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Abstract: Addressing a gap in the literature on genetically modified (GM) food preferences, we 
conducted a survey in Russia, where legislation forbids GM food production and importation. 
Based on in-person consumer surveys and choice experiments in Perm, Russia, we estimate the 
willingness to pay (WTP) for bread containing GMOs. In addition, we utilized a principal-
component analysis (PCA) to construct variables that indicate types of consumers. Within this 
approach, we estimate how respondents’ money- and health-consciousness affects their WTP for 
bread containing GMOs. Our findings are consistent with previous studies of Russian consumer 
preferences, who find that Russian consumers’ food purchases are often motivated by health 
concerns and the “naturalness” of foods. Our results indicate that information-seeking health-
conscious consumers tend to be less likely to purchase GM foods, while more money-conscious 
consumers are more likely to purchase the GM product. Overall, even with discounts ranging 
between 5% and 50%, only around 20% of respondents in our survey are willing to choose bread 
containing GMOs rather than bread made using conventional inputs. 
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1.  Introduction 

 

In many parts of the developed world, there has been a consumer movement to reject modern 

agricultural technology such as genetically modified organisms (GMOs), which were introduced 

in the mid-1990s to improve product quality, yields, and disease and pest resistance (Pinstrup-

Andersen and Schiøler, 2001). Despite a growing consensus in scientific research that 

genetically modified (GM) products are no more hazardous than conventional alternatives 

(Nicolia et al., 2014; Tagliabue, 2016), the lack of universal consumer acceptance is well 

documented across many countries and has resulted in curbed demand for GM food products 

(see Huffman and McCluskey, 2014, for a discussion). This consumer skepticism is based on 

perceived risks over generally unknown long-run environmental and health consequences.  

GM foods are not currently available in Russia, where government officials have taken a 

stance against the internal production and importation of GMOs in spite of significant cost-

savings and increased yields generally associated with the technology. Russia’s decision to ban 

GM foods could be an effective trade strategy given the growing demand for non-GM foods in 

many developed countries. In a speech given to Russian Parliament in December 2015, Russian 

President Vladimir Putin announced his intention to be the world’s leading supplier of 

“ecologically clean and high-quality food” and criticized GMO food production in western 

countries even as demand for organic food continues to increase at high rates (Chow, 2015). 

Russia’s position on GM crops is not unique; many European nations have, at some point, 

enacted (or attempted to enact) legislation restricting GM crop importation or production or 

banning it outright (LLC, 2014; GMO-free Europe, 2017).  
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This article investigates Russian consumer preferences for bread containing GMOs using 

data from in-person interviews in Perm, Russia, obtained for the purpose of this study. Given that 

GM foods are illegal to import or produce in Russia, market transactions data do not exist. 

Experimental auctions, though useful in many contexts, are not feasible here for three reasons. 

First, auctions use explicit prices for a hypothetical product with a direct relationship to an 

existing product for which consumers face heterogeneous prices. This introduces unnecessary 

starting-point bias into the WTP estimation. Second, auctions could potentially dissuade 

respondents from bidding for an illegal product if their personal information was to be 

maintained for ex post contact. Lastly, and sufficient on its own to eliminate the plausibility of 

auctions in this case, the product cannot be delivered to bidders.  

A stated-preference (SP) approach is the best among our feasible options. With a SP 

approach, hypothetical bias (HB) is a concern. HB refers to situations in which the WTP 

estimates elicited from hypothetical formats diverge from the WTP elicited from non-

hypothetical formats. In other words, there exists a major concern with SP surveys that stated 

WTP will exceed true WTP (List and Gallett, 2001; Lusk et al., 2005). In the context of goods 

made with new technology, HB may take the form of an overstatement of the required discount 

for the food product made with new technology (Huffman and McCluskey, 2017). However, 

even with potential HB, useful information can be obtained from the responses. Since there is 

evidence of cross validation between SP approaches and revealed preference approaches, SP data 

can provide support for policy decisions (see Loureiro et al., 2003; Chang et al., 2009).   

Specifically, we utilize a survey-based contingent valuation (CV) approach to elicit 

consumers’ mean willingness to pay (WTP) for GM bread relative to the preexisting non-GM 
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alternative.1 In addition to basic bid and demographic survey questions, we obtained several 

categorical subjective variables. We employ principal-component analysis to combine subjective 

variables in respondents’ questionnaires. Within this approach, we estimate how economic and 

social positions affect the mean consumer’s relative WTP for bread containing GMOs. Though it 

is not possible to disentangle directly consumers’ intrinsic preferences from those established by 

their environment, this article provides the groundwork for future research considering regions 

with similar institutions and levels of economic development but different degrees of state 

intervention. 

 

2. Background and literature 

 

Initially, GM technologies were employed to reduce crop susceptibility to disease and pests 

and to increase the efficiency of the agricultural sector (Pinstrup-Andersen and Schiøler, 2001). 

