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The Empirics of Consumer Risk Attitudes and Genetically M odified
Foods

Yau-Yuh Tsay',  Ming Hsin University of Sdence and Technology

Abgtract

The debate over gendticdly modified organiams (GMOs) and GM foods has gained
greater prominence recently. However, potentid hedth and environmenta risks, lack of
trust in regulatory mechaniams, socid and ethica concerns associated with GM foods
have led to argection of GM foods by some consumersworldwide.  In this sudy, we
examine consumer attitudes and purchese intentions towards GM foods, usng survey
data of 624 consumersin Tawan in 2002. Survey results show that reduced use of
pesticide was congdered the most important benefit of GM products, and unknown hedith
problems associated with GM foods was the most important risk concern. The resultsalso
show the mgority of respondents preferred GM  product |abeing to be mandatory, and of
postive labeing. About 45 percent of respondents conceptudly accepted GM foods.
Given GM food prices were lower than those of non-GM foods, however, 73 percent of
respondents reveded to be potentia buyers.

To quantify the effect of demographic, socioeconomic, and attitudind factors on GM

food consumption, ajoint probit and ordered probit modd is estimated, taking account of
joint decison making by consumers i.e, if or not oneiswilling to purchase GM foods by
paying less, and how much less to pay. The results of joint estimation, however, show the
estimate of r (cross-equetion corrdation) is not agnificantly different from zero. Separate
esimation results of probit mode indicate that respondents who care more about GMOs
and GM productsissues after being informed of benefits and potentid risks of GMOs and
GM products, are more likdly to be willing to purchase GM foods, while older consumers
arelesslikey to be willing to make purchase of GM foods. For the ordered probit mode
of price premium (how much lessto pay rdaive to non-GM foods), the parameter
edimates of dl socioeconomic and demographic variablesare not Sgnificant. In order to
better understand consumer conceptud acceptability, we formulate and estimate another
ordered probit modd. The estimation results show that consumers who rank unknown
hedth risk or dlergic problems as top tworisk concerns or who have atained a higher
educationd levd are lesslikely to conceptualy accept GMOs and GM products.

Key words: Genetically Modified (GM) Foods Risk Attitudes, Market Segmentation.
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I ntroduction

The debate over geneticdly modified organisms (GMOs) and GM foods has gained
greater prominence recently.*  The production and use of GMOs in agriculture provide
benefits to farmers, consumers and the environment through increased yidds, lower food
prices and areduction in pesticide use. However, potentia hedth and environmentd
risks, lack of trust in regulatory mechanisms, socid and ethica concerns associated with
GM foods have led to argection of GM foods by some consumers worldwide.

Asan introduction of GM foods into markets is areatively new phenomenon, issues
on food safety, environmentd risks, socid and ethica concerns associated with GM
foods need to be addressed, regarding consumer's right to be informed and consumer's
right to choose GM foods.  Previousresearch on food safety issues has mostly focused
on examining consumer attitudes towards chemica resdues on fresh produce (Huang,
Kan, and Fu, 2000; Buzby, Skees and Reedy, 1995; Eom, 1994; Huang, 1993; Miga,
Huang, and Ott, 1991). Severd studies have tried to explain the formation of consumer
atitudes towards GM foods in dtitude and purchase intention models build on consumer
behavior theory (Bredahl, 2001; Wohl, 1998; and Bredahl et d., 1998).

This sudy isintended to andyze consumer risk atitudes tow ards GM foods by
empiricdly esimating a quditative response (QR) modd. We intend to quantify the
effects of demographic, socioeconomic, and attituding factors on consumer atitudes
towardsGM foods.  In specific, ajoint probit and ordered probit model is estimated,
taking account of joint decison making by consumers i.e, if or not oneiswilling to
purchase GM foods by paying less, and how much less to pay rdaive to non-GM foods,
following an approach deve oped by Huang, Kan and Fu (2000). We first conduct a
survey to collect data from consumersin Tawan in 2002. Survey results are expected to
provide descriptiveinformation for a better understanding of consumer perceptions,
atitudes, and behaviord intentions towards GM foods.  Next, a joint probit and ordered
probit modd would be esimated using collected survey data.  The edtimation results are
expected to be of use for government policy making? and for market ssgmentationin
response to different degrees of GM foods acceptance in the business sector.

