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Willingness to Pay for Foods with Varying Production Traits 
and Levels of Genetically Modifi ed Content
John C. Bernard, Katie Gifford, Kristin Santora, and Daria J. Bernard

This study examined consumer willingness to pay for fi rst- and second-generation genetically modifi ed (GM) and organic 
foods and for non-GM foods, dependent on tolerance for GM content. Data from a survey of students were examined 
using a heteroskedastic two-limit Tobit model. Results showed consumers were willing to pay signifi cantly more for 
organic and second-generation foods over fi rst-generation GM foods, which suggests a niche market for second-gen-
eration GM foods may be possible. For non-GM foods, consumers were indifferent between a 100- and 99-percent 
threshold, but did not view 95-percent non-GM foods as more valuable than foods with unknown GM.
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Consumers today face food choices resulting from a 
variety of production techniques. At the forefront of 
these changes has been the development and rapid 
expansion of genetically modifi ed (GM) foods. The 
fi rst generation of these products has been those that 
feature production benefi ts for the farmer such as 
pest or disease resistance. Second-generation GM 
foods, where the benefi t will focus on the consumer 
by having improved nutrition, taste, or fl avor, or 
lower fat or calories, are currently being developed 
and should soon be on the market. At the other end 
of the spectrum, the market for organic foods has 
experienced tremendous growth. Organic methods 
entail numerous production traits, including the re-
quirement that they not contain GM ingredients.

How these foods are perceived and labeled 
could have a signifi cant infl uence on consumer 
acceptance and willingness to pay (WTP). In the 
United States, the creation of the USDA National 
Organic Program in 2002 and accompanying “Cer-
tifi ed Organic” labels has aided an already grow-
ing niche market. In contrast, GM food labeling is 
voluntary unless the product has substantially dif-
ferent qualities from its non-modifi ed counterpart 
(U.S. Food and Drug Administration 2001). Under 
these regulations, fi rst-generation GM foods do not 
require labels; as a result, labeling of GM foods is 
almost nonexistent. More visible are foods labeled 
non-GM. However, this claim typically appears as 
an additional point of information on products with 

the Certifi ed Organic logo. More importantly, sec-
ond-generation GM foods by defi nition will require 
a label.

Unlike the United States, many nations have 
established mandatory labeling policies for GM 
foods. A key element of these policies is the estab-
lishment of threshold levels for GM ingredients 
allowed within non-GM foods. In a recent survey, 
Gruère and Rao (2007) found the European Union 
to be among the more extreme: a food labeled as 
non-GM can not contain more than 0.9 percent GM 
ingredients. Countries with less strict threshold lev-
els include Brazil and Australia at one percent and 
Japan, Taiwan, and Thailand at fi ve percent. China 
was noted as having a zero-tolerance level.

The establishment of a tolerance level for GM 
ingredients allowed in non-GM foods may be forth-
coming in the United States as second-generation 
GM foods are approved and begin to appear on the 
market. Given the size and complexity of the food 
system, a zero-tolerance policy may be infeasible 
without major changes in production operations 
to enable strict segregation. The magnitude of 
the threshold limit on GM content could have a 
signifi cant effect not only on producers but also 
on consumer acceptance and WTP for the affected 
food products. Currently, little is known about 
how alternative threshold limits affect consumer 
purchasing decisions.

The goals of this study were thus twofold. 
First was to determine consumer WTP for foods 
produced with different production traits: fi rst-gen-
eration GM, second-generation GM, and organic. 
The second was to examine consumer WTP for 
non-GM foods with a given tolerance level for GM 
ingredients that may have inadvertently entered the 
production process. The tolerance levels selected 
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were zero, one, and fi ve percent (equivalently 100-, 
99-, and 95-percent non-GM) to coincide with ex-
isting standards elsewhere. As a secondary objec-
tive, the two goals were investigated with respect to 
two products: milk, which represented a fresh food 
product, and cereal, which represented a processed 
food product.

