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The Effects of Risk Perceptions on Consumer Preferences for Biotech Labeling  

The voluntary labeling system established by the U.S. Food and Drug Administration 

(FDA) in 1973 was replaced by the Nutritional Labeling Education Act (NLEA) of 1990. 

NLEA requires mandatory labeling for all packaged foods and strict regulations regarding 

health claims and nutritional contents. The U.S. Office of Technology Assessment defined 

biotechnology as  “any technique that uses living organisms (or parts of organisms) to make or 

modify products, to improve plants or animals, or to develop micro-organisms for specific 

uses.”(U.S. Congress, 1984:3)1. For example, animals may be genetically engineered to 

encourage growth and to have better quality characteristics. Bovine Somatotropin (BST) or 

bovine growth hormone is a naturally occurring protein made in the pituitary gland of the cow. 

Recombinant bovine somatotrophin (rBST) is BST produced by genetically modified bacteria 

in the laboratory (Aldrich and Blisard, 1998). A cow genetically engineered with rBST can 

produce milk by more than 20% (Schacter, 1995).  

Most biotech products in the U.S. are not labeled as such, because FDA and the United 

States Department of Agriculture (USDA) require labeling only if biotech foods are determined 

materially different from conventional counterparts. Material differences contain different 

nutritional properties and safety contents from existing products, an allergen that consumers 

would not normally be presented based upon the name of the food, and so on. The current U.S. 

policy is based on the rationale that scientific results can confirm whether or not biotech 

products are materially different from traditional counterparts.  

Policymakers, who may implement policy based on results of scientific studies, may not 

be aware of seemingly irrational concerns held by consumers. However, some consumers view 

                                                 
1 The terms biotechnology, biotech, genetically modified, and genetically engineered are used interchangeably in 
this paper. 
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biotechnology as a risky process, and have hightened interest in food safety and qualities issues 

associated with biotech food. Some consumers who worry about potential unknown health risks 

that science might not detect agree for the “right to know” whether or not products are 

produced using biotechnology. These consumers’ concerns for labeling are related to their 

perceptions of unknown health and safety risks. Preferences for labeling come from the 

consumers’ desire to make an informed buying decision for biotech products. Uncertainties will 

obviously have an impact on consumers’ choice for biotech product labeling.  

Public Discussion 

Based on the timing and types of information available to consumers, consumer 

products can be characterized as falling into categories: search goods, where consumers can 

ascertain the attributes (or quality) of a product before they buy and consume it; experience 

goods, where consumers can judge the attributes of a product after they buy and consume it; 

and credence goods, where consumers can not accurately determine the attributes of a product 

even after they inspect, buy, and consume it (Nelson, 1970; Darby and Karni, 1973). It is 

assumed that consumers would have considerable difficulty and could not measure the 

attributes of biotech products even after consumption. Most biotech products fall in the 

credence good category (Isaac and Phillips, 1999).  

Concerns regarding biotechnology stem from potential unknown effects, or food safety 

due to change of genes and nutritional content, environmental quality, morality and animal 

welfare owing to transgene and mistreatment of animals, and so on.  According to a study by 

Hoban and Kendall (1992), about forty seven percent of respondents have heard about 

biotechnology. Respondents showed that they feel acceptable in the case of transferring genes 

from plants to plants, but transferring it from animals to plants, animals to animal, and human 
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to animal is unacceptable. Opponents of biotechnology argue that the unknown risks outweigh 

the benefits and, on the other hand, proponents focus on benefits more (Wansink and Kim, 

2001).  

Also, the issue of labeling of biotech-derived products is presently being debated in 

many countries. European Union, (EU), Australia, Canada, New Zealand, and Japan regulate 

genetically modified products in specific ways. European Union (EU), with some exceptions, 

requires labeling on food containing ingredients genetically modified and produced through 

genetic modification techniques, and some European countries, such as Austria and 

Luxembourg, do not allow import and use of agricultural biotechnology (AB) products 

(Cunningham and Unnevehr, 1999; Shoemaker and et al, 2001). Accordingly, it is highly likely 

that EU would claim segregation of biotech products from non-biotech products in the near 

future, which will cause tremendous marketing costs to U.S. export, due to separate shipping, 

inspection, and handling cost besides different labeling cost.    

This study provides information to understand the relationship between consumers’ risk 

perceptions of biotech products and their attitude on mandatory labeling for those products. 

That is, the present study will help determine how consumers’ risk perceptions of biotech 

products relate to their attitude on labeling policy.  

