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Introduction
The diffusion of genetically modified (GM) crops
depends crucially on whether consumers are adequately
motivated to buy them. Most commercialized GM crops
developed so far have been modified in agronomically
important traits—namely, herbicide tolerance and insect
resistance—that benefit production in some manner.
Farmers may receive economic benefits from these pro-
duction characteristics. However, consumers in devel-
oped countries such as the European Union, Japan, and,
to a lesser extent, the United States do not generally see
any positive benefits in consuming GM products.
Rather, they are concerned about the risks to their health
and the environment (Costa-Font, Gil, & Traill, 2008;
Sasakawa, Ishikawa, & Tabei, 2011). Multi-country
consumer surveys indicate Japanese consumers have a
more conservative attitude toward GM foods than US or
Taiwanese students do, supportive of the mandatory
labeling (Chern, Rickertsen, Tsuboi, & Fu, 2002). More
specifically, McCluskey, Grimsrud, Ouchi, and Wahl
(2003) concluded that the Japanese market for GM
crops is unpromising because consumers perceive a sub-
stantial risk in GM foods. The demand for GM technol-
ogy, in short, represents a controversy between GM
consumers and producers.

Adding new functionalities to GM products can
influence this debate by providing additional value for
particular types of consumers (Deodhar, Ganesh, &
Chern, 2008; De Steur et al., 2010). Golden rice, for

instance, can provide vitamin A to expectant mothers,
supply micronutrients to malnourished children, and
contribute to alleviating hidden hunger in developing
economies (Hefferon, 2015). In addition to this nutri-
tional functionality, pharmaceutical or plant molecular
farming—generally called biopharming—has recently
surged and now offers new prospects for the future
(Sabalza, Christou, & Capell, 2014; Stoger, Fischer,
Moloney, & Ma, 2014). In spite of the emerging appli-
cations of agricultural GM technology to pharmaceuti-
cal purposes, public perceptions and patient acceptance
have been little studied, and in particular much less than
have agricultural applications.

The “benefit-acceptance hypothesis” is concerned
with whether consumers change their perceptions of
GM products if they learn they bring such direct bene-
fits as increased shelf life or nutritional functionality
(Lusk, Moore, House, & Morrow, 2004). Loureiro and
Bugee (2005) showed that appealing to a personal bene-
fit such as an enhanced flavor or nutritional value can
help attract consumers to the idea of genetic modifica-
tion. Introduction of such second-generation GM prod-
ucts, namely those with direct appeal to consumers, is
increasingly expected to improve public acceptance of
GM technology. Gaskell (2000) shows the consumer
acceptance rate depends on the purpose of the GM
application; a medical purpose brings the highest accep-
tance rate of all applications. Burton and Pearse (2002)
compared the willingness to pay (WTP) of two genera-
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Genetically modified crops have been controversial from a
health—as well as an environmental—standpoint, and the sci-
ence community puts substantial effort into communicating with
consumers. Relevant to the communication effort, GM technol-
ogy is now being used to expand food as well as agricultural
functionalities, offering the possibility of wider consumer accep-
tance. A case in point is the development of a GM rice that alle-
viates allergic reactions to cedar pollen. We conducted an
online consumer survey of those manifesting an allergic reac-
tion and investigated whether they respond positively to the new
GM benefit. Our results indicate that respondents who perceive
at least the possibility of a consumer functionality in GM technol-
ogy tend to have little health-risk concern in general, and tend to
be willing to try medical rice in particular. The implication is that
GM acceptability can be influenced by the presence of a positive
functionality and not by just the apparent absence of negative
ones.
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tions of GM foods. Their results indicated that the cost-
reduction aspect of first-generation GM foods led con-
sumers to expect price reductions, while the medicinal
benefits of second-generation GM crops led them to
expect price premiums. Einsiedel and Medlock (2005)
employ a “purpose test” in their focus group interview
and find that benefits can vary depending on application
purpose, holding the risks of the various applications
constant. Edible vaccines had the highest acceptance
rate of the GM purposes examined. These studies sug-
gest GM crops’ medical benefits tend to be more desir-
able than are their other functionalities. Taking this
thinking further, we examine here whether those per-
ceiving at least the possibility of a consumer functional-
ity in GM technology are more likely to be accepting of
GM medical benefits in particular.