Literature

While extensive research has been conducted on 
consumer acceptance of and WTP for non-GM 
foods, few studies have looked at the effects of 
various thresholds on consumer WTP. Matsumoto 
(2006) used the contingent-valuation method to 
elicit Japanese consumers’ WTP for GM segregation 
programs. Since April 2001, Japanese consumers 
have had access to GM labels on food products if 
the product contains GM ingredients accounting for 
more than fi ve percent of the product’s total weight. 
The GM food used in this study was a potato snack 
product made with GM potatoes. The author noted 
that the sale of GM potato seeds in the United States 
had ceased in March 2001. Using threshold levels 
of zero, one, and two percent, results showed that 
Japanese consumers were not willing to pay sig-
nifi cantly more as the threshold level decreased. 
In addition, government certifi cation did not affect 
consumer WTP. 

Noussair, Robin, and Ruffieux (2004) used 
experimental auctions to elicit French consumers’ 
WTP for similar food products that differed only in 
their content of GM ingredients. Specifi cally, four 
biscuit products were used that were considered 
to be close substitutes. One product was identifi ed 
as non-GM and organic. One product—soy—was 
identifi ed as containing GM ingredients. The two 
remaining products differed in the content of GM 
ingredients: less than 0.1 percent and no more than 
one percent. The authors found that bids for the 
thresholds were signifi cantly different. Subjects also 
had signifi cantly higher WTP for the one-percent 
threshold compared to a product identifi ed as “con-
tains genetically modifi ed organisms.” In addition, 
the 0.1-percent threshold was not considered to be 
GM-free by subjects.

Rousu et al. (2004) was the only study that ex-
amined the impact of various tolerance levels for 
GM content on U.S. consumers’ WTP. Experimen-
tal auctions for three GM food products (32-ounce 

bottle of canola oil, 16-ounce bag of corn tortilla 
chips, and fi ve-pound bag of russet potatoes) were 
used to test whether U.S. consumers prefer foods 
with zero-, one-, or fi ve-percent tolerance levels 
for GM material. Results suggested that subjects 
reduced their valuation by an average of about ten 
percent relative to the GM-free baseline, regardless 
of the threshold level. In addition, results suggested 
that bids were not signifi cantly different when 
comparing the two threshold levels. If the United 
States were to establish a tolerance level, the authors 
recommended it be set at fi ve percent. This would 
be less costly to meet and would not signifi cantly 
lower demand compared to a one-percent tolerance 
level. From these three studies, it appears that WTP 
for GM content levels vary across countries and 
refl ect government policies with regards to the al-
lowed limit.

An area where there has been a growing vol-
ume of research is the acceptance of and WTP 
for second-generation GM products. A review of 
several studies, which considered GM products 
nutritionally enhanced, revealed that differences 
exist not only across countries but also within a 
given country. First, Burton and Pearse (2002) 
reported that 30 percent of Australian respondents 
were not willing to purchase a beer having any 
GM component regardless of the price or health 
benefi ts. However, a group of consumers who were 
concerned about cholesterol were willing to pay an 
AU$0.83 premium for a bottle of beer made with 
yeast genetically modifi ed to leave increased anti-
oxidants, which would reduce cholesterol.

O’Connor et al. (2006) reported Irish consumer 
acceptance of a hypothetical GM yogurt product 
that included a GM ingredient proven to help protect 
against cancer as part of a healthy diet. Using cluster 
analysis, 21.2 percent of respondents demonstrated 
clear support for GM foods offering specifi c con-
sumer benefi ts. Another 20.5 percent were receptive 
to second generation products but had a number of 
reservations about accepting such products. 

Bugbee, Loureiro, and Hine (2004) reported 
U.S. consumer acceptance of different types of a 
GM tomato plant. Respondents had the highest 
WTP premium (mean of 10.49 cents per pound) 
for GM enhanced fl avor. The second highest WTP 
premium (mean of 8.72 cents per pound) was for 
GM nutritionally enhanced. However, 32.87 percent 
of respondents were not willing to pay a premium 
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for GM nutritionally enhanced. Interestingly, the 
third highest WTP premium (mean of 3.05) was 
for GM pesticide reduction. 

Onyango and Nayga, Jr. (2004) reported U.S. 
consumer willingness to consume a breakfast cereal 
made from GM grains nutritionally enhanced with 
calcium, omega fatty acids, or antioxidants. The ma-
jority of respondents were at least somewhat willing 
to consume the three versions of the breakfast cereal 
(82, 77, and 74 percent, respectively) provided the 
product was derived from plant-to-plant GM tech-
nology. Animal-to-plant GM technology was less 
acceptable in each case. 