Second-generation GM products followed, such as functional foods fortified with nutritional 

supplements. Both first- and second-generation GM products have been subject to varying 

country-specific regulations (Veeman, 2002), but empirical evidence suggests that those GM 

products in the first generation have been more susceptible to negative consumer perception 

(Lusk et al., 2005). The lack of unanimity in perception of GM foods may in part be due to their 

implicit classification as credence goods – goods for which the quality is unknown even after 

consumption (Darby and Karni, 1973). This temporally-persistent information asymmetry 

between sellers and buyers can deter the latter. In the case of GM foods, the information 

asymmetry can lead to consumers’ fear about a product’s creation or consumption, whether 

warranted or not.  
                                                            
1 See Lusk (2003) for a detailed explanation of the merits and drawbacks of the CV approach. 
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Consumer perception and acceptance of GM foods varies across cultures and countries. 

Russia spans the continental landmass of Europe and Asia, so it is informative to examine studies 

of GM food perceptions across those continents as a point of comparison with Russian 

consumers. In Europe, broadly speaking, consumers are more critical toward food products 

utilizing new technology compared to their American counterparts (Lusk et al., 2003; Lusk et al., 

2005; Huffman and McCluskey, 2014). Lusk et al. (2003) find that consumers in France, 

Germany, and the United Kingdom are willing to pay much higher premiums for beef not fed 

GM corn compared to US consumers. In a meta-analysis of 25 studies of GM food valuation, 

Lusk et al. (2005) find that European consumers, regardless of survey methodologies, hold 

higher valuations of non-GM food than U.S. consumers. 

Research suggests that GM acceptance among Asia nations has been less consistent. China 

has been relatively accepting of GM foods, while Japan has rejected the technology. Li et al. 

(2002), using data from a consumer survey conducted in China, conclude that the Chinese 

consumers in their sample, on average, are willing to pay a 38% premium for Golden Rice, 

which is enhanced with additional vitamins. Lin et al. (2006) conduct a survey to estimate 

consumers’ WTP for biotech foods, comparing biotech to non-biotech soybean oil and insect-

resistant to non-biotech rice. They find that at least 60% of respondents are willing to purchase 

biotech foods without any discount. In contrast, McCluskey et al. (2003) find that only slightly 

over 3% of Japanese consumers are willing to purchase GM noodles at the same price as non-

GM noodles, and only 17% are willing to purchase the former at a randomly assigned discount.  

Some research has hinted at the impact of socioeconomic status on the biotechnology 

acceptance. With the exception of the United States and Canada, more developed countries tend 

to exhibit more intense aversion to GM foods than less developed countries. In Kenya, research 
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suggests that a majority of consumers, though largely limited in knowledge about GM products, 

are willing to buy GM food products at the same price as their regular equivalent (Kimenju and 

De Groote, 2008). Curtis et al. (2004) directly address consumer acceptance of GM food in less 

developed countries, positing that the benefits of increased food availability that stems from 

biotechnological advances may outweigh any perceived potential long-run consequences.  

Russia presents an interesting case because of its geographic size and location, its unique 

culture and political structure, and its intermediate level of economic development. Limited 

research has been conducted to investigate Russian consumer response to new food technology, 

and to our knowledge, there are no studies on the Russian consumer response to first-generation 

GM foods. Bruschi et al. (2015b) examine consumer acceptance and WTP for novel functional 

food bakery products among young, urban Russians, but their study focuses on an old wheat 

variety that is naturally rich in antioxidants. They find that with an information provision, their 

participants value the health-enhancing product over the base product and that the information 

type had a significant effect. For example, participants who were provided information that the 

purple wheat bakery products were made with an old variety of wheat are willing to pay more 

than those who were provided information about the specific antioxidants comprising the 

product. Also regarding functional foods, Dolgopolova et al. (2015) discuss the prevalence of 

food neophobia in Russia. They conclude that, in practice, novel foods are not purchased in 

Russia if traditional alternatives are available.  

In nearby Uzbekistan, a former Soviet republic, Zaikin and McCluskey (2013) investigate the 

consumer response toward a new functional food product – apples enriched with an antioxidant 

coating. They find that the mean respondent was willing to purchase functional apples only at a 

discount, even when provided with positive health information. In contrast to the coated apples 
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in Zaikin and McCluskey (2013), Bruschi et al.’s (2015b) product had a naturally occurring 

functional attribute, which may have made consumers more accepting of it. Comparing Zaikin 

and McCluskey’s (2013) results with a U.S. study of the same product (Markosyan et al., 2009), 

the Uzbek respondents were willing to pay less for apples with coatings that contain antioxidants 

(a mean discount of 6%) compared to the U.S. sample (a mean premium of 8%). In contrast to 

our research on first-generation GM products treated as a pure process attribute, the studies 

above explore consumer demand for second-generation GM products with decidedly positive 

nutritional attributes. And our results are correspondingly less optimistic about consumer 

acceptance of GM products.  

On the more general topic of Russian food preferences, Honkanen and Frewer (2009) and 

Honkanen (2010) use survey data to examine Russian consumers’ food-choice motives, 

consumption frequencies, health perceptions, and attitudes. Both studies suggest that sensory 

motives are the most important factors in food choice, followed by availability, naturalness, 

prices, consumers’ moods, and state of health. The importance of “naturalness” suggests that 

Russians are unlikely to embrace GM foods. Russian consumers often cite food quality and 

health as a major factor influencing their food choices (Bruschi et al., 2015a). Popova et al. 