Benefits and Risks of GM foods, and Related | ssues

Genetically modified organisms (GMOs)® have been createdby modern
biotechnology with advancesin the fild of molecular biology and the application of
recombinant DNA technology over the pest decades. Agriculturd biotechnology is thet
area of biotechnology involving applications to agriculture. The commercid cultivaion

! Foods grown from genetically modified crop varieties are called GM foods.

2 These policies affect research, intellectual property rights, regulatory approval, labeling, and trade.

3 An organism that has been modified, or transformed, using modern techniques of genetic exchangeis
commonly referred to as agenetically-modified organism (GMO).



of tranggenic plant varieties has commenced Snce 1995. In 1999, it is estimated that
approximetely 40 million hectares of land were planted with transgenic varieties of over
20 plant species.

Benefits of GM Foods

The most commercidly important GM crops indude cotton, corn, Soybean, and
rapeseed containing new and desirable traits such as increased yields, disease resistance,
insect resstance, herbicide res stance, delayed fruit ripening, and enhanced product
qudity. These bendfits accrue primarily to farmers while there are dso economic
benefits accruing to consumers due to higher agriculturd productivity and hence lower
food prices; and to the environment with a more sustainable agriculture and better food
security through reduced use of pesticides and fertilizers. GM foods can dso provide
consumers with improved tagte. In addition, GM crops with traits that confer improved
nutritiond quity such as"Golden Ricg' can be beneficid to millions of peoplein
developing economies who suffer from manutrition and deficiency disorders (L uijk,
Lefferts, and Groth, 1998). Moreover, increasing agricultural productivity of GM crops
and foods means lower prices of basc foodsin deve oping world where the mgority of
food-insecure people depend heavily on agriculture for their livelihood and exports

Potential Risks of GM Foods

There are, however, potentia hedlth and environmentad risks associated with GM
foods. Transfer of genes from one species to another may aso trander dlergic risk and
these risks nead to be evduated and identified prior to commercidization. Labding
would be required in such casesto inform consumers of whét is the content of the GM
foods and how it was produced. One of the potentid ecological risks identified is
increased weediness, due to cross pollination whereby pollen from GM crops spreads to
non-GM cropsin nearby fidds, causng the non-target plantsto potentialy developinto
weeds. Other potentia ecologica risks could result from the widespread planting of
GM corn and cotton with insecticidal genes from the Bt genes, leading to the
development of resstance to the Bt genesin insact populaions and non-target species,
such as birds and butterflies, exposed to the GM crops. There is dso concern that
GMOs may posearisk to biologicd diversty, leading to alegdly binding biosafety
protocol negotiated by governments under the Convention on Biological Diversity (CBD).
Other risksinclude the socid and ethical concerns.  The introduction of GMOs may
increase the prosperity gap between the rich and the poor and the mord dimensions of
patenting living organisms and the cross-gpecies movement of genes would be evaluated
(Bonny, 2001; Knudsen and Scandizzo, 2001; and Olubobokun, Phillips, and Hobbs,

2001).

Segregation and I dentity Preservation of Non-GM Foods from GM Foods

Given the potentid risksinvolved in the production and use of GM foods, some



consumers worldwide have rgected GMOs and required segregation and identity
preservation of non-geneticaly modified foods from geneticaly modified foods. In
response to negdtive public reactions to GM foods in some countries, measures of
labeling some or dl biotechnol ogy-based products have been introduced in a number of
countries, especidly in Europe, and mogt recently Jgpan. However, other governments
express different views and approaches regarding GMOs, paticularly the U.S. The
current debate on labeling emphasizes on the issues of whether product labeling should
be mandatory or voluntary, and what information should be on the label so asto inform
consumers and give consumers more choice.

Impact of GM Crops Varieties and Foods on International Trade

With the introduction of GM crops and foods, the structure of internationd grain
trade market is expected to change (Nidsen et d., 2001b; Strauss, 2001). Given the
Stuation that some consumersin the world market resst to accept GM crops and foods,
one would expect the future development of marketsto be twotiered.  Such
development of more tailored types of markets will affect the economic benefits of bulk
handling subgtantialy from producers to end-users to adjust for segregation and identity
preservation of non-GM foods from GM foods, thereby dtering internationa supply and
demand pattern.  To grow productivity-enhancing GM crops may bring profitsto
agricultura-exporting developing countries, however, the policy choices of and consumer
attitudes towards GM crops and foods in world markets should be taken into account
before being able to redize such benefits (Nidsen et d., 20014).