Onyango and Govindasamy (2005) reported 
U.S. consumer WTP for GM product attributes in 
bananas, cereal, and beef. Consumers were not will-
ing to pay signifi cantly more for added antioxidants 
in bananas. However, they were willing to pay 18.8 
percent more for this attribute in cereals and 7.16 
percent more in the case of beef. In addition, con-
sumers were willing to pay 4.55 percent more for 
added compounds for energy in beef.

Data and Methods

Data were collected through a survey of University 
of Delaware (UD) and Wesley College (WC) stu-
dents in fall 2005.1 As students represent up-and-
coming consumers, they play a substantial role in 
determining the success of current and second-
generation GM foods. How their opinions would 
compare to those of general adult consumers was 
uncertain. One argument suggests that students, 
having been exposed to GM foods for much of their 
lives, have a more positive outlook toward them and 
consider them signifi cantly less risky than adults 
do (Zhao and Widdows 2001; Chern et al. 2002). 
Others have suggested students’ attitudes toward 
and WTP for GM foods match those of adults. Fritz 
et al. (2003) compared youths (under 18), college 
students, and adults and found that while youths 
and adults had signifi cantly different views, college 
students and adults did not. Similarly, Chern et al. 
(2002) showed that students and adults in the U.S. 

and Norway had similar willingness to consume 
GM foods, with or without the presence of an envi-
ronmental benefi t of pesticide reduction. Lusk et al. 
(2005) noted that student valuations tended to be on 
par with those from general population samples. In 
either situation, student WTP for these products and 
technologies would be of importance to marketers. 
The survey was distributed in classes and residence 
halls. No monetary incentive or class credit was 
provided. Classes were selected from different 
course levels and from different fi elds encompass-
ing natural and social sciences and the humanities 
to capture a wide spectrum of students. Instructors 
allowed class time for completion of the survey and 
all students in attendance completed the survey, a 
total of 198 responses. The distribution of the survey 
to students living in residence halls was added to try 
to improve the size and randomness of the sample. 
Six hundred surveys and return envelopes were 
sent to student’s dorm rooms, with 138 returned, a 
response rate of 23 percent. 

In total, 336 responses were received, with 151 
from WC and 175 from UD. Only ten surveys were 
not usable due to missing information. The UD por-
tion had a higher percentage of white and female 
students, while the WC students were more racially 
diverse (87.4 percent white, 0.04 percent black or 
African-American, and 68.9 percent female for the 
UD sample compared to 69.7 percent white, 20.6 
percent black or African-American, and 44.6 per-
cent female for the WC sample). The demographic 
profi le of the sample compared favorably with re-
gards to race to both the U.S. Census 2000 and the 
state of Delaware (U.S. Census Bureau 2006).

The survey was constrained to three pages. The 
top of the fi rst page was reserved for brief defi ni-
tions of GM and organic foods, as shown in Table 1. 
The remainder of the survey was divided into three 
sections. The fi rst dealt with questions regarding re-
spondents’ knowledge and rating of GM and organic 
foods, opinions regarding labeling, and confi dence 
in the ability of agencies to ensure the safety of 
the food supply. The second section contained the 
two WTP questions and the last section included 
demographic information.

The primary part of the survey was the two 
questions asking respondents about their WTP for 
various attributes compared to a version of the prod-
uct with an unknown GM content. Given current 
products available and the labeling requirements, 

1 Prior to the administration of the survey it was pre-tested 
among students in two classes and with two faculty members. 
Feedback from these participants was used to refi ne several 
components of the survey and clarify some of the questions. 
Afterward, another small group of students gave final 
suggestions which were also incorporated.
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having the base product be one with an unknown 
GM content refl ected the typical version of the foods 
found on store shelves. The product attributes were 
100-percent non-GM, 99-percent non-GM, 95-per-
cent non-GM, GM to improve production, GM to 
improve nutrition, and organic. The fi rst three were 
designed to test differences in WTP due to varying 
tolerance levels for GM ingredients within non-
GM foods, while the latter three were designed to 
examine how different production techniques and 
the reasons for using them infl uenced WTP.

