used to elicit perceptions of 
North Dakota shoppers 18 years or older about GM 
foods. The survey was conducted by the Social Sci-
ence Research Institute at the University of North 
Dakota. Data were collected between November 

20 and December 8, 2003. The target population 
was randomly selected adults in North Dakota who 
reported they had performed most of the household 
grocery shopping in the prior month. 

The majority of interviews were conducted on 
weekday and Sunday evenings. Efforts to complete 
interviews with selected respondents were exten-
sive. The number of callbacks to complete an inter-
view with an eligible respondent ranged from one 
to nine. Using the most conservative approach to 
calculate response rate, that adopted by the Coun-
cil of American Survey Research Organizations 
(CASRO), the response rate was 64 percent. The 
response rate increases to 67 percent if calculated 
by the Upper Bound method used by the federal 
government. The average telephone interview time 
was approximately 16.5 minutes. Additional details 
of the survey and its implementation can be refer-
enced from Wachenheim and Lesch (2004). 

Information collected included demographic and 
social characteristics, health infl uence and product 
characteristics, altruistic benefi ts, perceived locus 
of control and food safety risk, and outrage (lack 
of the true knowledge of reality) related to GM 
processes and products. Table 1 summarizes the 
variables used in this study. 

Prior to responding to the introduction of the 
main elements of the questionnaire, participants 
were read the following definition of genetic 
modifi cation.

“Here is a description used by food scientists. 
GMO stands for genetically modifi ed organ-
ism. It refers to the process of modifying 
plants or animals by adding genes to change 
the makeup of the original organism. The tra-
ditional plant development process uses cross 
breeding, which requires plants be similar, 
and it takes time. The genetic modifi cation 
process moves genetic material from one or-
ganism to another, desirable genes to plants 
or between dissimilar plants or animals. It 
produces plants with desired characteristics 
faster than traditional cross breeding.” 

The pool of 408 respondents was predominantly 
female (67 percent) and mostly Caucasian (89 per-
cent). Most persons were married (62 percent), 
with 57 percent of households reporting that their 
annual household income was above $40,000, al-
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Table 1. Variables Used in the Multinomial Logit Models.

Variable Description
Dependent variables

Risk involved in GM foods is acceptable
Willing to serve or consume GM foods

0 = Neutral; 1 = agree; 2 = disagree
0 = Neutral; 1 = agree; 2 = disagree

Health infl uence and product characteristics
GM hormones that enable cows to produce beef with 

less cholesterol
Willing to buy GM product containing added vitamins 

and minerals for better nutrition
GM fruits and vegetables that are less expensive
Willing to buy GM product with a better fl avor.

1 = approve; 2 = undecided; 3 = disapprove

1 = much more willing; 5 = much less willing

1 = approve; 2 = undecided; 3 = disapprove
1 = much more willing; 5 = much less willing

Altruistic and manufacturer benefi ts 
GM for more nutritious grain that could feed people in 

poor countries
GM food will benefi t many people
Companies involved in GM crops believe profi ts more 

important than safety

1 = approve; 2 = undecided; 3 = disapprove

1 = strongly agree; 5 = strongly disagree
1 = strongly agree; 5 = strongly disagree

Perceived locus of control and food safety risk
Feel about animals created using GM
GM food presents no danger for future generations 
Risks of GM have been greatly exaggerated

1 = strongly approve; 5 = strongly disapprove
1 = strongly agree; 5 = strongly disagree
1 = strongly agree; 5 = strongly disagree

Outrage
Is GM on food label?
Any GM food products in grocery stores?
Should GM foods be labeled? 
I am adequately informed about biotechnology
Government regulators have best interests of public in 

mind

1 = yes; 2 = unsure; 3 = no
1 = unsure; 0 = otherwise
1 = yes; 2 = unsure;3 = no
1 = strongly agree; 5 = strongly disagree
1 = strongly agree; 5 = strongly disagree

Social and demographic characteristics
Number of people shop for
Grow up on farm
Married
Gender
Race
Income

Member of environmental group
Member of scientifi c group
Member of consumer group