Medical Rice Technology

In Japan, Takaiwa (2004) has used gene recombinant
technology to develop a new rice variety to control
cedar pollen allergy. It is expected to mitigate allergic
reactions by influencing the patient’s immune system.
According to Baba and Nakae (2008), 30% of the Japa-
nese population displays allergic reactions to cedar pol-
len. Generally, there are two ways to control allergic
reactions—symptomatic treatment and definitive treat-
ment. In symptomatic treatment, patients buy a drug
without medical prescription. These drugs are only tem-
porarily effective. Definitive treatment on the other
hand intends a complete cure, and immunotherapy is
currently the only way of doing so. Immunotherapy alle-
viates the allergic reaction by way of gradual ingestion
of the diluted allergen.

Injection immunotherapy is the only presently avail-
able definitive treatment. However, it requires patients
to visit hospitals regularly. Immunization by regular
intake of medical rice, still in its development stage,
also appears to be an effective definitive treatment. As
visualized at its current research stage, medical rice
would be delivered to patients by mail in a single pack-
age, its volume depending on the medical prescription.
Patients are instructed to eat one pack per day for six
months, saving patients the considerable time and cost
of hospital visits to receive injections.

Recombinant technologies similar to medical rice
are expected to be applicable to other infectious dis-
eases. Their success will depend on whether patients are
willing to accept the associated dietary treatments. The
question we address in the present study is whether
awareness of the benefits of consuming medical rice can

sufficiently motivate patients suffering from cedar pol-
len allergy to purchase it. Because the rice is now only
at the clinical stage, we must focus on the factors help-
ing to predict its long-run acceptability. Such factors
include those influencing the consumer’s willingness to
try this rice in particular and tendency to regard GM
products as carrying a health risk in general.

Data Collection and Respondent Profile
Medical rice for cedar pollen allergy is still in the devel-
opment stage at Japan’s National Institute of Agrobio-
logical Sciences. Following the Cartagena Protocol on
Biosafety, it is subjected to field trials to investigate its
environmental impacts. Our survey data were enumer-
ated through web research firm MACROMILL in
December 2013, a description of which is provided in
Figure 1. Previously registered anonymous respondents
were screened on the basis of whether they revealed an
allergy to cedar pollen and were willing to answer the
“Survey on Cedar Pollen Allergy” questions. At the start
of the survey, they were not informed that the survey
would include questions relating to GM technology or
GM rice. This helped limit any selection for, and conse-
quent bias resulting from, respondent attitude toward
GM technology or foods.

The total number of respondents was 412, all of
whom had chronic allergic reactions to cedar pollen.
Table 1 shows the age and gender distribution of these
respondents. The majority were female, as is often the
case with studies of consumer evaluations of food prod-
ucts (Saito, Saito, & Sembokuya, 2009). Respondent
allergy status is shown in Table 2. More than 70% of the
respondents report that the allergy has a negative effect
on their quality of life (Difficulty). However, only half
have consulted a medical doctor or undergone an allergy
test. Most have not visited hospitals, although many feel
some kind of inconvenience in their daily life. For those
who do, we define a “medical benefit” as the respon-
dent’s overall support for exploiting GM technology to

Figure 1. Description of medical rice provided to survey 
respondents.

GM rice for cedar pollen allergy is in the development pro-
cess by the National Institute of Agrobiological Sciences
(NIAS), and is planted in experimental fields used exclusively
for genetically modified rice. The effectiveness of this rice is
investigated in laboratory animals by immunotherapy special-
ists. Since this rice is defined as “medicine,” it is provided to
the patients under the guidance of a medical doctor and pre-
scription. Patients are instructed to use one bowl, i.e., about
150g of cooked medical rice once a day for six months.
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add medical functionalities (providing definitive cures)
to agricultural products. Consequently, appealing to
such an attitude is a key to persuading sufferers to
accept medical rice.