(2010) found that Russian consumers have doubts as to whether authorities can protect 

consumers from food risks. Using survey data, Bruschi et al. (2015a) study Russian consumer 

preferences for organic foods. Their results indicate that Russian consumers who purchase 

organic foods are mainly motivated by personal wellbeing and less by social or environmental 

concerns. Staudigel and Schröck (2015) estimate Russian food demand elasticities over time and 

across consumer segments, but their analysis is highly aggregated and does not extend to GM or 

organic food products.  
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 To our knowledge, no other studies have evaluated consumer preferences for a GM food 

category in Russia. We contribute to the literature by studying consumer attitudes and WTP for a 

bread utilizing GM technology in Russia. The findings of this study provide insight into Russian 

consumer preferences for GM foods and may be useful in understanding how Russian consumers 

will response to other new food technologies.  

 

3. Methods 

 

3.1 The contingent valuation approach 

 

We utilize the contingent valuation (CV) method to estimate consumers’ WTP for bread2 

containing GMOs and examine which consumer characteristics affect choices. Following 

Hanemann (1984), our model uses a random utility framework to elicit information about 

consumers’ mean WTP from close-ended, dichotomous-choice survey responses. Specifically, 

consumers were asked whether they would be willing to purchase bread containing GMOs at the 

same price as their usual non-GM bread. For those who answered in the affirmative, the line of 

questioning was terminated. For those who answered “no,” we asked a follow-up question 

whether they would be willing to purchase bread containing GMOs at a discounted price. The 

discount was randomly selected, prior to the experiment, among the following levels: 5%, 10%, 

25%, 40%, and 50%. Each level of discount was used for one fifth of the surveys, not conditional 

on the first-stage response. The assignment of survey version (and thus, the discount) was 

                                                            
2Bruschi et al. (2015b) find that Russian consumers’ knowledge of the base product is highly important. This 
supports using bread, a long-standing staple for Russian consumers, as our product of choice. 
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random to the respondent. (See the appendix for an English translation of the contingent 

valuation questions.)  

Our approach is identical to that in Grimsrud et al. (2004) and McCluskey et al. (2003), 

which the latter refers to as a “semi-double-bounded model.” This is similar to the double-

bounded dichotomous-choice contingent valuation survey technique described by Hanemann et 

al. (1991), but rather than extend the question conditionally based on either answer, we only 

asked a follow-up question to consumers whose WTP threshold was not met (i.e., the price was 

not low enough to induce the consumer to buy the GM bread). For the estimation of our model, 

we use an approach similar to the one-and-one-half-bound (OOHB) approach for our 

dichotomous-choice CVM as proposed by Cooper et al. (2002).3 Kanninen (1995) shows that the 

double-bounded model is more efficient than the single-bounded model,4 and the theoretical 

results in Cooper et al. (2002) indicate the OOHB model falls between the single- and double-

bounded models in efficiency terms.  

The rationale for excluding a follow-up to the affirmative response is that the GMOs used to 

make the bread have a process attribute, which reduces production costs—as opposed to a 

product-enhancing attribute. Proponents of this biotechnology claim that the GM products with 

process attributes are identical to non-GM products. Those opposed to genetic modification view 

it as a negative attribute. Therefore, it would not make economic sense after an initial “yes” 

response to follow up with a question that involves paying a premium for these GM products that 

only have cost-reducing attributes. We did not discuss potential cost reductions that could be 

passed on to consumers with the respondents.  

                                                            
3 Lusk et al. (2005) also refer to the survey technique used in our paper as a semi-double-bounded approach. To 
avoid further confusion, we draw a distinction between the survey technique and the estimation approach. Following 
Cooper et al. (2002), we will refer to the estimation approach as OOHB for the remainder of this paper. 
4 A single-bounded model uses a bid question without follow-up; a double-bounded model uses a first-stage-
conditional follow-up question in a second stage for all respondents. 
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By not explicitly stating a value of the initial bid – replacing this with “the same price as the 

bread you usually buy” – we avoid the starting point bias inherent in contingent valuation 

surveys (Veronesi et al., 2011). Instead of assigning specific values that can vary depending on 

respondents’ heterogeneous WTP for non-GM bread, we consider relative WTP for GM bread as 

a percentage of the price each respondent pays for non-GM bread. In other words, since our 

questionnaire disregards specific prices paid to avoid any sort of innate anchoring, our second-

round bids can be defined only as discounts from a normalized price of consumers’ normal non-

GM bread. Individual ’s response probabilities , , and  (for responses of “yes,” “no-

yes,” and “no-no,” respectively) are as follows under the OOHB approach: 

 

Pr 1 ;               (1) 

, Pr ; ; ,            (2) 

, Pr ∩ ; ,             (3) 

 

where 1 indicates the initial bid, 0.5, 0.6, 0.75, 0.85, 0.95  indicates the second bid 

(conditional on a negative response to the first bid), and  indicates maximum WTP. The 

corresponding log-likelihood function, therefore, is 

 

ln ∑ ln ln , ln , ,         (4) 

 

where  is a dummy variable taking value 1 when the initial response is “yes,” and 0 otherwise; 

 is a dummy variable taking value 1 when responses are “no-yes,” and 0 otherwise; and  

is a dummy variable taking value 1 when responses are “no-no,” and 0 otherwise.  