1 = 1; 2 = 2; 3 = more than 2
1 = yes; 2 = no
1 = yes; 2 = no
1 = male; 2 = female
1 = Caucasian; 0 = other
Categories from less than 20,000 (0) to 
greater than 75,000 (5)
1 = yes; 2 = no
1 = yes; 2 = no
1 = yes; 2 = no
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though 27.5 percent reported an income of $20,000 
or less. Forty-one percent reported children in the 
household under age 18, and the average age of 
interviewees was 50. As North Dakota is a decid-
edly agricultural state, it was not surprising that 
roughly one-half of those participating in the survey 
had grown up on a farm and that approximately 10 
percent were active farmers. 

Level of awareness of GM foods assessed 
through unaided recall was low, and few respon-
dents—less than fi ve percent—could accurately 
defi ne GM. However, those accurately reporting 
that GM was absent on food labels increased to 61 
percent once the defi nition of genetic modifi cation 
was offered. Only 37 percent of shoppers correctly 
reported the presence of GM-based foods in gro-
cery stores; 41 percent were unsure. Hallman et al. 
(2003) reported that 52 percent of adults nationwide 
reported such foods could be obtained in grocery 
stores. Nationwide, a lower percentage of respon-
dents was unsure. In the current study, 83 percent 
of shoppers thought GM food products should be 
labeled as such. Sixty-three percent disagreed that 
they were adequately informed about biotechnol-
ogy; only 22 percent agreed. 

Shoppers reported a relatively high level of 
propensity to purchase GM products when they 
were offered an enhanced health trait. Seventy-
eight percent were more willing to purchase an 
enhanced GM pasta product (than a same-priced 
traditional pasta product) when it contained added 
vitamins and minerals, although this declined to 59 
percent for pasta enhanced to provide only better 
fl avor. Respondents were more accepting of bio-
technology in plants than in animals. Two-thirds of 
respondents approved of plants created using GM, 
while only 28 percent approved of animals created 
using GM. The national study by Hallman et al. 
(2003) reported similar proportions (49 percent and 
27 percent, respectively).

Degree of shopper acceptance as measured by 
approval for GM applications also varied by prod-
uct. Applications involving an altruistic element 
received the strongest support. For example, 72 
percent approved of GM methods to develop more 
nutritious grain to feed people in poor communities 
and countries. 

In general, respondents had some concern about 
risks. Only one in four agreed that the risks involved 
in GM foods are acceptable; nearly half disagreed. 

However, 40 percent agreed that the risks associ-
ated with GM foods have been greatly exaggerated, 
and only one in four disagreed. Only 21 percent 
agreed that GM food presents no danger for future 
generations; 51 percent disagree. Nearly 40 percent 
indicated a willingness to consume GM foods in 
their family; An equal number disagreed. 

Sixty-one percent agreed that fi rms involved 
in creating GM crops believe profits are more 
important than safety (21 percent disagreed). Only 
27 percent of respondents agreed that government 
regulators have the best interests of the public in 
mind; 56 percent disagreed. This is surprising given 
the general opinion that consumers in the United 
States trust the government to protect the food 
supply. In-depth analysis of the data is presented 
to further explore the link between perceptions of 
risk and willingness to consume GM foods. 

Economic Model and Methodology

Individuals will consume more of a particular bundle 
of a good if they perceive their utility will increase 
from that obtained from an initial consumption 
bundle if cost and associated risks do not change. 
Identifying perceived risk associated with alterna-
tive consumption bundles is challenging because it 
is intangible and includes outrage, a qualitative risk 
factor. As a result, consumption-decision models 
often focus on pricing strategies. However, in light 
of its importance, understanding the effect of risk 
perception on consumption decisions is essential 
for designing strategies to increase demand for a 
product. In the present context, the goal is to as-
sess the relationship between risk perception and 
consumption decisions as an input towards assess-
ing the effi cacy of reduction in perceived risk to 
increase demand for GM food products.