The two questions differed only in the product 
involved, the fi rst being for the fresh product, milk, 
and the second for the processed product, cereal. 
The products were chosen because of their likely 
inclusion in the average diet, and as products that 
would be familiar to students. Additionally, milk 
was one of few products where GM-free (non-rBST) 
and organic versions were readily available in lo-
cal supermarkets. Students’ familiarity with these 
choices should have improved interest and aided 
them in forming their answers. As neither product 
was available in a GM version to improve nutrition, 
these were posed as hypothetical options.

Several possible methods were available to de-
termine consumer WTP (for a good discussion see 
Lusk and Hudson 2004). Gathering WTP estimates 
from survey questions could be diffi cult due to 
their hypothetical nature. Since no actual purchase 
is made, respondent’s indicated WTP tends to be 
infl ated (Lee and Hatcher 2001; Voelckner 2006). 
A typical alternative—using experimental auctions, 
where participants make actual purchases—was not 
feasible since some of the products do not exist. A 
second concern was that many students would be 
unfamiliar with current market prices, which may 
serve as a reference point for WTP responses, an 

issue that could also cause problems with an auc-
tion experiment.

In consideration of these issues, a rating system 
for WTP was implemented. For each attribute com-
bination, respondents were asked to rate their WTP 
compared with the unknown-GM-content version 
on a scale of one (pay much less) to nine (pay much 
more), with fi ve labeled as indicating indifference. 
This design had the benefi t of not requiring students 
to directly come up with a price or to have knowl-
edge of current prices.

Table 2 summarizes the responses to the WTP 
questions. Most means were signifi cantly greater 
than fi ve, suggesting a higher WTP for those ver-
sions relative to the base product with unknown 
GM content. The entries that were not signifi cantly 
different from fi ve were the 95-percent non-GM for 
both milk and cereal and the 99-percent non-GM 
for cereal, which indicates that respondents were 
indifferent between purchasing those versions and 
versions with an unknown quantity of GM ingre-
dients. These fi ndings provide an early suggestion 
that consumers may not value a 95-percent non-GM 
tolerance level and that the value of a 99-percent 
non-GM tolerance level may depend on product 
type.

The only entries with means signifi cantly less 
than fi ve were the milk and cereal products that 
had been genetically modifi ed to improve produc-
tion. These were viewed less favorably than were 
versions with unknown GM contents. Genetic 
modifi cation to improve nutrition appears to have 
sizeable consumer interest, with average WTP not 
signifi cantly different from that for organic. This 
fi nding suggests there may be a niche market for 
second-generation GM foods similar to that for 
organic.

Table 1. Defi nitions Presented on the Surveys.

Genetically modifi ed (GM) Genetically modifi ed (GM) Genetically modifi ed foods are foods in which the genetic material has been altered or inserted 
from other species, using biotechnology, to create desired characteristics or remove undesired 
characteristics.

Organic foods are foods that were produced without synthetic pesticides, chemical or sewage-sludge 
based fertilizers or the use of hormones or antibiotics, contain no GM ingredients, and are not irradiated.



Bernard et al. Willingness to Pay for Foods with Varying Production Traits and Levels of GM Content   5Willingness to Pay for Foods with Varying Production Traits and Levels of GM Content   5Willingness to Pay for Foods with Varying Production Traits and Levels of GM Content

Comparisons between the milk and cereal means 
yielded two interesting observations. First, WTP for 
each threshold was higher for milk than for cereal. 
It may be that for a fresh product such as milk there 
was greater interest in avoiding a GM component. 
The other fi nding was that for the two GM versions 
and organic there was no difference between milk and 
cereal, suggesting differences between product types 
may not be pronounced for these production traits.

A more detailed analysis of WTP was conducted 
using heteroskedastic two-limit Tobit models in 
SAS. These models were necessary because the 
data were censored on both sides, as the survey 
responses for WTP were limited to whole-number 
values from one to nine. A possible issue, how-
ever, was that the data may be considered ordinal. 
In other words, respondents may not have used a 
uniform ratings scale. The alternative for censored 
data that accounts for this possibility would be an 
ordered probit model, which depends on the paral-
lel-slopes assumption (Long 1997). For this data 
set the assumption was rejected, making ordered 
probit inappropriate. Previous studies have shown 
that Tobit and probit models yield comparable 
results (see for example Harrison, Gillespie, and 

Fields 2005).2 Another issue with the models was 
the need to account for possible subject heteroge-
neity, which has been identifi ed in similar models 
(Bernard, Zhang, and Gifford 2006). To alleviate 
these concerns the models were tested and, where 
appropriate, corrected for heteroskedasticity using 
demographics.