Framework for Predicting Medical Rice 
Acceptance

Trade-off

Given the concern over agricultural applications of GM
technology, consumer acceptance of GM crops remains
low. Medical applications of GM methods, however,
may influence consumer receptivity, especially once a
direct medical benefit has been shown. To help predict
receptivity, it is useful to think in terms of two opinion
variables that in several respects are in polar opposition
to one another—human health risk (HuRisk) and will-
ingness-to-try (WTT). HuRisk represents the consumer’s
concern over GM crop technology in general, while
WTT indicates willingness to try the GM medical rice in
particular (Table 3). These two indicators allow the
consumer to be in a quandary—to be either generally
supportive of GM methods but specifically opposed to
the present allergy rice application or vice versa—or to
have a mutually reinforcing opinion on both.

Because medical rice is still in the trial stage, we
cannot yet examine the factors influencing its actual dif-

fusion. However, we can get an indirect evidence of its
future diffusion by assessing the influences on the con-
sumer attitudes that themselves likely affect future con-
sumption. To best examine the possibility of long-run
acceptance of medical rice, we would follow Gaskell
(2000) and need to increase the number of consumers
who are unconcerned about the human health risks and
willing to try this medical rice (the best solution), spe-
cifically the “No HuRisk / Yes WTT” combination in
Table 3. As what we will call the second-best solution,
we would increase the number of consumers who have
great health-risk concerns with GM technology but a
high willingness to try medical rice—or low willingness
to try the rice but low health-risk concerns with GM
technology, the “Yes HuRisk / Yes WTT” or “No HuRisk
/ No WTT” combination. The tendency to accept the rice
as a permanent allergy treatment clearly would improve
as the consumer moves from either of the second-best
categories toward the best category. The relevant ques-
tion in our framework then is to identify the factors
bringing consumers in that direction.

Human Health Risk and Willingness to Try

We classify respondents into four groups based on their
human health-risk concerns with GM crops (HuRisk)
and their willingness-to-try medical rice (WTT). These
variables are respectively measured by way of the fol-
lowing five-point (1-5) Likert-scale questions, where
strongly agree is 5 and strongly disagree is 1.

(i) Health-risk concerns of GM crops (HuRisk):
Do you think GM crops pose potential risks to
human health?

(ii) Willingness-to-try medical rice (WTT): Are
you willing to try medical rice despite that it is
only at the clinical stage?

Most previous studies aiming to identify factors
effective in mitigating consumers’ health-related con-
cerns with conventional GM crops ask the first type of
question (Question i) only. However, respondents suf-
fering from a severe allergic reaction to cedar pollen
may try medical rice if they think it may be successful in

Table 1. Summary of respondent age and gender.

Years %

Age 20–29 14.6

30–39 31.3

40–49 24.3

50–59 19.9

60–69 8.3

70–79 1.7

Gender Male 41.0

Female 60.0

Table 2. Allergy status of sample respondents.

No Yes

Does your allergic reaction reduce 
your quality of life?
(Difficulty)

123
(29.9)

289
(70.2)

Have you consulted a medical 
doctor for your allergy?

224
(54.4)

188
(45.6)

Have you checked your allergic 
status with a patch test or blood 
examination?

201
(48.8)

211
(51.2)

Note: Parentheses indicate shares.

Table 3. Predicting medical rice acceptance.