For risk-reduction strategies to increase demand, 
they must increase the difference in expected util-
ity between goods with higher and lower perceived 
risks. Essentially, providing information on food 
labels and identity preservation that reduces per-
ceived risk and/or increases perceived benefi ts of 
GM foods should increase demand for GM food 
products. However, since consumers respond differ-
ently to changes in food-safety risks, such as outrage, 
there is no a priori theoretical indication of the direct a priori theoretical indication of the direct a priori
effect of reduced risk and increased consumption. 
Consequently, an empirical model is necessary. 
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It is not necessary to estimate each consumer’s 
utility function. The probability of choosing a par-
ticular GM food consumption bundle, as a function 
of risk-perception attributes, can be estimated in-
stead using a discrete-choice model. Translating the 
difference in expected utility into a workable limited 
discrete-choice model requires assuming a distri-
bution for the difference between the error-term 
coeffi cients. Assuming the error terms are random 
independent variables following a Weibull distribu-
tion, the distribution of the difference between the 
errors is logistic (Domenich and McFadden 1975). 
Since consumers are assumed to choose among 
three alternative risk levels (GM risks are accept-
able, GM risks are not acceptable, and uncertain) 
and three consumption levels (will serve GM foods 
to my family, will not serve GM foods to my family, 
and uncertain), the model reduces to a multinomial 
logit model, where the probability of choosing al-
ternative risk or consumption levels is a function 
of all three categories of risk-perception variables 
and outrage and altruism proxies. 

A multinomial logit model was used to evaluate 
the marginal effects of risk perception and other at-
tributes on acceptability of risks. The model is also 
used to evaluate the effect of risk perception attri-
butes on consumers’ willingness to serve GM foods. 
A similar model was used by Schupp, Gillespie, 
and Reed (1998); Moutou and Brester (1998); and 
Nganje, Kaitibie, and Taban (2005).

The probability of the ith risk-perception cat-
egory on an individual’s choice of jth GM risk or 
consumption decision follows the logistic distribu-
tion
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Estimation Procedure

The multinomial logit models were estimated using 
the Nlogit software package (Greene 2004). Nlogit 
uses the full-information maximum-likelihood esti-
mation procedure to ensure that parameter estimates 
are effi cient and unbiased. We also used a choice-
based sampling-estimation procedure to correct for 
potential multicollinearity problems. A two-level 
nested multinomial logit model was estimated to de-
termine model fi tness and to test the independence 
of irrelevant alternative (IIA) assumption. In Level 
One consumers choose a risk level and in Level Two 
they make consumption decisions (whether or not to 
serve GM foods). The test hypothesis was rejected 
in favor of multinomial logit models.3

While the survey responses from consumers 
show a gap in risk perception and consumption 
decisions, additional tests to support the use of 
separate multinomial logit models for perceived 
risks and consumption were necessary. These tests 
are also used to determine whether the dichotomy 
between perceived risk and willingness to serve 
GM foods is signifi cant. Traditional tests for the 
equality of multinomial logit models (e.g., Swait 
and Louviere 1993; Hearne and Salinas 2002) 
were not applicable because of major differences 
between perception of risks and consumption. A 
non-parametric Mann-Whitney test was used to 
compare the distribution of responses regarding 
consumers’ GM risk perceptions and their will-
ingness to serve GM foods. To carry out the test 
measures, consumers are assembled into a single 
set of size N = na + nb. The N-size measures are 
then ranked in ascending order and the rankings 
returned to the original samples in place of the raw 
measures, so that na is the number of ranks in group 
A (the consumers’ perceptions of risks), and nb is 
the number of ranks in group B (their consumption 
decision). In addition, we defi ne TA as the sum of A as the sum of A
na ranks in group A, TB as the sum of nb ranks in 
group B, and TABgroup B, and TABgroup B, and T  as the sum of N ranks in groups A 
3 To perform a likelihood-ratio test for IIA, we considered the 
multinomial logit model with its implied IIA as a restricted 
version of the general nested logit model estimated with full-
information maximum likelihood (Greene 2004). The restricted 
model gives a log likelihood value of −151.126, while the 
unrestricted model gives a log likelihood value of −147.112. 
The resulting likelihood-ratio test statistic (χ = 4.003) fails to 
reject IIA when compared with the tabular value (χ = 5.99, α
= 0.05, 2df).
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and B. The Mann-Whitney test used here is based 
on the z test, which is defi ned as 

