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Abstract 

 
Chocolate has been experiencing a significant increase in demand during the last 
two decades. However, the current powerful boost in demand and the expectations 
of an even higher one might not be accompanied by an equal increase in supply. 
Cacao, the main component of chocolate and the one that gives its texture and 
flavor, faces various threats, from climate change and fungal diseases to political 
instability in production regions worldwide. One potential solution to the shortage 
of chocolate is expanding or promoting certain hybrids that have shown good yield 
and disease resistance. One of the most promising solutions to the cacao shortage 
might be the CCN-51 cacao hybrid. We used an auction experiment to study the 
hedonic properties and the factors affecting the WTP for Ecuadorian chocolate 
produced with different cacao, including the CCN-51 cacao hybrid. We find that 
smell ratings favored the highest quality cacao compared to the CCN-51 hybrid; 
however, there were no differences in taste ratings. We also find no difference in 
mean WTP between the national variety and the CCN-51 cacao hybrid, even when 
information on the quality and nutritional value of the cacao was provided. Results 
suggest the expansion in the use of CCN-51 cacao in chocolate production is a 
plausible alternative to deal with the potential shortage of chocolate.  
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Introduction 

Chocolate has been experiencing a significant increase in demand during the last 

two decades. Chocolate confectionary retail consumption grew by 28% between 

2000-2013 (Poelmans and Swinnen, 2016). The industry's growth has been driven 

by two factors. First, the emergent popularity of chocolate in countries with big 

markets and increasing income per capita, such as India, China, and Russia. 

Second, the recent evidence regarding the health benefits of certain types of 

chocolate (Moramarco and Nemi, 2016)1. However, the future sustainability of the 

industry is in jeopardy. The current powerful boost in demand and the expectations 

of an even higher one might not be accompanied by an equal increase in supply 

(Gilbert, 2016, p. 321).  

Cacao, the main component of chocolate and the one that gives its texture and 

flavor, is facing various threats. First, climate change has led to radical decreases in 

land suitable for cacao crops. For instance, in Indonesia, the third highest world 

producer, the annual rains are becoming more intense over shorter periods, 

knocking the flowers off the cacao trees and avoiding pod formation (Schmitz and 

Shapiro, 2012, pp. 61). In Ivory Coast and Ghana (the first and second-world 

producers), some current cocoa areas will become unsuitable for production due to 

dry weather (Läderach et al., 2013). Indeed, some areas previously used for cocoa 

are now used for other crops (e.g., rubber). 

Second, two fungal diseases have affected Latin American production: witches' 
 

1 For instance, dark chocolate is rich in antioxidants, which are alleged to prevent cardiac diseases. 
These perceived health benefits have been driving demand’s growth for products with larger cocoa 
concentration.  
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broom and frosty pod rot2. The latter is the most recent and dangerous because it is 

currently in an active diffusion phase, probably due to increased human-mediated 

spread (Phillips-Mora and Wilkinson, 2007). Meanwhile, the former, although not 

too recent, have played an essential role in the fall of production in countries such 

as Ecuador and Brazil.  

 Finally, in Ivory Coast and Ghana, where 60% of the world's cocoa production is 

concentrated (The International Cocoa Organization, 2017), poverty and political 

instability are pushing the farmers out of the cocoa business. Poverty means that 

farmers cannot afford fertilizers, pesticides, and fungicides that boost tree 

productivity, and even in some cases when they can afford it, they do not have the 

training to use it effectively, so they opt to harvest a more profitable crop, such as 

rubber.  

The objective of this document is to study the hedonic properties and the factors 

affecting the WTP for Ecuadorian chocolate produced with different varieties of 

cocoa. Our contribution to the literature is twofold: first and foremost, we provide 

estimates of the WTP for chocolate made from CCN-51 that can inform farmers and 

manufacturers about how the consumer value and perceive this variety. Second, we 

want to explore the potential of chocolate made from CCN-51 as a good substitutive 

for high-quality chocolate, which in turn might help to orientate the policy efforts 

intended by manufacturers, universities, and government agencies, as well as 

provide empirical evidence to consider whether the CCN-51 cacao hybrid is a 
 

2 Brazil has known by first-hand the effect of one these fungal diseases in the production. During the 
90s the  witches’ broom reduced the production by an estimated of 75 percent 
(http://www.npr.org/templates/story/story.php?storyId=91479835) 



4 
 

plausible solution to deal with the potential shortage of chocolate predicted by some 

manufacturers and analysts.  