Willingness-to-try (WTT)

Yes No

Human health risk
(HuRisk)

Yes 2nd best 3rd best

No Best 2nd best
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reducing their allergic reactions and even if—especially
since this rice is only at the clinical stage—they think
GM food products are generally risky (Question ii).
WTT represents willingness to participate in a medical
rice trial. But that is only one of the factors affecting an
individual’s long-run adoption. Table 4 provides the
sample data of the answers to these two questions.
Almost half of the respondents (45.6%) expressed con-
cern about a general health risk in GM technology
(HuRisk) by indicating “strongly agree” or “agree” to
the first question, while 13.8% agreed or strongly
agreed that they would try medical rice. Most respon-
dents were concerned about the human health risks of
GM technology and a few expressed interest in medical
rice. Moreover, 58.1% of respondents answered “dis-
agree” or “strongly disagree” to the WTT question,
revealing strong resistance to this new GM technology.

Table 5 shows the cross tabulations of the responses
to these two questions. For each, respondents who
answered “strongly agree” or “agree” are categorized as
“yes” and the remainder as “no.” About 46% of the
respondents (188 persons) considered that GM crops
pose risks to human health. About 14% (57 persons)
were willing to try medical rice (best). Among the 57,
about half (29 persons) do not consider GM crops to
pose health risks. The remaining half face a trade-off
(second best): they are willing to try medical rice in par-
ticular but have strong health-related concerns about
GM crops in general. Finally, about half the respondents
(195 persons) are unwilling to try medical rice but do
not think GM technology brings a risk to human health.

Estimation Model
Consider two indicator variables, WTTi and HuRiski ,

respectively taking the value 1 if the ith respondent is
willing to accept medical rice and value 0 if (s)he thinks
GM crops pose health risks (Table 5):

WTTi = , (1)

HuRiski = , (2)

where Wi
* and Ri

* are latent variables respectively

reflecting a willingness to try medical rice and a subjec-
tive evaluation of the human health risks of GM crops.
The objective of this analysis is to identify the factors
affecting these two latent variable and determine how
those factors affect the consumer’s position in the Table
3 matrix. Each latent variable—evaluated in terms of the
respondent characteristics—is specified in linear form:

Wi
* = β0

W + β1
W lnBenefiti + β2

W lnEnvRiski                   

+ β3
W lnConsGMi + β4

W lnGMKnowi                        

+ β5
W immKnowi + β6

W Difficultyi + β7
W Severityi  

+ β8
W Genderi + β9

W Agei + εi
W , (3)

Ri
* = β0

R + β1
R lnBenefiti + β2

R lnEnvRiski                       

+ β3
R lnConsGMi + β4

R lnGMKnowi                           

+ β5
R immKnowi   + β6

R Difficultyi + β7
R Severityi    

+ β8
R Genderi + β9

R Agei + εi
R . (4)

In these equations, Benefit, EnvRisk, and ConsGM
respectively measure (a) the extent (1=strongly dis-
agree; 5=strongly agree) to which a respondent supports
the use of GM technology to develop fuller functional-
ities in agricultural products; (b) the belief that GM crop
production poses environmental risks; and (c), a conser-

Table 4. HuRisk and WTT: Strength of respondent agreement or disagreement.

Variable 
name

Strongly 
agree Agree

Neither agree 
nor disagree Disagree

Strongly 
disagree

5 4 3 2 1

GM crops pose potential risks to human 
health (i)

HuRisk 29 159 172 42 10

7.0 38.6 41.8 10.2 2.4

I would like to try medical rice even at 
the clinical trial stage (ii)

WTT 15 42 116 163 76

3.6 10.2 28.2 39.6 18.5

Table 5. Trade-off between HuRisk and WTT.

WTT

TotalYes No

HuRisk Yes 28
(6.8)

160
(38.8)

188
(45.6)

No 29
(7.0)

195
(47.3)

224
(54.4)

Total 57
(13.8)

355
(86.2)

412
(100)

Note: Parentheses indicate shares.
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vative attitude toward the use of GM technology to
develop new crop varieties, including medical rice
(Table 6). These three variables each consist respec-
tively of two questions, the sample point for a given
individual i obtained by averaging the answers to the
two questions (Table 7). Benefit is expected to positively
affect the tendency to try medical rice while alleviating
the consumer’s perception of a risk to human health
(HuRisk). Respondents concerned about an environmen-
tal risk in GM technology naturally might be concerned

about a health risk as well, so EnvRisk would boost
HuRisk. For the same reason of a general attitude, Con-
sGM would push WTT down and HuRisk up.