Conceptual Framework

In the case of food safety, non-market vauation techniques to measure consumers
willingnessto pay (WTP) for reduced food risks are needed since market data and
observed purchase data on risereducing foods are not available.  Contingent vauation
(CV) isgenerdly considered as the most gppropriate choice to vaue non-market goods
such as measuring food safety (Misraet d., 1991; van Ravenswaay, 1990).*  Through
persond interviews, mail surveys, or telephone survey, consumer's WTP for nontmarket
goods "contingent” on a given hypothetical scenario is dicited (Carson et d., 1994).°

In the process of forming consumer risk attitudes and purchase intentions with
regard to GM products, consumers are assumed to face a binary choice of willingnessto
purchase GM foods. Only if an individud is willing to purchase GM foods, a choice
among discrete dternatives of price premium is to be made. The conceptua framework

4 Certain potertial biases, however, may be resulted with CV. Because the questions are givenin a
hypothetical scenario, consumers' subjective responses may not be consistent with what they would actually
pay. In addition, consumers may not well understand and process risk information before responding to
questions.

5> Estimates from CV technique can provide a better understanding of the factorsthat influence the polarity
of views from different consumers to beused in cost/benefit analyses for policy choices of GM foods.



drawsin part on information processing theory (Sterntha and Craig, 1982).

To avoid presupposition effects respondentsin asurvey werefirst queried if they
would be willing to purchase GM foods basaed on afilter desgn (Sterngold, Warland, and
Herrmann, 1994). Only respondents with pogtive response were asked to indicaie an
interva of price premium from a checklist of three hypothetical scenarios (or categories)
of price premium. The price premium indicates the least that they are willing to pay
bel ow the norma purchase price of anonGM food to accept aparticular GM food dueto
potentid risks, in a sense of compensation [t measures consumers willingnessto
accept (WTA) but not WTP for potentia increased risks associated with GM foods.

A willingness to acoept modd is specified based on the modd developed by van
Ravenswaay et d. (1991). It isassumed that utility is derived from the attributes or
characteristics that a good possesses (Lancagter, 1966). Under a budget condraint, the
consumer’'s choice problem is to choose attributes that maximize utility through
consumption of abundle of products with certain atributes.  Assuming the demand
functionislinear or semi-agorithmic for product Xz, a consumer's willingness to accept
(WTA) for achangein the leve of one of its atributes from initid atribute S (offered at
equilibrium price P%) to S isgiven as
1)  WTA=(P-P)* X(Sy),
where Pi* isthe willingness- to- pay price of X1 after the atribute changes.

A consumer’'s preference for goodsis a function of price, attributes,
socioeconomic, and demographic characteristics. For empirica study, cross-sectiond
datais usudly obtained to andlyze the impact of various factors on consumption.
However, such data usudly exhibit minima price variations and hence the demand
function is specified as afunction of non-price variables
(2) X1 = X1(2),
where Z is a set of socioeconomic and demographic variables, including income. Hence,
WTA can be expressed as.

B  WTA=(P-P)* X(Z]9),
implying that willingness to acoept is a function of atributes of X, the socioeconomic
and demographic factors®

Mode Specification

To andyze consumer risk attitudes and purchase intentions, ajoint probit and
ordered probit modd is formulated, taking into account joint decison making by
consumers, i.e, if or not oneiswilling to purchase GM foods by paying less, and how
much lessto pay. An individud i isassumed to make choice 1 of willingnessto

® Further study may employ CV technique to focus on valuing food safety for specific GM crops varieties
and foods categories, such as soybeans, corn, potato, processed soybeans products, processed corn products,
processed potato products, etc.



purchase because of its higher utility attainable compared to the dternative choice of 0.
According to Greene (2003), the univariate probit mode for a binary outcomeis

Unobserved y* =Ui-Up=bxi+e , e ~ N[0]],

()] Observed yi =1, if anindividud iswilling to purchese GM foods.
(i.e, U>Uo);

=0, othewiss

where Uy denotes utility derived from choice 0 and U; denotes utility derived from choice
1. y;isanobserved response (or choice) varigble, and % isaset of explanatory
(demographic, socioeconomic, and attitudind ) variables. b isavector of parametersto
be edtimated, reflecting the impact of changesin x on the prabahility.