Literature Review 

From an economic perspective, Caswell and et al. (1994) studied the development of 

agricultural biotechnology. Caswell and et al. said that the success of biotech products depends 

upon some factors, such as public policies, producer’s expectation, and consumer demand on 

biotech products. The study suggested that if profitability of using the biotechnology is 

expected to be high, then demand for that by farmers and processors would increase. Caswell 
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and et al. indicated that consumer demand on biotech products would, eventually, determine the 

demand of biotechnology in the farm sector. 

Caswell (1999) stated that the initial direction and speed of development of market for 

foods produced using genetically modified organism (GMOs) are significantly influenced by 

the choice of labeling policy. However, Caswell argued that there are a few realistic and 

economic reasons for not requiring all information to be disclosed on food labels. For example, 

those include substantial difficulty to separate biotech ingredients from non-biotech 

ingredients, increased marketing cost due to segregation of biotech products from non-biotech 

products, and limit of information to display on a label.   

Using nationwide consumer survey data, Grobe and et al. (1996) studied consumer risk 

perception associated with genetically modified product, recombinant Bovine growth 

hormone(rbGH), which is a food-related biotechnology used in milk production. The study 

investigated how consumers react to different typologies of risk perception toward the use of 

rbGH, and found the characteristics of consumers at each risk perception typology. Taking 

account of the complexity and unfamiliarity of biotechnology, consumers are distinguished into 

two groups. One group is about those with prior knowledge about rbGH’s use, and the other 

group is those who are not conscious of rbGH’s use. Grobe and et al. demonstrated that 

consumers with similar information showed the various risk perceptions. Consumer groups 

with shared information on rbGH displayed incoherent beliefs and roles relating to their own 

preferences. In addition, the study found that those who engaged in self-protective action were 

strongly correlated with environmentalist concerns. 

Investigated are consumers’ perceptions toward biotechnology in fifteen developed 

countries including U.S. and France. Hoban (1999) demonstrated that consumers from different 
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areas of the world have quite diverse perceptions and understanding toward biotechnology. The 

study showed that consumer perceptions about biotech products are very different depending 

on type of information, government credibility, and cultural preferences. Especially, U.S. 

showed strong public support for biotechnology applications in comparison to other European 

countries. Most U.S. consumers expressed the circumspect optimism about benefits of 

biotechnology, and they will accept the biotech products if the price is appropriate and 

biotechnology benefits society. 

FDA (2000) examined consumer perceptions and awareness in four cities: Calverton, 

MD; Burlington VT; Seattle, WA; and Kansas City, MS. Most of participants said that to tell 

whether a food is produced using biotechnology, all foods should be labeled. Their concern for 

labeling was not in specific effect of biotechnology but in unknown long-term health and safety 

risk which motivates the demand for biotechnology labeling. In terms of labeling approach, 

nearly all participants recognized value in having “mere disclosure” labeling, and many of them 

were aware of symbolic value when they decided not to purchase biotech products. In regarad 

to the practicability of labeling, most participants expressed that labeling should be simple and 

effective. This suggests that too wordy and complicated labeling might put burden on consumer 

to get more informed. 

According to Hallman and Metcalfe (1995), eighty four percent of respondents 

supported special labels, that is, mandatory labeling, on biotech products. Sixty percent of 

participants answered that they would consider purchasing biotech vegetables if those are 

labeled as having been produced using biotechnology. Fifty eight percent said that they would 

spend time for looking at biotech labels while shopping. Forty two percent of respondents who 
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said that they would search for produce labeled “not genetically engineered” also stated that if 

label conveys the information of biotech produce, then they would buy produce. 

Mojduszka and Caswell (2000) examined the effectiveness of markets in providing 

information to consumers on nutritional quality of processed foods. The study found that 

voluntary labeling on nutritional quality of processed foods was ineffective. Mojduszka and 

Caswell demonstrated that incentives for voluntary labeling of nutrient content by food 

processing company did not provide the consistent and effective quality signals to consumers. 