The possibility of suffering a chocolate shortage has brought together the 

different stakeholders of cacao production, such as farmers, corporations, 

universities, and government agencies (for instance, USDA), to design and 

implement various methods to boost production. Selective breeding and farmer 

education efforts are among the alternatives. Selective breeding is used to find 

where in the world the cacao crops are disease resistant, more productive, and 

adaptable to different climate conditions. The education efforts pretend to teach 

farmers about novel planting, irrigation, and pest-management techniques. Despite 

these efforts, some analytic firms, manufacturers, and the International Cocoa 

Organization fear that the cacao supply will soon be insufficient to guarantee an 

equilibrium in the Chocolate market3.   

Another potential option for the shortage of chocolate is to promote the 

production of certain hybrids that have shown good yield and disease resistance. In 

this regard, one of the most promising solutions for the cacao shortage might be the 

CCN-51 cacao hybrid4. The CCN-51 variety was developed in Ecuador by Homero 

Castro in the 1970s and is now recognized worldwide as one of the most productive 

 
3 http://www.smithsonianmag.com/science-nature/how-save-chocolate-tree-without-sacrificing-flavor-
180954148/ 
4 There are three general cocoa varieties: Criollo, Forastero, and Trinitario (https://www.barry-
callebaut.com/chocophilia/theobroma-cacao-food-gods). The Criollo three is originated from Central to 
South America, highly demanded for the finest chocolates, and represent only the 5% of the world 
production. The Forastero tree is the most commonly grown cocoa, it is mainly cultivated in Africa, 
Ecuador and Brazil, highly resistant to diseases and accounts for 80% of the world production. 
Finally, the Trinitario is a natural hybrid created from cross-pollination that combines the durability 
of the Forastero and the refined taste of the Criollo. 
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cocoa varieties (Boza et al., 2014). It produces around 1 to 3 tons per hectare, 

depending on the management practices (Amores et al., 2011). The hybrid also has 

several other benefits. First, it is resistant to the Witch's Broom disease. Second, 

CCN-51 trees start producing after two years, compared to 3-5 years for other 

varieties such as Trinitario. Third, CCN-51 trees are relatively short, averaging 5 

meters. Finally, CCN-51 contains 54% cocoa butter and a significant number of 

antioxidants, which are highly demanded features in the chocolate and 

pharmaceutical industries.  

Notwithstanding all the advantages over other cocoa varieties, using CCN-51 to 

make chocolate faces several challenges. On the one hand, some of the more 

prominent chocolate manufacturers (e.g., Hersey, Mars, and Cadbury) and experts 

have characterized its taste as acid and unsuitable for chocolate. Although new 

fermentation techniques have improved the acceptance among chocolate companies 

and chocolate tasters, many still think that the CCN-51 variety could affect the 

quality of the chocolate and consider that even the best CCN-51 is yet average in 

quality (Schatzker, 2014). Indeed, some countries regarded as producers of high-

quality cocoa (e.g., Ecuador and Colombia) do not have the incentives to promote its 

cultivation because their international reputation could be affected. Therefore, it 

will put at risk the local producers of high-quality cocoa5. Finally, since the CCN-51 

is genetically modified cocoa, its use in chocolate should deal with the current 

 
5 For instance, the Royal Tropical Institute (KIT) made a study of the fine flavor cocoa market in 
which the countries that mixed the fine flavor cocoa with certain varieties such as CCN-51 receive a 
negative assessment, thus reducing their chances of being considered high potential countries for 
fine flavor cocoa (van der Kooij, 2013).  



6 
 

political and cultural disavowal of genetically modified foods (GMF) (Greenpeace 

International, 2008; Rommens, 2010)6. 

Some obstacles to using and promoting the CCN-51 variety are based on the 

premise that if customers perceive the chocolate made with CCN-51 as low quality 

or associated with GMF, their willingness to pay for it will be lower compared with 

chocolate manufactured with higher quality cocoa. However, as far as the authors 

know, there is no literature about the acceptance and WTP for chocolate elaborated 

with CCN-51 cacao.  

The paper is organized as follows: the second section presents a literature review 

regarding the Willingness to Pay (WTP) for Chocolate, its value chain, and some 

insights into the national/hybrid cacao debate. Section 3 explains the experimental 

design. Section 4 describes the data and the empirical strategy. Section 5 depicts 

the results of the econometric estimations. Section 6 concludes and discusses policy 

implications. 

Related literature  

While literature discusses chocolate's demand boos experienced during the last 

decade in India, China, Russia, and some African countries (Poelmans and 

Swinnen, 2016; Janssen and Riera, 2016; Tamru and Swinnen, 2016), the 

challenges that the supply side of the chocolate industry is facing to keep up with 

the growth of its demand (Läderach et al., 2013; Phillips-Mora and Wilkinson, 

2007), and the characteristics of the cocoa value chain (Barrientos, 2013; Van der 

 
6 Some literature has established that consumers do not have a good understanding about the GMF 
(Anand et al., 2007; Curtis et al., 2004). 
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Kooij, 2013; Barrientos, 2016), scarce empirical attention exists on the hedonic 

valuation and WTP for chocolate elaborated with certain hybrids of cacao that have 

shown good yield and disease resistance (e.g., CCN-51), but that are considered of 

less quality by manufacturers.  