To andlyze how the price premium accepted by an individud is determined given
an individud iswilling to purchase GM foods, an ordered probit modd is specified:

Unobserved m* =a'z+xi, X ~ N[0]],

) Observed m =0, if mrEm

=1 if m<m*£m

=2 if mr>m,
where ns are unknown threshold parameters to be estimated with a.  There are three
price premium categories (m =0, 1, or 2), indicating an individua would make purchese
of GM foodsiif the prices of GM foods are lower than non-GM foods by 20% or less,
between 21% and 49%, and 50% or more, respectively. The disturbance terms of
equaions (4) and (5) e and x;, are distributed as Sandard bivariate normd, with
corrdationr . Equations (4) and (5) are to be edimated jointly by maximum likelihood
gpproach to avoid of aloss of efficiency of parameter estimates according to Meng and
Schmidt (1985).

Data

To andyze therisk attitudes towards GM foods of consumersin Tawean, we
design questionnaire, conduct survey, and collect deta from persond interviews. A
guestionnaire of twenty questions was designed to collect data on consumer risk attitudes
towards GM foodsin Tawan.” The survey was conducted through persond interviews
with atota of 700 questionnaires given out for deta collection in 2002. The survey
consisted of two parts®  Thefirst part of the questionnaire was designed to gather

" The survey questions are presented in Appendix 1.



information on consumers avareness of, generd knowledge about GM foods, and about
benefits and potentia risks associated with GM foods, what consumers concern the most
and the least about the benefits and potentid risks, consumers conceptua acceptance of
GM foods, consumers opinions of Iabding policy; and willingness to purchase GM foods
by paying less for GM foods. The second part contained questions to collect
socioeconomic and demographic data

Sample Profile

A totd of 624 samples (out of 700) were complete and avallable for anaysis,
giving an effective response rate of 89.14 percent. Table 1. shows the profile of the
respondents in survey. Femae and mde respondents accounted for 53 percent and 47
percent of tota survey sample, respectively. The age group of 20 or under 20 had the
greatest representation (40.9 percent), followed by the age group of 21-30 (34.1 percent).
It indicated that most of respondents were young consumers. 68.8 percent of the
respondents hed atained an educationd level beyond the 12th grade, and about 73.9
percent of respondents had annud income lessthan NT$ 400,000.  Students were the
mgority of respondentsin survey (54.7 percent), followed by those who were employed
in sarvice indudry (21 percent). Only 8.3 percent of respondents were engaged in
food-rdated business.

Qrvey Results

Assummarized in Table 1, more than hdf of respondents (55.6%) reported they
were aware of or knew about GMOs and GM products. Respondents were aso asked if
they could name some products that contain GM Os, and most respondents stated
soybeans, carn, and processed products made from soybeans and corn. The mgority of
respondents were not sure about having ever purchased GM products, accounting for 57.1
percent of repondents. While, there were about 20 percent of respondents who were
aware of having ever purchased GM products. Less than 30 percent (27.5%) of
respondents knew about benefits and potentid risks of GMOs and GM products before
being informed in questions that followed. The mgority (83.7 %) of respondents stated
that they would care more about GMOs and GM products, after being informed of their
benefits and potentid risks. It is quite surprising to learn that nearly 17 percent of
respondents would not care more.

Respondents were asked to rank the benefits of GMOs and GM foods. The results
of ranking are given in () asfollows with 1 indicating the most important benefit
congdered, and 5 the least:

() GM crops varieties can increase agricultural productivity and hence lower prices of
basic foods in deveoping world where the mgority of food-insecure people depend
heavily on agriculture for ther livdihood and exports
(5) GM foods can provide consumers with improved teste.
(4) food prices can be lower due to increasad yields by planing GM crops varieties.



(1) pedticide use can be reduced by planing GM crops varieties.

(2) GM crops with traits conferring improved nutritiond quity can help millions of
people in developing countries who suffer from manutrition and deficiency
disorders.

Respondents were dso asked to rank the potential risks associated with GMOsand
GM foods The results of ranking are givenin () asfollows, with 1 indicating the most
important potentid risk conddered, and 4 the least:
(2) GMOs and GM products may pose risks on ecosystem and biologica diversty.
(3) GM products may cause dlergic problems.
(1) GM products may cause other unknown hedlth problems.
(4) sodid and ethicd concerns about GMOs and GM products.