Thus, Mojduszka and Caswell suggested that it is more likely that mandatory labeling for 

nutrition quality, in comparison with voluntary labeling, increases the information available to 

consumers. The other study investigated the impact of food labels on consumers’ intake of 

selected nutrients. Kim and et al. (2000) has compared the nutrient intakes of label users with 

the expected nutrient of intakes of label users in the absence of labels. The study showed that 

the use of mandatory labeling on nutrients reduced the average daily calories from total fat by 

2.10 percentage points, the average daily cholesterol intake by 67.60 milligrams, and the 

average daily sodium intake by 29.58 milligrams. Kim and et al. demonstrated that mandatory 

labeling on the selected nutrients improved the intakes by consumers. The study provided the 

evidence that mandatory labeling is more likely to provide health benefits and society welfares, 

compared to voluntary labeling. However, none of the studies, including those of both 

Mojduszka and Caswell and Kim et al., has not been found to compare voluntary with 

mandatory labeling on biotech products.  Thus, the present study is worthy in that consumer’s 

preferences for voluntary and mandatory labeling on biotech products are analyzed.  

The Empirical Model 
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A binary probit analysis is conducted to investigate the effects of consumer risk 

perceptions of biotech foods on the current U.S. labeling policy. As the basis for the analysis, 

labeling preferences for voluntary or mandatory labeling are expressed as a function of 

consumers’ risk perceptions, willingness to purchase biotech foods, consumer use of food 

labels, and demographics. The structural equation is specified as follows: 

                           Pr( | ) ( ) ( ' )
'

Y x t dt x
x

= = =
−∞
∫1 φ βΦ  

A regression for the probability model is  

                                       E y x F x F x F x[ | ] [ ( )] [ ( )] ( ).' ' '= − + =0 1 1β β β   

Generally, marginal effects for the binary probit model are given by;  

                                        
∂

∂
φ β β

E y x
x

x
[ | ]

( )'= , 

where φ ( )t  is the standard normal density, y is a dependent variable, and x is a matrix of 

independent variable including dummy variables. 

However, when x contains dummy variables, calculating marginal effects in the binary probit 

model is more complicated. Because the derivative is with respect to a small change, it is not 

appropriate using above method (Greene). The appropriate marginal effect for a binary 

independent variable, according to Greene, is  

                             Marginal Effect= Pr[ | ] Pr[ | ]
_ _

, ,Y xd d Y xd d= = − = =1 1 1 0  

where d is a binary independent dummy variable, indicating purchasing biotech product and 

socioeconomic/demographic information, and x d( )

−

indicates the means of all the other variables 

in the model. 
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The dependent variable, y, is defined as mandatory and voluntary labeling. Mandatory 

labeling is represented by 0, and the FDA’s current voluntary labeling policy is represented by 

1. Independent variables, x, characterize consumers’ perceptions toward biotech foods, 

purchasing behavior of biotech foods, consumer use of food labels, and demographics. 

Variables indicating consumers’ perceptions of biotech products are those regarding human 

health, morality, environmental biodiversity, religious motivation, and so on. Whether or not 

respondents will purchase biotech foods is another variable. Frequency of food label use of 

respondents is the other explanatory variable. Demographic variables are gender, age, income, 

marital status, and etc..  

The coding for either purchasing or not purchasing biotech foods is defined as follows: 

Non-Meati=1if the ith respondent purchases non-meat produced using biotech, otherwise Non-

Meati= 0; and, Meati=1 if ith respondent purchases biotech meat, otherwise Meati=0. The 

coding for demographic variables is as follows: Ageij=1 if the ith respondent’s age corresponds 

to the jth group, otherwise Ageij=0; Incij=1 if ith respondents’ income falls into jth category, 

otherwise Incij=0; Ethij =1if the ith respondent’s race corresponds to jth category, otherwise 

Ethij =0; Eduij=1if the ith respondents’ education level indicates the jth category, otherwise 

Eduij=0; Mari=1 if ith respondent is married, otherwise Mari= 0; Femi=1 if the ith individual is 

female, otherwise Femi= 0; Occupij=1 if ith respondent’s occupation falls in the jth category, 

otherwise Occupij=0; and, Infantsi=1 if ith respondent has infants, otherwise Infantsi=0. In 

addition, the coding for respondents’ perceived level of risks and benefits associated with 

biotechnology is expressed as ranging from 5 ( strongly agree) to 1(strongly disagree). The 

coding for consumer use of food labels is represented as raging from 5 (never) to 1 (always). 

The Questionnaire and Survey 
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A questionnaire was developed that included questions on mandatory and voluntary 

labeling preferences; questions on consumer perceptions of biotech foods; questions on 

purchasing biotech foods; questions regarding the consumers’ use of food labels; and questions 

on consumer demographic.  

The first part of the questionnaire presented background information on biotechnology. 