(3) z
T

=
( )T( )Tobs( )obsTobsT( )TobsT T( )T−( )− ±( )µ( )

σ
0 5.0 5.0 5

 ,

where T is the observed value for either TAwhere T is the observed value for either TAwhere T is the observed value for either T  or TA or TA B, 
mT is the mean of the corresponding sampling dis-
tribution of T, σT is the standard deviation of that 
sampling distribution, and 0.5 is used as a correction 
for continuity (with −0.5 used when Tobsfor continuity (with −0.5 used when Tobsfor continuity (with −0.5 used when T  > T and +0.5 T and +0.5 T
used when Tobsused when Tobsused when T  < mT). 

Results and Discussion

Dichotomy of Response

The Mann-Whitney test compared the distribution 
of responses to consumers’ GM risk perceptions and 
their willingness to serve GM foods. With a calcu-
lated symmetric z-value of 0.6155 and a p-value of 
0.0001, we conclude the dichotomy is signifi cant. 
Some consumers who perceive GM to be risky 
would continue to serve GM foods to their family. 

Regression Results

Table 2 provides additional details about the di-
chotomy. Overall, only 25 percent of respondents 
agreed that the risk associated with GM foods is 
acceptable. Among them, most (78 percent) were 
willing to serve GM foods to their families; 12 

percent were not. However, a lower percentage of 
those who did not believe risks were acceptable (68 
percent) were unwilling to serve GM foods. Further 
supporting the argument that willingness to serve 
GM foods is not contingent on a belief that risks are 
acceptable, only 52 percent of those willing to serve 
GM foods believe risks are acceptable; 33 percent 
were neutral risks are acceptable; and 15 percent 
did not believe risks are acceptable. Correlation of 
level of agreement between the two statements was 
0.649 (p = 0.000). 

Results of the multinomial logit models iden-
tify the marginal effects of factors contributing to 
the gap between food-safety risk perceptions and 
consumption. Results are presented in Table 3. The 
models had good fi ts. The likelihood-ratio value 
was −150.35 and −141.34 for the risk-perception 
and willingness-to-serve models, respectively, 
with signifi cant chi-squared values. The pseudo 
R-squared for the risk-perception model was 39.8 
percent, with 73.3 percent of observations predicted 
correctly. The pseudo R-squared for the willing-
ness-to-serve model was 42.4 percent with 73.7 
percent of observations predicted correctly. Only 
those relationships that are signifi cant are discussed 
here. They are also summarized in Table 4. 

Social and Demographic Characteristics

Demographic variables infl uencing the likelihood a 
respondent would (dis)agree that the risk associated 
with GM foods is acceptable differed from those 
associated with (un)willingness to serve GM foods. 

Table 2. Risk Perception and Willingness to Serve, Crosstabs* (%).

Willingness to serve

Willing Neutral Unwilling Total

Risk
Perception

Acceptable 19.5 2.7 2.9 25.1
Neutral 12.4 10.0 5.3 27.7

Unacceptable 5.6 9.4 32.2 47.2
Total 37.5 22.1 40.4

* Percentage of respondents in both categories shown (e.g., 19.5 percent of respondents considered level of risk acceptable and were 
willing to serve GM foods to their families.
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Table 4. Risk Perception and Willingness to Serve, Signifi cant Variables*.