44.7 percent of respondents indicated they would conceptual ly accept GM products,
after being informed of benefits and potentid risks of GM products, and 21.5 percent of
respondents would not acoept GM products conceptudly.  While there were about one
third of respondents were undecided if they would conceptudly accept GM products. A
large mgority (93.1 percent) of respondents required products with GM contents to be
labded. 81.1 percent of respondents preferred GM product |abding to be mandatory.
83.2 percent of the respondents demanded GM product labding to be postive labding,
i.e, labeling GM products. 72.3 percent of respondents would not make purchase of
products without reading the labels on products that may contain GMOs.  73.1 percent
of respondentswere willing to purchase GM foods, provided that the prices of GM foods
were chegper than those of non-GM foods. 36 percent, 34 percent and 30 percent of
respondents demanded prices of GM foods to be lower than those of non-GM foods by
20% or less, 21%-49%, and 50% or more (three price premium categories) fa themto
switch to purchase GM foods, respectively.

Edimation Results

The empirica results of joint estimation of probit and ordered probit modds show
the estimate of r (cross-equation corrdation) is not Sgnificantly different from zero,
suggesting the unexplained resduds of the probit and ordered probit equations were
uncorrelated. We then proceed to estimate the probit modd and ordered probit model
Separately.

Table 2 presents separate estimation results of two equations of willingnessto
purchase (probit mode) and of price premium for GM vs. non-GM products (ordered
probit modd). The parameter estimates represent the margina effect of achangein an
explanatory variable on the probability digtribution of the dependent varigble.  As shown
in Table 2, parameter estimates of probit modd indicate that respondents who care more
about GMOs and GM products issues (CARE) are more likely to be willing to purchese
GM foods, while older consumers (AGE) are less likely to be willing to make purchese of



GM foods. Modd sgnificanceis verified through a chi-squared test of the difference
between the redtricted and unredtricted log likelihood values. With degrees of freedom
of 9, the chi-squared tatistic was 22384 and highly Significant at the 1 percent level.®
For the ordered probit modd of price premium (how much lessto pay), the parameter
edimates of dl socioeconomic and demographic variables were not Sgnificart in
explaining differencesin price premium demanded among consumerswho are willing to
meake purchase of GM foods with lower price relative to non-GM foods.

Our survey design has intended to identify the consistency in responses for
questions 8 and 13 in the quedtionnaire. In question 8, the respondents were asked if
they would conceptually accept GM products, after being informed of benefitsand
potentia risksof GM products. While, in question 13, the respondents were asked if
they would be willing to purchase GM foods, provided thet the prices of GM foods were
cheaper than those of non-GM foods. Table 3 shows a comparison in sample counts of
both quedtions. It is found that 67 respondents who answered "no* (ACCEP=1) to
question 8 were Hill potentid buyers (PURCH=1) given alower price of GM vs. non-GM
foods. Smilaly, itisaso interesting to find that 43 respondents who answvered "yes'
(ACCEP=3) to question 8 would not make purchase of GM foods (PURCH=0) given a
lower price of GM vs non-GM foods. It indicates that purchase decison may be
determined by factors other than price, such as consumers subjective perceptions of the
actud product characteristics as discussed in equation (3).

In order to better understand consumer conceptud acceptability, we formulate and
estimate another ordered probit model of consumer conceptual acceptance!®  The
results are summarized in Table 4. The estimated parameter of CARE varidblewas
podtive and highly sgnificant at the 5 percent level.  While, parameter estimates of both
RISK and EDU variableswere negative and sgnificantly different from zero. The
results suggested that respondents who care more about GMOs and GM products issues
(CARE) after being informed of benefits and potentid risks of GMOs and GM products,
are more likely to conceptudly accept GMOsand GM products.  However, consumers
who ranked unknown hedth risk or dlergic problems as top two risk concerns (RISK) or
who had atained a higher educationd level (EDU) are less likely to conceptually accept
GMOsand GM products  Threshold parameter (m) estimate was dso presented and
was highly sgnificant. Modd sgnificanceis verified through a chi-squared test of the
difference between the restricted and unredtricted log likelihood values. With degrees of
freedom of 9, the chi-squared atistic was 21.524 and highly sgnificant.

Table 5 provides estimated probabilities of conceptua acceptance of GM products
associated with each level of conceptud acceptability (ACCEP=1, 2, 3), usng the
parameter etimates from Table4.  The resultsindicated about 86, 11, and 3 percent of

9 A pseudo-R? can be cal culated based on the ratio of the unrestricted and restricted log-likelihood val ues
for ameasure of goodness-of-fit (Long, 1997).