GMKnow indicates the extent (1=do not know at all;
5=know very well) to which a respondent is aware that
GM crops are commonly used in food products. This
variable is composed of four questions, and the
observed sample point for individual i is obtained as the
average of the responses to these four questions. We
expect that a greater understanding of GM use in the

Table 6. Distributions of responses to questions posed.

Variable
Question 
number

Strongly 
agree Agree

Neither agree 
nor disagree Disagree

Strongly 
disagree

5 4 3 2 1

Benefit I would like to try functional 
agricultural products developed with 
GM technology.

Q_B1 5 37 195 132 43

1.2 9.0 47.3 32.0 10.4

It is beneficial to develop functional 
agricultural products by using GM 
technology.

Q_B2 7 57 215 94 39

1.7 13.8 52.2 22.8 9.5

EnvRisk GM crops lead to genetic pollution or 
introgression.

Q_E1 35 174 165 30 8

8.5 42.2 40.1 7.3 1.9

GM crop production has negative 
effects on the natural environment.

Q_E2 37 171 155 41 8

9.0 41.5 37.6 10.0 1.9

ConsGM GM crop development is 
unnecessary.

Q_C1 43 92 197 65 15

10.4 22.3 47.8 15.8 3.6

I do not want to try medical rice 
because it is developed with GM 
technology.

Q_C2 33 83 182 87 27

8.0 20.2 44.2 21.1 6.6

Variable
Question 
number

Know very 
well

Know 
well Know partly

Have 
heard

Do not 
know at all

5 4 3 2 1

GMKnow Most consumers ingest GM crops 
through cooking oil.

Q_G1 15 59 82 96 160

3.6 14.3 19.9 23.3 38.8

Sixty percent of the cooking oil 
processed in Japan is made from 
GM crops.

Q_G2 11 30 59 79 233

2.7 7.3 14.3 19.2 56.6

Japan imports GM crops by way of 
animal feeds.

Q_G3 18 48 55 102 189

4.4 11.7 13.4 24.8 45.9

Ninety percent of crops produced in 
major crop-exporting countries such 
as the United States and Brazil are 
GM crops.

Q_G4 15 42 42 77 236

3.6 10.2 10.2 18.7 57.3

immKnow To what extent are you familiar with 
the immunotherapy?

Q_I 11 27 67 124 287

2.1 5.2 13.0 24.0 55.6

Variable
Question 
number

Very 
severe Not severe

5 4 3 2 1

Severity How severe is your allergy reaction? Q_S 17 90 179 93 33

4.1 21.8 43.5 22.6 8.0
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food industry provides a familiarity with the technology
and thus boosts the tendency to try medical rice. imm-
Know is a dummy variable taking the value 1 if the
respondent “knows very well” or “knows well” about
immunotherapy treatment. Our hypothesis is that famil-
iarity with this kind of treatment is also conducive to
trying medical rice. Severity indicates the extent (1=not
severe, 5=very severe) to which a respondent sees his/
her allergy as serious, suggesting a greater inclination to
try medical rice.

Tables 6 and 7 provide the descriptive statistics and
information about the probability distributions of these
variables. About 10% of the respondents agree or
strongly agree with the use of GM technology in the
development of food-functional agricultural products
(Benefit), and about half indicate concern with the envi-
ronmental risks of these products (EnvRisk). About 30%
display a conservative attitude (agree or strongly agree
with the “concern” statements) toward the use of GM
breeding technology (ConsGM). Responses to the
GMKnow questions suggest general knowledge about
GM use in the Japanese food industry is very weak. In
answers to the immKnow questions, about 55% indicate
they are not even aware of immunotherapy.