Risk involved in GM 
food is acceptable

Variable Willing to serve GM 
foods to my family

Agree Disagree Agree Disagree

- (.001)
- (.063)
+ (.114)
+ (.016)

Health infl uence and product characteristics
GM hormones for beef with less cholesterol
Buy GM product with vitamins and minerals

Less expensive GM fruits and vegetables
Willing to buy GM product for better fl avor

+ (.115)
 - (.000)

+ (.116)

+ (.053)
- (.046)

+ (.051)
+ (.061)

Altruistic and manufacturer benefi ts 
GM to feed people in poor countries
GM food will benefi t many people

+ (.040)
- (.000) +(.061)

- (.002)

+ (.009)
+ (.001)

Perceived locus of control and food safety risk
Feel about animals created using GM

GM food no danger for future generations 
Risks of GM greatly exaggerated

- (.004)

- (.000) - (.046)
+ (.054)

Outrage
Any GM food products in grocery stores?

Should GM foods be labeled? 
I am adequately informed about biotechnology

Government has best interests of public 

- (.053)
+ (.084) + (.119)

-(.065)

+(.002)

- (.069)

- (.090)

- (.106)

Social and demographic characteristics
Number of people shop for

Grow up on farm
Married
Gender
Race

Income
Member of environmental group

Member of scientifi c group
Member of consumer group

- (.026)

+ (.003)
- (.002)
+ (.095)

* Indicates sign (and level of signifi cance) of coeffi cient. For two signifi cant variables in the willingness to serve estimate (buy GM 
product with vitamins and minerals for the agree estimate, and member of consumer group for the disagree estimate), the coeffi cient 
is positive, but the marginal effect is negative.
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Only one demographic variable was signifi cant in 
infl uencing the likelihood a respondent would agree
that the risk associated with GM foods is acceptable. 
Respondents shopping for more people were less 
likely to agree the risk is acceptable. This variable, 
coded 1 for a single-person household, 2 for a two-
person household, and 3 for all others, differentiated 
not only single-, dual-, and multiple-person house-
holds but also served as a proxy for households with 
children. Most (90.7 percent) of respondents shop-
ping for only one or two individuals did not have 
children under 18 years of age living at home. (The 
relationship is not perfect because of single-parent 
households with one child and households with 
children 18 years of age or older living at home.)

Two demographic variables were signifi cant 
in infl uencing the likelihood a respondent would 
disagree that the risk associated with GM foods is 
acceptable: farm background and gender. Somewhat 
surprisingly, those growing up on a farm were more 
likely to disagree that the risk of GM is acceptable, 
and the marginal effect was large, with those coming 
from a farm 23.6 percent more likely to disagree. In 
part, this may be due to the fact that commercial-
ized applications in agriculture of biotechnology are 
relatively new and older shoppers, despite their farm 
background, may not be as familiar with and, in fact, 
suspicious of the technology. The marginal-effect 
analysis also revealed that females were 15.7 percent 
less likely to disagree that the risk is acceptable than 
are males. This is also unexpected given that previ-
ous literature supports that, in general, females are 
more concerned with the risks of new technologies 
(Gaskell et al. 2004; Bernard, Pan, and Sirolli 2005; 
Hwang, Roe, and Teisl 2005). As the primary shop-
pers, women may be more familiar with the current 
use of GM commodities in food products. 

Race was a signifi cant demographic variable in 
the willingness-to-serve model. Importantly, Cau-
casian respondents were 52.9 percent less likely to 
be willing to serve GM foods to their families than 
others. This contrasts with Hossain et al. (2003), 
who reported that whites were more accepting of 
GM foods and Hwang, Roe, and Teisl (2005) who 
found lower levels of concern about food technolo-
gies among whites. However, as noted by Bernard, 
Pan, and Sirolli (2005), there is little in the litera-
ture regarding the effect of race on acceptance of 
GM foods. Non-Caucasians in North Dakota are 
not representative of the United States, especially 

because of the higher-than-average American Indian 
population. American Indian and Alaska Natives 
make up 6.2 percent of the North Dakota population, 
compared to 1.8 percent for the United States as a 
whole (U.S. Census Bureau 2004). No demographic 
variables were signifi cant in their infl uence on the 
likelihood a respondent would disagree that they 
would serve GM foods to their family.