To analyze the data, four models were developed, 
two for each food product. The fi rst set of models 
examined the effect of the different threshold levels 
on WTP. The second set of models examined the 
effect of production method on WTP. In each case 
the dependent variable was WTP relative to a ver-
sion with unknown GM content. Dummy variables 
were created for each attribute variable, included as 
independent variables. For both milk and cereal, the 
equations below describe the basic models: 

(1) WTPi,j = β0 + β199 + β295 + β3KnowGM + 
β4OpinionGM + β 5Religion + β6Black 
+ β7Female + εi ,

2 Ordered probit models were run for comparison despite the 
violation of the assumption. Results differed from the Tobit 
in only one case, where female was signifi cant in the probit 
version of the cereal GM-content model.

Table 2. Descriptive Statistics for WTP Measures.

Product Variable Defi nition Mean SD

Milk 100 WTP for milk 100% non-GM 5.3354* 1.6555
99 WTP for milk 99% non-GM 5.2267* 1.3790
95 WTP for milk 95% non-GM 5.0609 1.2719
Production WTP for milk GM to improve production 4.8100* 1.4699
Nutrition WTP for milk GM to improve nutrition 5.3354* 1.5976
Organic WTP for organic milk 5.3670* 1.7972

Cereal 100 WTP for cereal 100% non-GM 5.2043* 1.4749
99 WTP for cereal 99% non-GM 5.0621 1.2663
95 WTP for cereal 95% non-GM 5.0093 1.1983
Production WTP for cereal GM to improve production 4.7143* 1.3917
Nutrition WTP for cereal GM to improve nutrition 5.3591* 1.5447
Organic WTP for organic cereal 5.3700* 1.6181

*Indicates value is signifi cantly different from 5 at the 5% level.
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(2) WTPi,j = β0 + β1Nutrition + β2Organic + 
β3KnowGM + β4OpinionGM + 
β5Religion + β6Black + β7Female + 
εi .

For both equations, i and j represent respondent 
number and product version, respectively, and the 
variables are as defi ned in Tables 2 and 3.

While the attitude and demographic variables in 
the two models could be useful, potentially more 
interesting would be interactions between them 
and the product-attribute variables. This would 
be especially true for Model 2, where a variable 
such as OpinionGM could be expected to increase 
consumer interest in a product genetically modi-
fi ed to improve nutrition but to lower interest in an 
organic version. Interaction terms were thus added 
to both sets of models. To keep the models from 
becoming overly complex, likelihood-ratio tests 
were conducted to determine which interaction 
terms were signifi cant. Sets of interaction terms 
that were jointly insignifi cant were removed.

Hypotheses were similar for both sets of models. 
For the main variables of interest in the fi rst set, it 
was believed that WTP would decrease as the toler-
ance level for GM content increased, with the lowest 
WTP coming with the 95-percent non-GM level. 
For the second set, it was hypothesized that WTP 
for GM versions to improve production would be 
lower, while WTP for both GM versions to improve 
nutrition and organic would be higher. Of the two, 

it was further anticipated that organic would have 
the higher WTP over the base. 

For the remaining independent variables, the 
effect of knowledge of GM foods was uncertain. It 
has been argued that knowledge could either reduce 
or increase concerns over GM foods.3 For example, 
Rimal, Moon, and Balasubramanian (2006) found 
that consumers who had read or heard a great deal 
about GM technology were more likely to buy or-
ganic. Interestingly, though, Schilling et al. (2003) 
found that most consumers in fact know very little 
about GM foods. With regard to the effect of opin-
ion, respondents who had favorable opinions of 
GM foods were expected to have higher WTP for 
products that were genetically modifi ed for either 
production or nutrition and to have lower WTP for 
organic and non-GM foods, as they would see less 
necessity for these categories. Those indicating that 
religious or moral beliefs infl uenced food choice 
were expected to yield the opposite pattern.

Gender was considered the key demographic, 
with the expectation that females would have 
lower WTP for all GM versions, since past litera-
ture has shown that women tend to perceive more 
risk from GM food and have lower WTP (see, for 
example, Baker and Burnham 2001). Racial differ-
ences were included without expectations to sign. 