In sum, Equations 1 to 4 together characterize the
respondent’s attitude toward medical rice. HuRisk and
WTT might be correlated with one another. Disturbances

εi
W and εi

R in Equations 3 and 4 are assumed therefore

to follow a bivariate normal distribution with mean 0,
variance 1, and correlation ρ. Equations 1 to 4 are esti-
mated with bivariate probit techniques (Hill, Griffiths,
& Lim, 2012).

Estimation Results
Estimates of bivariate probit models 1 to 4 are presented
in Table 8.1 The result is simplified in Figure 2 by

expanding Table 3 and 5 so as to show at a glance each
factor’s direction-of-effect on respondent attitude. As
indicated above, No HuRisk / Yes WTT (the third quad-
rant in Figure 2), is the situation most conducive to the
diffusion of the technology. Yes HuRisk / Yes WTT and
No HuRisk / No WTT combinations are the second-most
conducive. It is important for diffusion therefore to
determine the factors affecting movement toward or
away from these two possibilities.

Table 7. Definition and descriptive statistics.

Variable Definition Mean St. dev. Min Max

Benefit (Q_B1 + Q_B2)/2 2.670 0.79 1 5

EnvRisk (Q_E1 + Q_E2)/2 3.468 0.80 1 5

ConsGM (Q_C1 + Q_C2)/2 3.110 0.81 1 5

GMKkow (Q_G1 + Q_G2 + Q_G3 + Q_G2)/4 1.973 1.04 1 5

immKnow Q_I: 1 if “know very well” or “know well;” 0 otherwise 0.080 0.27 0 1

Difficulty Dummy variable: 1 if quality of life is negatively affected 0.701 0.46 0 1

Severity Subjective severity: 1 if “not severe;” 5 if “very severe” 2.915 0.96 1 5

Gender Male=1; Female=0 0.410 0.49 0 1

Age Continuous variable 42.43 12.1 20 76

Note: See question number in definition in Table 6.

1. Correlation (ρ) between disturbances εi
W and εi

R is posi-
tive but insignificant. Thus, we also individually estimate 
Equations 1-3 and 2-4 with a univariate probit model. The 
results are quantitatively and qualitatively the same as 
those presented in Table 8.

Figure 2. Affecting factors to HuRisk and WTT.
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The Benefit variable significantly and negatively
affects HuRisk and positively affects WTT. That is, the
more generally favorable one is toward adding food
functionality by way of GM technology, the less will
one will think GM crops carry a health risk (HuRisk)
and the more willing one will be to try out medical rice
in particular. In brief, the more broadly favorable the
consumer is to the technology, the more likely (s)he is to
fall into medical rice’s No HuRisk / Yes WTT group
(solid arrows in Figure 2), where the health-risk effect
and willingness-to-try effect positively reinforce one
another. Successful diffusion of a functionality-added
GM crop is significantly enhanced if the consumer is
aware of the GM technology’s direct benefits in crop
breeding and development. Our benefit-acceptance
hypothesis is, in that respect, confirmed.

On the other hand, an unfavorable or conservative
attitude toward GM technology (ConsGM) significantly
lifts HuRisk and impairs WTT. That is, the more conser-
vative the attitude toward GM technology itself, the
greater health-risk concern over GM foods and the
lower willingness to try medical rice as a way of allevi-
ating allergy symptoms. In both these respects, an unfa-
vorable attitude toward GM technology leads
respondents away from the No HuRisk / Yes WTT com-
bination, discouraging technology diffusion (gray solid
arrows in Figure 2). The net effects of Benefit and Con-
sGM on HuRisk and WTT therefore are in exact opposi-
tion to one another.

EnvRisk, GMKnow, and immKnow, on the other
hand, significantly affect only one of the latent variables
HuRisk or WTT. Respondents who believe GM crop pro-
duction poses environmental risk (EnvRisk) tend to have
HuRisk concerns with GM technology also (gray dashed
line in Figure 2), but their willingness to try medical rice
is not significantly affected. A general understanding of
the GM (GMKnow) food industry is significantly con-
ducive to trying out medical rice (black dashed line in
Figure 2) but has no effect at all on general health-risk
concerns. Both these factors therefore will
tend—although in only one rather than two ways—to
improve long-run medical rice adoption.