10 
 

Our model assumes a logistic cumulative distribution function (CDF) for ⋅ : 

 

1 .               (5) 

 

By assuming that functional form for the CDF and a linear relationship between WTP and its 

explanatory variables, we obtain  

 

ln ∑ ln ln ln . (6) 

 

Since , , we can use maximum likelihood estimation to determine the optimal 

parameters that solve 0. We obtain 

 

∑ 0										(7) 

∑ 0.   (8) 

 

These equations implicitly define the optimal parameters,  and , as functions of the 

bids. In the model without additional explanatory variables, mean and median relative WTP 

coincide at / . 
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Traditionally OOHB is used to form more consistent and efficient estimates than a double-

bounded approach in which follow-up questions are only asked at random (i.e., when some 

respondents receive a follow-up question and others do not). In our case, we have a similar 

structure to OOHB, treating the random assignment of follow-up questions as if they directly 

coincide with those initially choosing not to purchase. This could potentially introduce a slight 

but unavoidable downward bias in our relative WTP estimates. 

When we extend our baseline model to include additional exogenous explanatory variables, 

, we use a standard logistic CDF with mean zero and standard deviation /√3: 

 

; 1 	.               (9) 

 

We can use these variables to make distinctions between the mean and median WTP values: 

 

1/ 	              (10) 

 

We can further use the explanatory variables to estimate individual respondents’ relative WTP 

for the GM product. In order to gain insight into Russian consumer demand for GM food and to 

investigate the mechanisms driving WTP, we need these additional data.  

In our survey we obtained both objective and subjective response variables, and to properly 

account for the latter we employ principal component analysis (PCA). To provide the most clear 

and complete explanation of our PCA, it is informative first to examine our data. 
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3.2 Data and descriptive statistics 

 

We conducted in-person interviews of 300 respondents at several centrally-located grocery 

stores in Perm, Russia, which is a city of around one million residents located in the European 

part of Russia.  It is about 1156 km (718 miles) east of Moscow. The rural population in our 

sample is 7.3%, which is significantly lower than the estimated rural population of 24.6% in 

Perm in 2014, but this is at least partially explained by the spatial limitations of our survey – as 

mentioned above, the grocery stores we selected for maximal survey participation were located 

near the city center. By using multiple locations and different store chains, we hoped to increase 

the diversity of the sample, both in terms of income and demography. Respondents were 

informed that their data would be treated anonymously and care was taken to ensure that 

multiple members of single households were not surveyed. The average age of respondents 

participating in the survey was approximately 35.8, which is only slightly younger than the 

average age of 38.7 in Perm in 2015. Average monthly income per capita in Perm was 32,053 

Rubles in 2015, which lies in our mode range of household income (between 30,000 and 50,000 

Rubles). 

Given the potential overstatement of WTP inherent in SP surveys, bids among respondents in 

our study seem particularly low. Russian consumers’ perceptions of GM foods are 

overwhelmingly negative with 79.67% of respondents stating that they are unwilling to purchase 

GM bread even up to a discount of up to 50%. Approximately 12% of respondents stated they 

would purchase GM bread for the same price as non-GM bread, and of the total sample, 8.33% 

were willing to purchase the GM bread if discounted relative to non-GM bread.  
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Examining the subjective questions in our survey, we find that the median respondent is 

relatively indifferent between saving the environment and saving jobs (though the frequency of 

individuals preferring to save the environment is higher). She prefers domestic products and is 

much more concerned with the safety of food than its price – a result that independently 

corroborates the findings of Bruschi et al. (2015a). The median respondent’s perception of GMO 

consumption risk tends toward the more wary end of the spectrum, and she believes labels are 

very important for GM foods. 

Cameron (1988) points out that traditional theoretical interpretations of dichotomous-choice 

survey responses, such as that of Hanemann (1984), and the resulting econometric 

methodologies for eliciting WTP do not appropriately account for the ranges indicated by a given 

response. Choices are discrete, but the space delineated by either response is continuous and 

potentially infinite. To ensure that our subsequent estimation follows from our true observations, 

we first investigate the ranges of bid responses in the data, which are depicted in Table 3. 

Performing interval tests to derive an empirical distribution function (Turnbull, 1976; Fay, 

1996), we obtain estimated purchase probabilities by discount ranges, which we present in 

Figure 1. Note that we only include those observations for which we have actual bids. As 

expected, fewer consumers said “yes” as the bid increased. Interestingly, at the maximum 

discount offered (50%), the likelihood of consumers purchasing the GM bread is less than 30%. 