Table 3. Variable Defi nitions and Descriptive Statistics.

Variable Defi nition Mean SD
KnowGM Knowledge of GM food from 1 = no knowledge to 5 = very 

knowledgeable
2.1389 1.1976

OpinionGM Opinion of GM foods from 1 = very negative to 5 = very 
positive

2.9838 0.8392

Religion Frequency religious or moral beliefs infl uence food choices 
from 1 = never to 4 = always

1.4246 0.7102

Black 1 = black or African-American; 0 = other race 0.1288 0.3355
Hispanic 1 = Hispanic; 0 = other race 0.0368 0.1886
Female 1 = female; 0 = male 0.5583 0.4974

3 A more detailed discussion of the effect of individuals’ 
knowledge on acceptance of GM foods can be found in Costa-
Font, Gil, and Traill (2008).
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However, Hossain et al. (2003) found that white 
consumers were more willing to consume GM 
breakfast cereals. In contrast, Rimal, Moon, and 
Balasubramanian (2006) found no signifi cant dif-
ference based on race. Due to the small number of 
Hispanic respondents, black or African-American 
was the only race separated for consideration in the 
fi nal model. Other demographic variables, such as 
age and income, were not considered appropriate 
given the homogeneous nature of college students 
(Kraus 1995).

Results

Beginning with results from the fi rst section of the 
survey, it was found that 52 percent of the students 
were unsure if they had eaten GM products. Less 
than half, 44 percent, were sure they had, and about 
fi ve percent believed they had never eaten GM food. 
Hallman et al. (2003) found that 26 percent of re-
spondents reported having consumed food contain-
ing GM ingredients while 58 percent said they had 
not and 15 percent were unsure. This study’s higher 
percentage of respondents may simply refl ect the 
passage of time, resulting in increased awareness. 
A large majority of the students had eaten organic 
food (73 percent), with a small proportion remain-
ing uncertain (14 percent).

The vast majority of students responded that 
they supported labeling of GM food products. 
This was unsurprising, since consumers consis-
tently report a desire to see labeling when directly 
asked (see, for example, Hallman and Aquino 
2005). Students were asked to rate their desire for 
labeling for fi ve food-product categories: snack 
foods, grains, fruits and vegetables, meat and 
poultry, and dairy products. Snack foods received 
the highest rating, with 90 percent of respondents 
in support, while the lowest ranked category was 
grains, at 81 percent support. Results for the re-
maining categories fell within this narrow range. 
Students had high confi dence in government to 
ensure the safety of the food supply. Farmers were 
ranked second in this regard. Food companies and 
grocery stores were lower, but still in the upper half 
of the scale. Lastly, students were asked to rank the 
importance of fi ve different attributes of organic: 
no synthetic pesticides, no chemical fertilizers, no 
hormones/antibiotics, non-GM, and not irradiated. 
Lack of pesticides and fertilizers were considered 
the most important. Non-GM was considered the 
least important of the requirements, which may be 
because of the low awareness of GM in the food 
supply, as previously discussed.

Results for the GM-content models appear in 
Table 4. In examining these, recall that the base 

Table 4. Estimated Heteroskedastic Two-Limit Tobit Models for GM Content.

Milk model Cereal model

Variable Estimate P-value Estimate P-value
Intercept 5.6739 <0.0001 5.5788 <0.0001
99 −0.1172 0.3084 −0.1604 0.1125
95 −0.3027 0.0085 −0.2353 0.0200
KnowGM 0.1110 0.0057 0.1336 0.0002
OpinionGM −0.2873 <0.0001 −0.3035 <0.0001
Religion 0.0914 0.1890 0.1934 0.0017
Black 0.0198 0.9120 −0.4813 0.0064
Female 0.3368 0.0005 0.1178 0.1699
Observations 326 326
Log likelihood −1623 −1518
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WTP, stated in the intercepts, refl ected the WTP for 
a product that was 100-percent non-GM relative to 
a version with an unknown GM content. Also note 
that the fi nal model was the basic model. The likeli-
hood-ratio tests conducted showed the interaction 
terms to be insignifi cant, meaning that there was no 
difference in the infl uence of attitudes and demo-
graphics toward different tolerance levels. 