Finally, the more that consumers understand about
immunotherapy treatment (immKnow), and the more
severe their allergy problem is (Severity), the greater is
their willingness to try the medical rice (dotted line for
immKnow and dot-dashed line for Severity in Figure 2).
Understanding immunotherapy tends to ease the con-
sumer’s worry about it, and cedar pollen allergy severity
provides a direct inducement to seek it out. Conse-
quently, their positive effects on WTT and nonsignifi-
cant effects on GM crop health-risk concerns are equally
unsurprising. Each moves the consumer toward the ‘sec-
ond-best’ combination, Yes HuRisk / Yes WTT.

Conclusions
First-generation GM crops benefited farmers directly
but appealed to consumers only by way of their indirect

Table 8. Factors affecting health-risk concerns with GM crops and willingness to try medical rice.

Variables Arrows in Figure 2

HuRisk concerns with GM crops WTT medical rice

Coefficient Std. error Coefficient Std. error

ln Benefit -0.536 0.236 ** 0.509 0.282 *

ln EnvRisk 3.498 0.438 *** 0.526 0.388

ln ConsGM 1.239 0.358 *** -0.712 0.351 **

ln GMKnow -0.037 0.165 0.398 0.187 **

immKnow 0.159 0.280 0.636 0.274 **

Difficulty 0.113 0.172 0.219 0.220

Severity 0.044 0.083 0.316 0.097 ***

Gender -0.188 0.162 0.197 0.189

Age -0.009 0.007 0.012 0.008

Con. -5.081 0.751 *** -3.562 0.743 ***

ρ 0.175
(0.130)

Log-likelihood -331.247

Observations 412

Note: Parameters are estimated with bivariate probit.
*, **, *** Statistical significance at 10%, 5%, and 1% levels, respectively
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effects on product prices. The willingness to consume
GM foods therefore has been heavily influenced by the
presence or absence of health-risk concerns. Second-
generation technology, in contrast, is adding new func-
tionalities to GM products that benefit consumers
directly. The object of this study has been to examine
how consumer attitudes toward food-functional GM
products are formed. In particular, we assess the chain
of relationships between more generalized attitudes
toward GM technology and the more specific attitudes
governing the acceptability and diffusion of a GM rice
variety that controls an allergy to cedar pollen.

Because this new medical rice variety is still under-
going trials, we cannot yet observe the diffusion of this
new rice among consumers and allergy patients. Instead,
we examine how generalized attitudes to and knowledge
about GM technology, and the severity of the allergy,
affect a consumer’s health-risk concerns over GM foods
and willingness to trial-consume the new rice. Factor
effects on these latter two attitudes, constructed as latent
variables, are then used to impute factor effects on the
likelihood of that the medical rice will be adopted on a
long-run basis.

We find, for medical rice, that boosting the per-
ceived possibility of a direct consumer benefit in a GM
product would reduce the concern about the product’s
riskiness and enhance the willingness to consume it on a
trial basis, in each case lifting the likelihood of long-run
adoption. Any reduction in the conservativeness of atti-
tude toward GM technology would have the same,
mutually reinforcing effect on demand. The other fac-
tors we examined—knowledge about the GM food
industry and about immunotherapy, worries about GM’s
environmental risks, and the severity of the allergy suf-
fered—each has unambiguous implications for long-run
adoption, although only by way of either one of the two
latent variables.

References
Baba, K., & Nakae, K. (2008). Epidemiological survey of nasal

allergy in 2008—Comparison with 1998 result. Progress in
Medicine, 28(8), 145-156.

Burton, M., & Pearse, D. (2002). Consumer attitudes towards
genetic modification. Functional foods, and microorganisms:
A choice modeling experiments for beer. AgBioForum, 5(2),
51-58. Available on the World Wide Web: http://www.agbio-
forum.org.