This indicates mean relative WTP is lower than our defined bid ranges and may in fact be 

negative (as our estimation results predict). 
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3.3 Principal component analysis 

 

Given the questions asked in the survey, it is likely that responses across several questions 

may bear some correlation, especially those questions utilizing a Likert-type scale: comparing 

food safety to cost concerns, saving jobs versus saving the environment, and general feelings 

about the use of biotechnology in food production. This multicollinearity could skew our 

analysis; either ignoring the significance of one variable in favor of a highly correlated 

alternative or decreasing the significance of both simultaneously. Using PCA, we can reduce the 

dimensionality of our data and explore how certain types of consumers react without losing the 

information collected. This process essentially allows us to transform some of our explanatory 

Fig. 1. Empirical distribution of WTP derived by interval analysis. 
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variables into their principal components, identifying certain respondent profiles based on the 

data.  

We can have as many principal components as we have explanatory variables used to 

construct them, but we restrict our analysis to those with the highest variance, as indicated by the 

highest eigenvalues in our covariance matrix of demeaned variables. Using our highest-variance, 

weighted linear combinations, we construct new variables indicating the relative influence of 

certain subjective values held by consumers. We define our principle components by the relative 

influence (size and direction) of each true variable on the component’s construction. The 

principal components we retained for our analysis are presented in Table 5, where a “+” or “-” 

indicates a value above or below the sample mean, respectively. 

The first principal component emphasizes a respondent’s money-mindedness; i.e., how 

response to the food-safety-versus-low-price question will influence relative WTP. This principal 

component will be of a greater magnitude if a consumer is more interested in purchasing cheaper 

food than avoiding food-safety concerns. Additionally, this component deemphasizes the 

influence of respondents’ environmental concerns in favor of jobs, and the preference for 

domestic production is muted. Correspondingly, we will refer to this as the money-driven 

principal component. Stronger negative perceptions of biotechnology will produce lower values 

of this component. Other subjective responses that increase the money-driven principal 

component including knowing less about GMOs, perceiving lower risk, and being less interested 

in GMO labeling. 

Compared with the first, the second and third principal components more strongly emphasize 

respondents’ aversion to biotechnology. While both move positively with more negative biotech 

perceptions, the third principal component does so to a much larger degree. Like the money-
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driven component, these two deemphasize environmental concerns in favor of jobs, but unlike 

the first component these two move positively with domestic preference and inversely with 

perceived GMO consumption risk. The second and third components diverge from each other on 

food safety versus cheapness (the second emphasizes food safety while the third emphasizes 

cheapness) and knowledge and labeling (the second emphasizes knowing less and putting less 

importance on labeling while the third puts heavier weights on knowing more and preferring 

labels). Bearing in mind the component weights, we refer to the second and third principal 

components as the biotech-driven, low-information and biotech-driven, high-information 

principal components, respectively. 

 

4.  Estimation Results 

 

4.1 Analysis of factors that affect the choice of whether to purchase GM bread 

 

In Table 4, we present estimation results using equations (4) and (9) for bids, general 

demographics, and respondents’ preference for domestic foods to estimate willingness to pay for 

GM bread. With the exception of domestic food preference, the variables are non-subjective. We 

observe low correlation between variables in this specification.  As expected, the bid coefficient 

is significant to at least the 90% level, a result that holds across specifications including 

additional socio-demographic variables tested but not presented in Table 4.  This means that as 

the price of GM bread relative to non-GM bread increases, respondents are less likely to say they 

would purchase GM bread at the offered price.  
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Respondents’ preference for domestic foods – a position held by 84.33% of respondents – 

exhibits a significant inverse relationship with relative WTP for GM bread. This high incidence 

of domestic preference is intuitive given Russian distrust of actors in the food chain, as described 

in Popova et al. (2010). A strictly domestic market should be expected to entail a shorter food 

supply chain and provide fewer opportunities for contamination. Additionally, Russia’s position 

against the importation of GM foods dictates that domestic consumption is restricted to non-GM 

foods, so domestic preference coincides with a preference for non-GM foods. We cannot, 

however, disentangle any sort of causal order between consumer preference and government 

mandate from our research. 

Gender accounts for a large and statistically significant amount of the variation in WTP, and 

its magnitude does not waiver considerably across alternate specifications. The coefficient 

estimate on age is negative but not statistically significant.  Controlling for education level and 

whether children are present in the household does not significantly affect our results. 

Coefficient estimates for categorical levels of education and the presence of children in the 

household are all negative, but none is statistically significant. 

 

4.2 Estimates of the mean relative discounts for GM food 

 

In addition to coefficient estimates, Table 4 presents the mean estimated relative WTP for 

GM bread.  As predicted by the responses limited by bid ranges in the questionnaire, our 

estimates show that few respondents were willing to pay any amount of money for the GM 

bread. Excluding explanatory variables from the model and focusing only on bids (and a 

constant), we estimate a mean relative WTP of / 	 1.034, which indicates that the 
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mean survey respondent must receive slightly more than the value of the non-GM alternative to 

be willing to assume the risk of consuming GM bread (i.e., a discount of 203.4%). To examine 

the validity of our estimates, we treated the initial bids as a single-bounded dichotomous choice 

and estimated mean WTP in the first stage as -0.809 based only on bids and a constant.  