It contains a definition of biotechnology, present and future uses (benefits), and example of 

present application of biotechnology. This was followed by several questions in regard to the 

respondents’ general knowledge of, and their attitudes toward biotechnology. In the following 

section respondents were asked whether they are in favor of either voluntary or mandatory 

labeling policy for biotech products. Next section describes a question on consumers’ 

willingness to purchase biotech foods and a question on how often they read food labels while 

shopping. In the last section, information is collected regarding respondents’ socioeconomic 

and demographic characteristics (e.g., age, income, marital status, education, and so on). 

In order to meet the objectives of the study, a mail survey was conducted during the 

month of July 2002. Questionnaires were mailed to randomly selected 3,450 households for the 

seven metropolitan regions in the U.S.: Atlanta, Denver, Houston, Chicago, Los Angeles, New 

Orleans, and New York. Number of surveys mailed to Atlanta is 450, Denver 500, Houston 

500, Chicago 500, Los Angeles 500, New Orleans 500, and New York 500. Five hundred nine 

usable surveys were returned, for an overall response rate of 14.75%.  

Results 

Frequency distributions of the socioeconomic/demographic information of the sample 

are presented in Table1. Out of 509 respondents, 54 % (274) are male and 46% (235) are 

female. All age groups are represented in the sample, with the 45-54 age groups representing  
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27% of the sample. Most of the respondents are highly educated, as more than 80% finished 

some college course, completed bachelor degree, and did post graduate work. The median 

income of respondents is between $30,000 and $44,999, accounting for 20% of the sample.  

Frequency distributions concerning respondents’ agreement or disagreement with the 

mandatory labeling versus voluntary labeling question are presented in Table2. As shown, of 

the 509 respondents, 80% (409) support mandatory labeling policy for biotech products. Only 

20% of respondents favor the voluntary labeling policy. 

Results of the probit model are presented in Table 3. The chi-square test showed that the 

overall model is significant at the 0.05 level of significance. Coefficients on questions 7, 8, 10, 

11 are significant at the 5% significance level, and all of the variables have the expected sign 

except questions 8. Question 7 has a negative sign suggesting that as respondents are aware of 

side effects of biotech crops on the wildlife and the environment, they are more likely to 

support a mandatory labeling policy. The marginal effect on this variable indicates that as 

respondent’s perceptions of unfavorable effect on the wildlife and the environment increases, 

the probability of their supporting a voluntary labeling policy would decrease by 0.064. 

Question 8 shows an unexpected sign. Some of the studies have found that consumers are less 

likely to accept the use of biotechnology with animals and meat products produced using 

biotechnology (Hallman and Metcalfe, 1995). Thus, a negative sign is expected, but our results 

reveal that respondents favor a voluntary labeling policy. Question 10 shows a positive sign 

indicating that when respondents trust the U.S. Food and Drug Administration (FDA) as a 

scientific and regulatory institution of biotech foods, it is more likely for them to favor a 

voluntary labeling policy. The marginal effect indicates that if respondents have credit for FDA 

as an inspection and regulatory agency regarding biotech foods, the probability for them to 
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maintain a voluntary labeling policy increases by 0.053. Question 11 has a negative sign as 

expected, which states that as respondents become conscious of unknown health risk associated 

with biotech foods, they are more likely to be in favor of a mandatory labeling policy. The 

marginal effect says that as respondents are aware of unpredicted health danger, the probability 

of agreeing with a voluntary labeling policy decreases by 0.086.  

Socioeconomic/demographic variables are incorporated into the model to examine the 

differences of respondent characteristics on labeling preferences. Coefficients of age and infant 

are statistically significant at the 10% significance level. The negative sign of age variable 

suggests that respondents more than fifty five who are expected to have more health concerns 

for biotech food, compared to other different age groups, are more likely to support a 

mandatory labeling policy. The marginal effect of age variable indicates that the probability for 

them to support a voluntary labeling policy decreases by 0.092. In regard to ethnic background, 

all the coefficients estimated are not significant. The gender coefficient is not significantly 

different from zero. Also, none of the occupation variables is significant. However, 

interestingly, marginal effects of engineering and education variable are significant at the 5% 

and 1% significance level, respectively. It is assumed that income of respondents with 

engineering occupation is relatively high. Respondents with high income are more likely to be 

cautious about health risk, and, thus, are in favor of mandatory labeling policy. As predicted, 

the sign of engineering variable is negative. Respondents severing in education workplace 

support mandatory labeling policy suggesting that they might have better access to information 

and better understanding on the biotech foods. Thus, they may be better aware of unforeseen 

health risk on biotech foods. The negative infants coefficient suggests, as expected, that 

compared to other respondents without infants, respondents with infants who are expected to be 
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more sensitive to the possible health risk are relatively more likely to support a mandatory 

labeling policy. The marginal effect states that the probability of their supporting of a voluntary 

labeling policy decreases by 0.1. 