For both milk and cereal there was no statistically 
signifi cant change from the 100-percent non-GM 
version to the 99-percent non-GM version. How-
ever, for both there was a signifi cant decrease in 
WTP for products at the 95-percent non-GM level. 
The adjustments in predicted WTP correspond to 
a 4.2-percent decrease for cereal and a 5.3-percent 
decrease for milk. These percentages were slightly 
lower than those reported by Rousu et al. (2004), 
but similar enough to suggest the fi ndings may be 
somewhat robust.

In terms of the remaining explanatory variables, 
consumer’s knowledge and opinion of GM foods 
both played key roles in WTP. The opinion coeffi -
cients were as expected, with WTP for the non-GM 

versions decreasing as an individual’s opinion of the 
technology increased. While knowledge tends to 
be a point of contention, fi ndings here showed that 
more knowledgeable respondents had signifi cantly 
higher WTP for versions with limited GM content. 
This provided evidence that better-informed sub-
jects were not necessarily more accepting of the 
technology.

Signifi cant demographic variables differed be-
tween the milk and cereal models. For milk, females 
expressed a higher WTP than did males to avoid 
GM content. This could relate to Creamer et al.’s 
(2002) observation that milk was seen, especially 
by women, as a product of special concern due 
to its perceived importance in the diet. With the 
cereal model, respondents with religious or moral 
issues had signifi cantly higher WTP, while Afri-
can-Americans expressed lower WTP. The former 
fi nding was as expected, while the latter suggested 
differences along racial lines that should be given 
further attention.

Table 5 contains results from the production 
traits models. The base WTP was for a product 

Table 5. Estimated Heteroskedastic Two-Limit Tobit Models for Production Traits.

Milk model Cereal model

Variable Estimate P-value Estimate P-value
Intercept 3.3352 <0.0001 2.9145 <0.0001
Nutrition 0.5754 <0.0001 0.7129 <0.0001
Organic 3.0202 <0.0001 3.1807 <0.0001
KnowGM −0.0671 0.2345 −0.0532 0.2858
OpinionGM 0.5465 <0.0001 0.6927 <0.0001
Religion −0.1701 0.0824 −0.2109 0.0145
Black 0.0561 0.8191 0.1134 0.6265
Female 0.3313 0.0146 0.1856 0.1254
Organic*KnowGM 0.2816 0.0040 0.2454 0.0045
Organic*OpinionGM −1.1393 <0.0001 −1.2074 <0.0001
Organic*Religion 0.3483 0.0415 0.5111 0.0006
Organic*Black −0.8402 0.0482 −1.2168 0.0026
Organic*Female 0.0248 0.9161 −0.0078 0.9702
Observations 326 326
Log likelihood −1719 −1633
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that was genetically modifi ed for improved pro-
duction relative to a version with unknown GM 
content. For this set of models, likelihood-ratio tests 
showed that the interaction terms with the organic 
production trait belonged in the model. Compared 
to GM for production, organic and GM for nutri-
tion versions had signifi cantly higher WTP for both 
products. Evaluating the equations at the means, 
the predicted adjustments were a 24.5 percent 
increase for cereal and a 17.3 percent increase for 
milk with GM nutritional benefi ts, and 23.1 percent 
and 18.7 percent increases for organic cereal and 
milk, respectively. While it had been expected that 
the WTP for organic would be higher than for GM 
with nutritional benefi ts, these numbers were not 
signifi cantly different in either model. This result 
should be viewed favorably by those looking to 
market second-generation GM products and those 
promoting organic products.

The interaction terms demonstrated that attitudes 
and demographics were signifi cant in determining 
which types of consumers might be more interested 
in GM for improved nutrition or for organic. Con-
sumers with greater knowledge of GM did express 
signifi cantly higher WTP for organic. This cor-
responded well with the results from Table 4 that 
more knowledge of GM foods leads people to desire 
substitutes. Those who took religious and moral 
beliefs into account when making food purchases 
similarly had greater interest in organic versions for 
both products. In contrast, the higher a consumer’s 
opinion of GM foods was, the lower their WTP for 
organic. Racial differences also existed, with black 
consumers having lower WTP for organic. This ap-
peared again to follow that group’s lower interest 
in non-GM products in the fi rst two models. The 
lack of signifi cant differences between males and 
females suggests that other factors would be better 
at segmenting consumers in the marketplace.