We should note that our estimator is biased since it is derived as a ratio of parameter 

estimates obtained through maximum likelihood estimation, but it is consistent by the law of 

large numbers (assuming that the asymptotic properties of our estimator are satisfied given our 

sample of 300 observations). The estimates themselves are reasonable given the distribution of 

bids and responses. Note that if we restrict the bids to be non-negative, our model estimates a 

mean relative WTP that is not significantly different from zero.   

While we should not rely on the specific magnitudes of negative WTP estimates, we can 

interpret them as an indication that the mean Russian consumer has an intense aversion to 

purchasing first-generation GM food products. It is more appropriate to emphasize the estimated 

probabilities of purchase given varying discounts, presented above in Figure 1. We observe that 

12% of consumers were willing to purchase GM bread at the same price as conventional bread, 

but with a 50% discount the estimated probability of purchase only increases to 26.67%. In 

comparison to Grimsrud et al.’s (2004) study of Norwegian consumers’ preferences for bread 

made with GM wheat, their Norwegian respondents were similarly resistant to GM bread, though 

not to as strong a degree as Russian respondents in the current study.   

Though we analyzed specifications with subjective variables independently, we find weak 

relationships between most of these categorical variables and likelihood of purchase when 

treating them as continuous variables or dummies. Additionally we often found that the inclusion 

of one variable might have a strong and significant effect, but adding another would reduce the 
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effect of both due to some degree of endogeneity between variables. Rather than present those 

and other consumer-perception variables independently, we construct principal components for a 

more inclusive analysis. Using this method, we are able to consider how different subjective-

response profiles (or rather more pedantically, how emphasizing different linear combination 

weights of the subjective variables) are likely to influence our relative WTP estimates without 

sacrificing the broad scope of our data.  

 

4.3. Results of the principal component analysis 

 

Revisiting our OOHB model and incorporating our three principal components each in turn 

as explanatory variables and then all together, we report our results5 in Table 6. We find that the 

money-driven and biotech-driven, high-information principal components are statistically 

significant in determining respondents’ relative WTP for GM bread. The bid coefficient is 

statistically significant when we control for either biotech-driven component, but not when we 

control for money-driven component or when we run the model for all three principal 

components simultaneously. This is intuitive, since the bid coefficient is a monetary choice. 

Including a variable that emphasizes the influence of money on respondents’ relative WTP 

calculus, we may reduce the influence of the bid itself in determining WTP. Gender remains 

statistically significant across all specifications, still indicating a lower relative WTP for GM 

bread among female respondents. 

The low pseudo-R2 for each model does not indicate that these principal component models 

are less preferred to the model specifications above without principal components. The 

McFadden pseudo-R2 compares the value of the maximized log-likelihood function for each 
                                                            
5 One observation with missing data was omitted in the principal components analysis. 
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model specification with the explanatory variables to the same model with only the intercept and 

bid coefficient. We interpret a low pseudo-R2 to mean only that the maximized log-likelihood 

function’s value is similar with or without the explanatory variables. Adding more variables will 

tend to increase this statistic. To further support the strength of our results, we present the ICCC 

and FCCC measures for goodness of fit for the initial and second-round probabilities of correct 

predictions, respectively (Kanninen and Khawaja, 1995). Higher values indicate stronger 

predictive power of the estimated model. Comparing these measures, the predictive power of the 

model is not significantly different when we use the principal components or the explanatory 

variables in the initial model specifications.  

Our PCA provides some insight into how consumers’ broad perceptions of biotechnology, 

including its far-reaching economic implications, influence their decisions about GM food. The 

principle component emphasizing consumers’ economic incentives tends to increase consumers’ 

WTP to pay for GM bread relative to non-GM bread. This suggests that if more consumers 

valued cheaper goods over food safety – contrary to what we observe in this data set – the mean 

relative WTP for GM bread may be higher. Alternatively, when biotech aversion and prevalence 

of GM information are more heavily emphasized, we estimate the opposite effect on relative 

WTP for GM food. In terms of policy, Russia’s present stance against GM goods may be 

bolstered by keeping any debate in terms of potential health effects and steering clear of any 

economic impact analysis. This should not be difficult given Russian consumers’ observed 

tendency to put more weight on nutritional and social concerns (food safety and the 

environment) than on economic ones (price and job safety), not mention their a priori distrust of 

GMOs.  
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5. Conclusions 

 

A more nuanced examination of Russian consumers’ attitudes and perceptions toward GM 

foods is essential in understanding whether any potential market could exist under a less 

stringent government policy. Even with a discount between 5% and 50%, only around 20% of 

respondents in our survey are willing to purchase bread containing GMOs rather than bread 

made using conventional inputs. 

If consumers feel they are independently more reliable than food chain actors in promoting 

food safety as Popova et al. (2010) suggest, then it makes sense that they would strongly oppose 

a potential risk such as GMOs where direct regulation could be insufficient to avoid health 

hazards. We find that perceptions of GMOs in Russia are negative, and health concerns play a 

significant role in our sample’s WTP for GM bread. Our findings are consistent with those of 

Bruschi et al. (2015a), who find that Russian consumers’ food purchases are often motivated by 

health concerns and specifically the “naturalness” of foods. Our results indicate that placing a 

larger emphasis on information variables (i.e., higher GM knowledge and a stronger position 

regarding the importance of GM labeling) leads to a lower relative WTP for GM food. In 

contrast, when we emphasize economic concerns (high concern over job safety and the price of 

food products) we find that consumers are more likely to purchase the GM alternative.  