Coefficient of question 16 has the expected positive sign. When respondents are asked 

if they would purchase a meat product produced using biotechnology, respondents who say yes 

are more likely to favor a voluntary labeling policy. It is understood that these respondents have 

big trust toward FDA as an inspection and regulatory institution of biotech products. The 

marginal effect indicates as they purchase a biotech meat product, the probability of agreeing 

with a voluntary labeling policy increases by 0.188. In question 20, respondents are asked 

whether or not they read the ingredient section of food labels before purchasing a new product. 

As expected, the less they read food labels, the more they are likely to favor a voluntary 

labeling policy. The marginal effect explains that the probability that respondents who are not 

interested in reading food labels are in favor of a voluntary labeling policy increases by 0.043. 

Conclusions 

This study conducting a national survey investigated the effects of consumers’ risk 

perceptions of biotech foods on attitudes toward the current U.S. labeling policy for biotech 

foods. A binary probit analysis is used to examine the effects of risk perceptions of biotech 

foods on consumer preferences for mandatory and voluntary labeling. 

Results showed that as respondents are more aware of adverse effect of biotech crops 

toward wildlife and environment, they are more likely to support a mandatory labeling policy. 

This suggests that respondents in favor of a mandatory labeling policy have a big concern about 

environmental quality, morality, and animal welfare. Results also demonstrated that 

respondents favor a voluntary labeling policy when they trust the FDA as an inspection and 
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regulatory agency for biotech foods. Furthermore, results indicated that as respondents’ level of 

perceptions of unknown health risks associated with biotech foods increases, they are more 

likely to support a mandatory labeling policy. This implies that mandatory labeling of biotech 

foods will serve not only a function of information but also play a role as a safety signal. 

Finally, the study found that when respondents are asked if they would purchase a meat product 

produced using biotechnology, respondents who say yes are more likely to support a voluntary 

labeling policy. The less respondents read food labels, the more they are likely to favor a 

voluntary labeling policy, as anticipated. 

This study has a few limitations. Above all, most respondents are well educated. 

Respondents of eighty one percent finished at least some college course. As discussed by Kim 

and et al. the higher the education level, the lower the intake of saturated fat and cholesterol 

and the higher the intake of fiber. This suggests that well-educated respondents may have better 

access to information and, thus, be more conscious of health and safety risk of biotech foods 

than others. Thus, it is assumed that risk perceptions and attitudes on biotech labeling of less 

educated respondents would be different from well-educated respondents.  Another imitation of 

this study is that survey was implemented in the seven largest cities in the U.S..  It is likely that 

consumers’ risk perceptions of biotech foods and attitudes for a labeling policy would be 

different from consumers in other areas. Thus, future research need to focus on these 

limitations mentioned. In addition, as it is expected that mandatory labeling makes consumers 

pay more marketing cost, future extension of the study would be worthy to research consumers’ 

willing to pay for mandatory labeling. 
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Table 1. Frequency Distribution of Socio-Demographic Characteristics of Survey  
                 Respondents of Biotech Labeling Survey 
Demographic Characteristics 
     Sample (n= 509) Number Percentage 

Gender                      
Male  274 54.0 
Female 235 46.0 
   
Age (years)   
18-24  12 2.36 
25-34 56 11.00 
35-44 99 19.45 
45-54 135 26.52 
55-65 93 18.27 
65 or older 114 22.40 
   
Education   
Less than high school 2 0.39 
Completed High school 58 11.39 
Technical school 37 7.27 
Some college 119 23.88 
Completed bachelor degree  150 29.47 
Post graduate work 143 28.09 
   
Income   
Less than $15,000 33 6.48 
$15,000 -$29,000 47 9.23 
$30,000 - $44,999 101 19.84 
$45,000 - $59,999 99 19.45 
$60,000 -$74,999  76 14.93 
$75,000 -$89,999 53 10.41 
$90,000 -$104,999 32 6.29 
$105,000 -$119,999 19 3.73 
More than $120,000 49 9.63 

 
 
 
 
 
 
Table 2. Respondent’s Responses to a Mandatory or Voluntary  
                 Labeling Policy. 

 Number of Respondents Percentage of Respondents 

Voluntary Labeling 103 20 

Mandatory Labeling 406 80 
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