Results for all models have been adjusted for 
heteroskedasticity. Variances in WTP were found 
to differ by both school attended and race. For 
the former, the responses from WC students had a 
higher variance than did those from UD. This was 
found despite the lack of signifi cant differences in 
the mean responses between the schools. Responses 
from black or African-American students also were 
found to have a larger variance. As with the racial 
differences in means, there was no clear explanation 
for this and thus further study is warranted.

Discussion and Conclusions

This research examined both consumers’ WTP for 
different thresholds for GM content in non-GM 
foods and consumers’ WTP for foods produced 
either organically or genetically modified for 
varying reasons. The implication from the models 
for the former was that if the U.S. does implement 
a threshold level of GM content in non-GM foods, 
one percent would be a reasonable limit. This was 
an encouraging result, as a zero-percent tolerance 
would be diffi cult to achieve, given the prolifera-
tion of GM foods in the United States and the ex-
penses to achieve a 100-percent non-GM standard. 
However, fi ve-percent GM content was enough to 
signifi cantly decrease WTP to a level no different 
from that for current products where the quantity 
of GM content is unknown. Thus our recommenda-
tion is that foods beyond one-percent GM content 
be referred to as “GM,” and that it would not be 
worth the expense and effort of implementing a 95-
percent non-GM standard. This result varies from 
Rousu et al. (2004) who failed to fi nd a difference 
between a one- and fi ve-percent tolerance level and 
therefore proposed fi ve percent as adequate. Their 
small sample though, as they noted, meant care was 
needed in making a general conclusion. The larger 
sample here of future consumers suggests a more 
stringent level would be required.

Evidence additionally shows that acceptable 
tolerance levels and their respective WTP may 
vary by degree of processing. Indications of WTP 
for milk, the fresh product, were higher than for the 
processed product, cereal, at all tolerance levels. 
For milk, based on the descriptive statistics, WTP 
premiums existed for both the 100- and 99-percent 
non-GM levels while cereal only had a signifi cant 
premium for the former. In the models, the WTP 
for 99-percent non-GM cereal was marginally not 
signifi cantly less than the WTP for the 100-percent 
version. It seems, then, that non-GM is a more im-
portant attribute for fresh products, although the tol-
erance for GM within non-GM processed products 
may be smaller. Interest in a fi ve-percent tolerance 
level for non-GM processed foods seemed nearly 
nonexistent.

For the comparison of production traits, consum-
ers’ WTP was signifi cantly more for either organic 
foods or those genetically modifi ed to have nutrition 
benefi ts over foods genetically modifi ed to improve 
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production. Of greater interest, the WTP between 
organic and GM for nutrition benefi ts foods were 
not signifi cantly different from one another based 
on either the statistics or the model estimates. These 
results suggested a large potential consumer interest 
in niche markets for both product categories. The 
fi ndings for GM for improved nutrition foods, in 
particular, suggested that such foods could com-
mand a premium, as is seen with organic products. 
This should be considered by any company con-
cerned about needing to label second-generation 
GM foods. Fears regarding negative consumer reac-
tion toward GM labeling of second-generation prod-
ucts may be unfounded and unnecessarily slowing 
the appearance of such products. From these results 
it would seem that producers may be overcautious 
about GM labeling and that a potentially profi table 
market exists for such products.

While the differences in WTP for organic and 
GM to improve nutrition were not signifi cantly dif-
ferent overall, the types of consumers interested in 
each respective product market were. Those with 
greater knowledge of GM foods or with religious or 
moral concerns about their foods were much more 
interested in organic versions. In contrast, blacks 
and those with higher opinions of genetic modifi ca-
tion favored foods genetically modifi ed to improve 
nutrition. A fi nal fi nding is that, unlike in the toler-
ance-level results, there were no noticeable differ-
ences between fresh and processed products. 

Some limitations and corresponding possible ex-
tensions should be noted. An expanded subject pool 
from the general population and other states would 
help judge the extent of these results. The additional 
investigation of other food products would also be 
useful. Finally, given the varieties of methods to 
gauge WTP, other formats could be used as com-
parisons. Regardless, the results should be carefully 
considered by marketers and policy analysts.
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