Variables representing membership in groups 
were signifi cant and important in both models. 
As expected, those who are members of an envi-
ronmental group were 32.8 percent more likely to 
disagree that the risks of GM foods are acceptable. 
Those who are members of a scientifi c group were 
48.4 percent less likely to agree that the risk is ac-
ceptable and were 64.2 percent more likely to dis-
agree that they are willing to serve GM foods to their 
families. This could be somewhat unsettling, based 
on the industry’s notion that a consumer educated 
about biotechnology will be more accepting of such, 
if one makes the assumption sometimes extended 
in the literature that those who are members of a 
scientifi c group are, on average, better educated 
about biotechnology or the science involved in 
agriculture in general. Membership in a consumer 
group infl uenced only the likelihood of respondents 
agreeing or disagreeing that they were willing to 
serve GM foods to their families, but the effect was 
important. As expected, membership in a consumer 
group decreased by 78 percent the likelihood that a 
shopper agreed that they were willing to serve GM 
foods and increased by 20.7 percent the likelihood 
that they disagreed. 

Health Infl uence and Other Product Characteristics

Variables representing the intent of using biotech-
nology and the results of such in terms of product 
characteristics were significant in each model, 
particularly the likelihood that a respondent would 
disagree that the risks involved in genetic modifi ca-
tion are acceptable, or agree that they were willing 
to serve GM foods to their families. Somewhat 
unexpectedly, those less approving of the use of 
biotechnology for health benefits (to decrease 
cholesterol level in beef or to increase vitamin 
and mineral content of a product) were less likely 
to disagree that the risks involved with genetic 
modifi cation are acceptable. These variables did 
not have a signifi cant effect on the likelihood that 
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respondents would agree that risks are acceptable. 
Also unexpected was that those less willing to buy 
an enhanced GM product with more vitamins and 
minerals were more likely to agree that they would 
be willing to serve GM foods. This may imply that 
consumers who are more concerned about their 
diet (e.g., those most interested in added vitamins 
and minerals) may be less accepting of GM food 
products in general. 

As expected, those less supportive of genetic 
modifi cation to produce less expensive fruits and 
vegetables or provide better flavor were more 
likely to disagree that the risks are acceptable, al-
though the latter result was not signifi cant. Those 
less supportive of genetic modifi cation to produce 
less expensive fruits and vegetables were also less 
likely to agree that they were willing to serve them 
to their families. 

Altruistic Motives for Biotechnology

Beliefs about GM based on altruistic motives were 
signifi cant in both models. As expected, those with 
a stronger belief that GM food will benefi t many 
people were more likely to agree that the risks are 

acceptable and more willing to serve GM foods to 
their families and were less likely to disagree with 
each statement. Perceptions about the potential 
of GM had particularly large marginal effects on 
the level of (dis)agreement that respondents were 
willing to serve GM foods. Those who were more 
supportive of the use of GM to feed people in poor 
countries also were less likely to disagree that the 
risks are acceptable. Unexpectedly, they were also 
less likely to agree that the risks are acceptable and 
that they would serve GM foods to their families. 
The former result had a relatively small marginal 
effect. The link between altruistic characteristics 
and consumption is important in unraveling the mar-
ginal contribution of a “feel-good set of attributes 
or actions” on consumer decisions and is a new and 
growing area that needs to be addressed for other 
goods. Figure 1 reveals that a willingness to serve 
GM foods increases with increased awareness of 
altruistic attributes of GM foods. 

Risk Perception 

Variables refl ecting risk perception had the ex-
pected infl uence. Disapproval of animals created 
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Figure 1. Consumption of GM Foods and Awareness of Altruistic Benefi ts.
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using biotechnology and disagreement with the 
statement that GM food presents no danger for 
future generations increased the likelihood that a 
respondent would disagree that risks are accept-
able. The former result also decreased the likeli-
hood that a respondent agreed that they would serve 
GM foods. Disagreement that the risks of GM have 
been greatly exaggerated decreased the likelihood 
that the respondent would agree that the risks are 
acceptable. 