10 1t is noted that consumers’ willingness to purchase given a price premium incentive does not necessarily
mean consumers’ conceptual acceptance as discussed above and presented in Table 3.



the probability digtribution was associated with the category representing pogtive
(ACCEP=3), neutrd (ACCEP=2), and negative (ACCEP=1) conceptual acceptance of
GM foods, respectivdly. This is evidence that consumers have a tendency to
conceptudly accept GM products.

Teble 6 presents the estimated margina probabilities'* (margind effects) of the
ordered probit modd of consumer conceptud acoeptability of GM foods. The results
showed that a change in hedth risk concerns had the greetest impact on the margind
probabilities associated with each category of conceptual acceptance  Asthelevd of
hedth risk concerns increases, consumers would shift from positive conceptua
acceptance category to neutral and to negative conceptua acceptance categories.
Smilarly, astheleve of education atained increases, consumers would shift from
postive to neutrd and then to negative conceptua acceptance category.  However, as
theleve of consumers care about GMOs and GM foods increases, consumer will shift
from negative to neutral and to positive conceptua acceptance category.

Summary and Conclusions

In this study, consumer avareness and attitudes towards GM foods has been
examined.  From the survey results, we know thereisaneed to provide more
information on GMOs and GM products to the public, induding knowledge about the
benefits and potentid risks associated with GM products.  Survey results show that
reduced use of pesticide was consdered the most important benefit of GM products. It
isfollowed by the humane care for people in developing world. GM crops with traits
conferring improved nutritiona quadity can hep millions of people in developing
countries who suffer from manutrition and deficiency disorders. In addition, GM crops
varieties can increase agricultura productivity and hence lower prices of basic foodsin
deve oping world where the mgority of food-insecure people depend heavily on
agriculture for ther livelihood and exports. Chegper food prices and improved taste
provided by GM foods are found the last two important benefitsconcerned  Unknown
hedth problems associated with GM foods was the most important risk concern followed
by environmenta concerns. The least concerns are socid and ethica ones.

Regarding consumers opinions of labeling GM products, the results show the
mgority of consumersin Taiwan required products with GM contents to be labeed.
They dso preferred GM product labeling to be mandetory, and of pogtivelabding. The
results would provide government with information for labeing policies thet best suit
consumers needs. From the survey results, consumers willingnessto purchase GM
foods by paying less and how much lessweredicited.  About three fourth of
respondents were willing to purchase GM foods, provided thet the prices of GM foods
were chegper than those of non-GM foods, indicating the mgority of respondents being

11 The marginal probability measures the change in the probability of each discretive choice
(ACCEP=0,1,2) with respect to achange in an explanatory variable.

10



riskinsengtive.  While, in terms of price premium demanded, al respondents were
dmog evenly divided in sample countsto fdl into three price premium categories (20%

or less, 21%-49%, and 50% or more) for them to switch to purchase GM foods, reveding
different levels of price-sengtivity among consumers.

To quantify the effect of demographic, socioeconomic, and attituding factors on
GM food consumption, ajoint probit and ordered probit modd is estimated, taking
acocount of joint decison making by consumers i.e, if or not one iswilling to purchese
GM foods by paying less, and how much lessto pay. Theresultsof joint estimation,
however, show the estimate of r (cross-eqution correation) isnot Sgnificantly different
from zero.  Separate estimation results of probit modd indicate thet respondents who
care more about GMOs and GM products issues after being informed of benefits and
potentid risks of GMOs and GM products, are more likdly to be willing to purchase GM
foods, while older consumers are less likely to be willing to make purchase of GM foods.
For the ordered probit mode of price premium (how much less), the parameter estimates
of dl socioeconomic and demographic variableswere not Sgnificant.  In order to better
understand consumer conceptua acceptability, we formulate and estimate another
ordered probit modd of conceptua acceptability of GM foods.  The results show that
consumers who ranked unknown hedlth risk or dlergic problems as top two risk concerns
or who had attained a higher educationd level were less likely to conceptudly acoept
GMOsand GM products While, consumers who care more about GMOs and GM
products issues after being informed of benefits and potentia risks of GMOs and GM
products, were more likely to conceptualy accept GMOsand GM products.  The
findings of thisstudy are expected to be of use for government policy meking and for
market segmentation in response to different degrees of GM foods acceptance among
consumers through efficient marketing strategies in the business sector.
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Appendix 1.