Chern, W.S., Rickertsen, K., Tsuboi, N., & Fu, T. (2002). Con-
sumer acceptance and willingness to pay for genetically mod-
ified vegetable oil and salmon: A multiple-country

assessment. AgBioForum, 5(3), 105-112. Available on the
World Wide Web: http://www.agbioforum.org.

Costa-Font, M., Gil, J.M., & Traill, B. (2008). Consumer accep-
tance, valuation of and attitudes towards genetically modified
food: Review and implications for food policy. Food Policy,
33, 99-111.

Deodhar, S.Y., Ganesh, S., & Chern, W.S. (2008). Emerging mar-
kets for GM foods: An Indian perspective on consumer under-
standing and the willingness to pay. International Journal of
Biotechnology, 10(6), 570-587.

De Steur, H., Gellynck, X., Storozhenko, S., Liqun, G., Lambert,
W., Van Der Straeten, D., & Viaene, J. (2010). Willingness-to-
accept and purchase genetically modified rice with high folate
content in Shanxi Province, China. Appetite, 54, 118-125.

Einsiedel, E.F, & Medlock, J. (2005). A public consultation on
plant molecular farming. AgBioForum, 8(1), 26-32. Available
on the World Wide Web: http://www.agbioforum.org.

Gaskell, G. (2000). Agricultural biotechnology and public atti-
tudes in the European Union. AgBioForum, 3(2&3), 87-96.
Available on the World Wide Web: http://www.agbiofo-
rum.org.

Hefferon, K.L. (2015). Nutritionally enhanced food crops: Prog-
ress and perspectives. International Journal of Molecular Sci-
ences, 16, 3895-3914.

Hill, R.C., Griffiths, W.E., & Lim, G.C. (2012). Principles of
econometrics. Hoboken, NJ: John Wiley & Sons.

Loureiro, M.L., & Bugee, M. (2005). Enhanced GM foods: Are
consumers ready to pay for the potential benefits of biotech-
nology? The Journal of Consumer Affairs, 39(1), 52-70.

Lusk, J.L., Moore, M., House, L.O., & Morrow, B. (2004). Influ-
ence of brand name and type of modification on consumer
acceptance of genetically engineered corn chips: A prelimi-
nary analysis. International Food and Agribusiness Manage-
ment Review, 4, 373-383.

McCluskey, J.J., Grimsrud, K.M., Ouchi, H., & Wahl T.I. (2003).
Consumer response to genetically modified food products in
Japan. Agricultural and Resource Economics Review, 32(3),
222-231.

Sabalza, M., Christou, P., & Capell, T. (2014). Recombinant plant-
derived pharmaceutical proteins: Current technical and eco-
nomic bottlenecks. Biotechnology Letter, 36, 2367-2379.

Saito, Y., Saito, H., & Sembokuya, Y. (2009). Consumer evalua-
tions of pork from hogs raised on recycled food waste. Agri-
cultural Information Research, 18(3), 152-161.

Sasakawa, Y., Ishikawa, T., & Tabei, Y. (2011). Experiencing
effect of exposure to the GM information and communication.
Breeding Science, 13, 99-106.

Stoger, E., Fischer, R., Moloney, M., & Ma, J.K. (2014). Plant
molecular pharming for the treatment of chronic and infec-
tious diseases. Annual Review of Plant Biology, 65, 743-768.

Takaiwa, F. (2004). Development of GM rice for cedar pollen
allergy control. Food Science Journal, 312, 32-38.
Saito, Sasakawa, Tabei, & Ito — Health-risk Concerns vs. Medical Benefits of the GM Technology


	Introduction
	Medical Rice Technology
	Data Collection and Respondent Profile
	Framework for Predicting Medical Rice Acceptance
	Trade-off
	Human Health Risk and Willingness to Try

	Estimation Model
	Estimation Results
	Conclusions
	References