Outrage 

Signifi cant variables representing outrage included 
the respondents’ knowledge regarding GM food 
products and whether they knew these products 
were available in grocery stores, whether they 
supported labeling of GM foods, and their level 
of trust in the government to protect the public. 
The variables signifi cant in the risk-perception 
model were different from those signifi cant in the 
willingness-to-serve model. Respondents who did 
not feel adequately informed about biotechnology 
were less likely to both agree and disagree that risks 

are acceptable, although the effect was not large 
in either case. As expected, those disagreeing that 
the government has the best interests of the public 
in mind were more likely to disagree that the risks 
are acceptable. While this supports the work of 
Onyango and Nayga (2004), who found that those 
who trust government regulators are more likely 
to consume nutritionally-enhanced GM cereals, 
trust in the government was not signifi cant in the 
willingness-to-serve estimate in the current study. 
Consumer-level knowledge was more important for 
willingness to serve. Those unsure if GM products 
were available in grocery stores were less likely to 
agree to serve them to their families. Those who 
were of the opinion labeling was less necessary than 
others were more likely to serve GM foods to their 
families (Figure 2).

Conclusion

There is evidence of a dichotomy between shopper’s 
agreement that level of risk associated with GM 
foods is acceptable and willingness to serve them to 
their families. More North Dakota shoppers are will-

Figure 2. Consumption of GM Foods with Decreasing Outrage/Increasing Labeling Awareness.
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ing to serve GM foods to their families than believe 
the risks involved in GM foods are acceptable. Vari-
ables with a signifi cant infl uence on the probability 
that shoppers will (dis)agree that risk is acceptable 
differ from those infl uencing the probability that 
they (dis)agree that they are willing to serve them 
to their families. In general, the variables specifi c to 
each model, when different, are supported. Different 
demographic variables infl uenced each model, with 
household size, gender, and whether the shopper 
was raised on a farm infl uencing risk perception and 
race infl uencing willingness to serve. As expected, 
those who were members of an environmental group 
were more likely to disagree that risk is acceptable, 
while membership in a consumer group infl uenced 
the probability of willingness to serve. 

Interestingly, those less approving of the use 
of biotechnology to enhance the health-related 
characteristics of food were less likely to disagree 
that the risks involved with genetic modifi cation 
are acceptable. One hypothesis is that individuals 
not concerned in general about the risks of bio-
technology may not be motivated by its potential 
to improve what they already may believe to be a 
nutritious food supply. 

Variables refl ecting a shopper’s risk perception 
in general were more important in predicting the 
likelihood that a shopper would (dis)agree that 
the risks involved in GM food are acceptable than 
in predicting the likelihood that they would serve 
GM foods. However, variables related to altruistic 
attributes and outrage provided some important 
clues on emerging trends with factors that effect 
the consumption decision, as consumers take on a 
more active (feel-good) role in the products they 
consume. Outrage variables were important in both 
models, but signifi cant variables differed. Those sig-
nifi cant in the risk-perception model were whether 
shoppers thought they were adequately informed 
and whether they tbought the government protects 
them. Increased knowledge of the availability of 
GM foods and belief that they should be labeled as 
such—consumption considerations—were signifi -
cant in the willingness-to-serve model.

Overall, evidence of a dichotomy and the fi nding 
that more shoppers are willing to serve GM foods 
to their families than agree that the risks involved 
in GM food are acceptable may in part be explained 
by the notion that perceived risk extends both in 
time and in context beyond food-consumption risk. 

Perceived environmental risks and those associated 
with society, moral, or ethical grounds (e.g., po-
tential impacts on the “family farm”) may have 
been identifi ed by respondents and contributed to 
less support than would be justifi ed based on only 
the risks they associate with consumption of GM 
products. It also supports the idea that consumption, 
even intended consumption, may not fully consider 
the long-term affects on human health. This is akin 
to tobacco use. From a societal standpoint, addi-
tional research efforts may be warranted into more 
carefully identifying the sources of support for or 
concern about the use of biotechnology in agricul-
ture and its associated industries and to consider 
how these are related to consumer behavior in the 
marketplace. This is particularly important as we 
observe emerging trends with consumers taking a 
more active role in the food they consume. 
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