Part 1. Twenty questionswereasked in survey. In specific, respondents were

Al asked if they were avare of or knew about GMOs and GM products.

A2. asked if they could name certain products in market that contain GMOs.
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A3. asked if they were aware of having ever purchased GM products.
A4, asked if they knew about benefits and potentia risks of GMOs and GM products.

Ab. asked if they would care more about GMOs and GM products, being informed of
benefits and potentid risks of GMOs and GM products Sated in the same question.

AB. asked to rank the fallowing benefits of GMOs and GM foods.

a GM crops varieties can increase agricultura productivity and hence lower prices of
basic foods in deve oping world where the mgority of food-insecure people depend
heavily on agriculture for ther livelihood and exports.

b. GM foods can provide consumers with improved taste.

¢. Food prices can be lower due to increased yields by planing GM crops varieties.

d Pedticide use can be reduced by planing GM crops varieties

e GM cropswith traits conferring improved nutritiona quality can help millions of
people in devel oping countries who suffer from manutrition and deficiency
disorders.

A7. asked to rank the falowing potential risks of GMOs and GM foods
a GMOs and GM products may pose risks on ecosysten and biologicd diversty.
b. GM products may cause dlergic problems.
¢. GM products may cause other unknown hedlth problems.
d. GMOs and GM products would cause socid and ethical concerns.

A8. asked if they would (conceptually) accept GM products, after being informed of
benefitsand potentid risks of GM products.

A9. asked if they required any products with GM contents to be labeled.
A10. askedif they preferred GM product labeling to be voluntary or mandatory.
A1l asked if they preferred GM product labding to be

a. pogtive labding, i.e, labeing GM products, or

b. negative labding, i.e, labding non-GM products

A12. asked if they would not make purchase of products without reading the labels on
productsthat may contain GMOs.

A13. asked if they would be willing to purchase GM foods, provided that the prices of
GM foods were chegper than those of non-GM foods.

(Those who answer ed yesto question 13 wer e asked to answer question 14.)

A14.Y ou would demand the price of GM foods to be lower than that of norma purchese
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of non-GM foods by
1) 20% or less. ;  2)between 21% and 49%: ; 3)50% or more:

for you to switch to purchase GM foods.

Part 11. Each respondent isasked to provide demographic and socioeconomic
information as below.

B1. What isthe gender of the respondent?

B2. What is the age of the respondent?
a 20 or under 20; b) 21-30; ©)3140; d)41-50; €)51-60; f)61or over

B3. Wha isthe last grade of school that the respondent completed?

aSome high schodl or less; b) High school graduate/equivaent;
c)Some collegeftechnica degree;
d)Bachelors degree; €)Graduate work/degree

B4. What is the category that best describes the respondent's annua income in New
Tawan (NT) Dallars?

a)<200,000 1)200,000-399,999 ©)400,000-599,999
d)600,000-799,999 €)800,000-999,999 f)>1,000,000

B5. What is the occupation of the respondent?
a) Primary industry b) Manufacturing industry ) Service indugtry
d) Military, government, or school
€) Student f) Unemployment g)Others

B6. Was the respondent engeged in food-related business?
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Table 1. Variable Definition, Coding, and Descriptive Statistics (n = 624 )

Vari abl e Definition and Coding Mean Standard
Deviation

ACCEP Question 8:Would the respondent accept GMOs and GM products conceptually? 2. 23 0.0 8

(n=279* =3, Yes

(n=211) =2, Undecided;

(n=134) =1, No.

PURCH Question13: Wasthe respondent willing to purchase GM foods, provided that the 0.I3 0.44
prices of GM foods wer e cheaper than those of non-GM foods?
=1, Yes
=0, No.

PERCT** Question14: The respondent who answered " yes' to question 13 would switch to 2. D7 0.381
purchase GM foodsiif the prices of GM foods werelower than those of non-GM foods by

( n=1643) 20% or less,

(n=154) =2, between 21% and 49%;

(n=138) =1, 50% or more.

AWARE =1, if the respondent was aware of (or knew about )GMOs and GM products; 0 56 0497
=0, otherwise.

CARE =1, if the respondent would care more about GMOs and GM products, being informed of 03¢ 0.®B7

benefits and potentia risks of GMOs and GM products;

=0, otherwise

RISK =1, if the respondent ranked unknown hedth and dlergic problems as top two potentia risks 058 0499

concerns of GMOs and GM foods,

=0, otherwise.