The true long-run effects of GM food production and consumption remain unknown despite 

the broad consensus across scientific research indicating GM products are not significantly more 

hazardous than the conventional alternative (Nicolia et al., 2014; Tagliabue, 2016). Current 

legislation in Russia opposing the production and import of GM foods undoubtedly influences 

individuals’ perceptions about the safety of these goods. If the Russian government reduced its 
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restrictions on GM food imports, we should not expect a large change since the majority of 

consumers prefer domestic products. However, if those reduced restrictions extended to domestic 

production and the cost savings were passed on to the consumer, it may be possible to design a 

profitable GM-food market strategy targeting money-conscious consumers, even as consumers 

continue to perceive GMOs as an undesirable alternative.   
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Table 1 
Description and descriptive statistics for respondents’ demographic variables 
Variable Description Descriptive Statistics 

Age As of 2015 Mean:  
Std. dev.:  

35.76 
14.92 

Gender 1 if female
0 if male  

  65.7% 
34.3% 

 
Primary household 
shopper 

1 if primary shopper
0 otherwise 							 

  68.3% 
31.7% 

Highest education 
completed 

Secondary education   4.7% 
Tertiary education  19.0% 
Some college  20.3% 
Bachelor’s degree  17.0% 
Master’s degree  38.3% 
Ph.D. or higher   0.7% 

Children in household 1 if children under 18 in household
0 otherwise 																					 

  40.3% 
59.7% 

Household size Total members of household Mean:  
Std. dev.: 

2.87 
1.23 

Living environment Urban dweller  62.0% 
Sub-urban dweller  30.7% 
Rural dweller   7.3% 

Employment Student  11.0% 
 Wageworker  60.0% 
 Individual entrepreneur  14.3% 
 Retired   6.7% 
 Other   8.0% 

Monthly household 
income*,† 
 

<20,000 RUB   7.6% 
20,000-30,000 RUB  20.3% 
30,000-50,000 RUB  33.1% 
50,000-75,000 RUB  21.4% 
75,000-90,000 RUB   9.0% 
>90,000 RUB   8.6% 

*Currency conversion as of December 31, 2015 was 73.41 Russian rubles per 1 US dollar. 
†Ten respondents left the income question unanswered; income percentage calculations were 
based on 290 responses. 
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Table 2 
Descriptions and frequencies for respondents’ qualitative and subjective variables 
Variable Description Scaled Values Response Frequency 

Jobs vs. 
environment* 

Quantifies respondents’ 
choice between saving jobs 
and saving the environment 

1 = saving jobs 
  ⁞ 
7 = environment 
(median: 4.00) 

 

Food safety 
vs. price 

Quantifies respondents’ 
choice between food safety 
and product price 

1 = food safety 
  ⁞ 
7 = lower price 
(median: 2.00) 

GMO risk 
Quantifies respondents’ 
perception of risk 
associated with GMOs 

1 = high risk 
2 = some risk 
3 = no risk  
4 = uncertain 

 

Biotech 
perception 

Quantifies respondents’ 
stated feeling about 
biotechnology use in food 
production 

1 = very positive 
  ⁞ 
5 = very negative 
6 = uncertain 

 

GMO 
knowledge 

Quantifies respondents’ 
self-reported knowledge 
about GMOs 

1 = very 
knowledgeable 
2 = some 
3 = know little 
(median: 2.00) 

 

GM labeling 
Quantifies respondents’ 
views about the importance 
of labels on GM foods 

1 = very important 
2 = somewhat 
important 
3 = not important 
(median: 1.00) 

 
Preference for 
domestic 

Binary preference for 
domestic or imported food 

1 if prefers domestic
0 otherwise 													 

 84.33% 

*One respondent left this unanswered; statistics reflect 299 remaining respondents
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Table 3 
Empirical distribution of WTP derived using interval analysis 

  
WTP Interval Probability 

∞	, 0.5  0.73333 
0.5	, 0.6  0.04704 
0.6	, 0.75	  0.01501 
0.75	, 0.85	  0.03385 
0.85	, 0.95  0.01756 
0.95	, 1  0.03321 
1	,∞  0.12000 
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Table 4 
Parameter estimates for WTP model 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 

Parameters Coeff. Est. St. Err. z-score p-value Marg. Eff. St. Err. 
Constant 1.502 (2.011) 0.747 0.455   

Bid 2.580* (1.425) 1.810 0.070   

Prefer domestic -1.134*** (0.408) -2.779 0.005 -0.439*** (0.160) 

Age -0.020 (0.017) -1.185 0.236 -0.008 (0.116) 

Gender -0.784** (0.367) -2.135 0.033 -0.304** (0.144) 

Children under 18 -0.341 (0.372) -0.917 0.359 -0.132** (0.065) 