REGUL =1, if the respondent required any products with GM contents to be labeled; 0.3 0.25
=0, otherwise.

" Sample counts are shown in parentheses. ~ Number of observations for PERCT = 456.
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Table 1. Variable Definition, Coding, and Descriptive Statistics (Continued)

Vari abl e Definition and Coding Mean Sandard
Deviation
LOOK =1, if the respondent would not make purchase of products without reading 0.3%F2 0. 448
the labels on products that may contain GMOs,
=0,otherwise.
GENDER =1, if the respondent is mae; 0. 466 0.499
=0, if the respondent isfemde.
AGE =6, if the age of the respondent is 61 years old or over; (age 3 61) 1.9 1. 076
=5, 603 age>51
=4,503 age>41
=3,403 age>31
=2,303 age>21
=1,203 age
EDU =5, educational leve attained by the respondent: graduate work/degree; 2.M6 0..08

=4, bachelors degree;

=3, some college/technical degree;
=2, high school graduate/equivaent;
=1, some high school or less.

INCOME =6, if the respondent's annua incomeis greater than 1,000,000 New Taiwan dollars; 1.6 1.387
=5, 800,000 - 999,999
=4, 600,000 - 799,999
=3, 400,000 - 599,999
=2, 200,000 - 399,999
=1, <200,000
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Table 2. Parameter Estimates of Willingnessto Purchase and Price Premium for
GM vs. Non-GM Products Equations. Separ ate Estimation of Probit and
Ordered Probit Models

Vaiddle Probit Ordered Probit
Condant 0.256 0.461
(0.838) (2.225)
AWARE 0.103
(0911)
CARE 0385
(2.586)
RISK -0075
(-0674)
REGUL 0.184
(0.858)
LOOK 0139
(1125)
GENDER -0.137 -0040
(-1183) (-0.351)
AGE 0137 0.089
(-2117) (1.388)
EDU -0001 0048
(-0013) (-0.885)
INCOME 0.050 0.025
(0.955) (0.053)
m 0883
(14.298)
c? c?9=22384 c°4=5569
Samplesze 624 456

Note The joint estimetion of probit and ordered probit equetions yields the estimate of
r =0.213, and is not Sgnificantly different from zero, with t-ratio vaue of 0.585.

Note: t-retios are in parentheses.

, denotes sgnificance a the 10% level.
.. denotes significance a the 5% level.
denotes Sgnificance a the 1% levd.

Table 3. Conceptual Acceptance (ACCEP) vs. Consumption Decision (PURCH)

PURCH=0 PURCH=1 Tot al
ACCEP-=1 67 6 7 134
ACCEP=2 58 153 211
ACCEP=3 4 3 236 279
Tot al 168 456 62 4
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Table 4. Parameter Estimates of Conceptual Acceptance of GM Products Equation:

Ordered Probit Modd (ACCEP=1, ACCEP=2, ACCEP=3)

Vaide Parameter t-retio
Edimate
Congant 0.842 3.246
AWARE -0063 -0.669
CARE 0332 2446
RISK 0172 -1.849
REGUL 0223 1229
LOOK 0018 0.168
GENDER -0018 -0.181
AGE 0.001 0014
EDU -0.107 2243"
INCOME -0.047 -1.046
m 0944 16649
c?=21524
Sample 5ze=624

Note  denotes significance a the 10% level.
denotes sgnificance a the 5% leve.

*

* k%

denotes sgnificance a the 1% leve.

Table 5. Egimated Probabilities of Conceptual Acceptance of GM Products

Probability
Consumers would conceptualy accept GM Products.(ACCEP=3) 0.857
Consumers were undecided.(ACCEP=2) 0111
Consumers would not accept GM Products conceptudly.(ACCEP=1) 0.032

Table 6. Marginal Effects. Conceptual Acceptance of GM Products

Would consumers conceptually accept GM products?

No Undecided Yes
AWARE 0.0182 0.0068 -0.0251
CARE -0.0955 -0.0357 01313
RISK 0.0494 0.0185 -0.0678
REGUL -0.0640 -0.0239 0.0880
LOOK -0.0050 -0.0019 0.0069
GENDER 0.0051 0.0019 -0.0070
AGE -0.0002 -0.0001 0.0003
EDU 0.0308 00115 -0.0423
INCOME 0.0137 0.0051 -0.0188
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