Highest education categ.†      
Observations 300        
Pseudo-   0.645      
ICCC 0.763      
FCCC 0.939      
Mean WTP   -1.206      
“*” indicates 90%, “**” indicates 95%, and “***” indicates 99% significance level   
†Ordered variable treated as categorical dummies; individual results not reported  
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Table 5 
Description of three principal components included in the analysis 

Principal 
Component 

Feeling 
about GM 

Jobs vs. 
environment 

Food safety 
vs. price 

Prefer 
domestic 

GMO 
knowledge 

GMO 
consumption 

risk 
GMO label 
importance 

 

Description 

PC 1 - - + - + + + 
Money-
driven 

PC 2 + - - + + - + 
Biotech-

driven, low 
information 

PC 3 + - + + - - - 

Biotech-
driven, 

high 
information 
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Table 6 
Estimation results of OOHB method using the logistic CDF and the three principal components 
 PC1 Model  PC2 Model  PC3 Model  All PC Model 

Variable 
Coeff. 

Est. St. Err. 
 Coeff. 

Est. St. Err. 
 Coeff. 

Est. St. Err. 
 Coeff. 

Est. St. Err. 
Marg. 
Effects St. Err. 

Constant -1.245  (1.217) -2.036 (1.582) -1.866 (1.500) -1.375 (1.323)   
Bid 1.870 (1.241) 3.072* (1.605) 2.779** (1.489) 1.984 (1.328)   
Money-driven PC 0.240** (0.102)     0.258** (0.104) 0.130 (0.235) 

Biotech-driven, low-info PC   0.097  (0.126)   0.072 (0.124) 0.036 (0.053) 

Biotech-driven, high-info PC     -0.274**  (0.128) -0.292** (0.129) -0.147 (0.198) 
Age -0.022 (0.015) -0.025 (0.015) -0.023 (0.016) -0.022 (0.015) -0.011 (0.169) 
Gender -0.707** (0.345) -0.811** (0.351) -0.848** (0.357) -0.786** (0.360) -0.396** (0.188) 
Pseudo-R2 0.092 0.119 0.112 0.068 
ICCC 0.809 0.732 0.776 0.779 
FCCC 0.947 0.962 0.955 0.924 
Mean WTP -1.328 -1.128 -1.174 -1.357 
*indicates 90%, ** indicates 95%, and *** indicates 99% significance level; n=299 
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Appendix: English Translation of Survey Questions 
 
PART I. CONSUMER INFORMATION AND PERCEPTION VARIABLES  
1. How knowledgeable are you about biotechnology and genetically modified food? 

a. Very knowledgeable 
b. Somewhat knowledgeable  
c. Not informed 

2. How do you feel overall about the use of biotechnology in foods? 
a. Very positive  
b. Somewhat positive 
c. Neutral  
d. Somewhat negative 
e. Very negative  
f. Don’t know 

3. Where would you place yourself on a scale from 1 to 7, if food safety is the most important for you is a 1 and, 
saving money, purchasing cheaper food products is a 7? [CIRCLE JUST ONE] 

1 2 3 4 5 6 7 
4. Where would you place yourself on a scale from 1 to 7, if savings jobs at all costs is a 1 and, saving the 
environment at all costs is a 7? [CIRCLE JUST ONE] 

1 2 3 4 5 6 7 
5. How important is labeling of genetically modified food? 

a. Very important 
b. Somewhat important 
c. Not very important  

6. In your opinion, what risk entails the consumption of products containing GMOs?  
a. High level risk 
b. Low level risk 
c. No risk 
d. Don’t know 

7. Would you rather prefer foods produced in our country? 
a. Yes  
b. No 

 
PART II. QUESTIONS RELATED TO WILLINGNESS TO PAY/ACCEPT: 
Would you be willing to purchase bread containing GMOs at the same price as the usual bread? 

a. Yes 
b. No  

Would you be willing to purchase bread containing GMOs at the price with [insert random discount %] discount 
rather than the usual bread? 

a. Yes 
b. No 

 
PART III. SOCIAL AND DEMOGRAPHIC INFORMATION 
Gender of respondent: 

a. Female 
b. Male 

What year you were born:__________________________ 
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Who is the primary shopper in your household? 
a. I do shopping mostly for my household 
b. Other family members do mostly shopping  

How many members do you have in your household? ___________ 
Do any children under 18 live in your household? 

a. Yes 
b. No  

What kind of living environment are you in? 
a. In down 
b. In suburb  
c. Rural  

What is the highest level of education did you complete? 
a. Secondary education  
b. Secondary special or technical  
c. undergraduate student 
d. Bachelor’s degree 
e. Master’s degree 
f. PhD or higher  

In which monthly income bracket would you household fall into in the year 2015? 
a. Less than 30,000 Russian rubles  
b. From 30,000 to 50,000 rubles 
c. From 50,000 to 75,000 rubles 
d. From 75,000 to 90,000 rubles 
e. More than 90,000 rubles  

Which one of the following categories best describes your employment status: 
a. Student  
b. Hired employee 
c. Individual entrepreneur 
d. Retired  
e. Other 

THANK YOU VERY MUCH FOR YOUR PARTICIPATION 
 