Most of the literature on WTP for chocolate is enveloped by three groups: 1) The 

literature related to value-based labeling for organic and fair-trade labels; 2) The 

one related to the impact of reducing fat labeling on consumers' expected liking and 

willingness to pay, and 3) The literature associated with the acceptance of 

genetically modified foods (GMF). In most of these documents, chocolate bars are 

used as products during the experiments, but with no specific implications for the 

chocolate industry.  

Within the first group, Tagbata and Sirieux (2008) estimate the WTP for organic 

and fair-trade chocolate bars in Montpellier (France) using the Becker-DeGroot-

Marschak's mechanism (BDM) to elicit WTP. According to these authors, 

consumers' actual WTP for organic and fair-trade chocolate is higher than for 

traditional chocolate. For many consumers, the valuation of the organic and fair-

trade labels is determined by the product's taste. Using a Discrete Choice 

Experiment and a larger sample size, Poelmans and Rousseau (2015) reach a 

similar result for Belgian consumers but with a markedly higher WTP. The 

respondents were willing to pay a premium of 10.60 euros per 250 gm of fair-trade 

chocolate compared to an identical product without a fair-trade label.  

On the other hand, regarding the impact of reduced fat labeling on consumer 



8 
 

perception, Norton et al. (2013) for the case of Birmingham (UK) and Kahkonen et 

al. (1999) using university employees and students in Finland, found that despite 

that the expected pleasantness of chocolate bars is lower for those with a low-fat 

label, the actual hedonic ratings were unaffected by the labeling. Norton et al. 

(2013) also find that liking was positively associated with participants' buying 

intentions and the price they would be willing to pay. 

The literature on WTP that could be more related to this document is the WTP 

studies for GMF. Chocolate made from CCN-51 is, by definition, a genetically 

modified food. This literature shows that WTP for non-GM foods is higher than 

WTP for GM foods. Still, the effect is conditioned on the consumers' capacity to 

identify GM labeling and the type of information they receive. Using an 

experimental auction and a random sample of the residents of Mannheim 

(Germany), Dannenberg et al. (2008) found that the mean bid difference between a 

GM chocolate bar and its non-GM version was 0.26 euros.  

Kajale and Becker (2014) study the effect of information on consumers' WTP for 

GMF using a convenience sample of university students in Delhi (India) and 

applying the Vickrey second price experimental auction method to elicit WTP. The 

authors found that consumers were willing to pay the highest amount under a 

combination of positive and negative information about GMF for a soya-chocolate 

bar. On the other hand, only positive or negative information had no positive or 

negative effect on WTP for GMF. Noussair et al. (2002), using the Vickrey second 

price experimental auction method to elicit WTP for a representative sample of 
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consumers in Grenoble (France), found that labeling chocolate bars as containing 

GMOs do not affect consumers' WTP. Nevertheless, when the label is actually 

noticed, it induces a 30% decrease in WTP.  

On the other hand, regarding the cocoa/chocolate value chain, cocoa is 

predominantly a smallholder crop, as more than 90% of world cocoa production 

originates from small farms (ICCO, 2013). However, the trading, processing, and 

manufacturing activities are dominated by a few multinationals (Fold and Neilson, 

2016). There are marked differences between the places in which the cocoa is 

produced and the actual places in which the final chocolate product is processed and 

consumed. In 2010, 61% of the cocoa beans were produced in Africa (Ghana, 

Nigeria, and the Ivory Coast), 20% in Asia (especially Indonesia), and 12% in Latin 

America (primarily concentrated in Brazil and Ecuador) (FAOSTAT, 2013).  

Meanwhile, the processing industry is located near the consumption centers: 52% 

of the cocoa beans are processed and transformed into intermediate and final 

chocolate in the developed world (Western Europe and North America). However, 

during the last 20 years, the processing industry has expanded to countries that 

have been previously related to only production tasks, such as Ivory Coast, 

Malaysia, Ghana, Brazil, and Indonesia (Kox, 2000). In 2010, these countries 

accounted for almost 35% of the processing industry7. This trend change is 

explained by the decomposition of the value added in the industry: only 3.3% of the 

consumer spending on finished chocolate products goes to cocoa farmers. Of the 

remaining 96.7%, 22% goes to chocolate processing, and 26% goes to wholesale and 
 

7 Calculations are based on Table 2.4 in Poelmans and Swinnen (2016, p. 27). 
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retail. So, some producing countries have started to make intermediate products 

and final chocolate as a form to capture a more significant share of the industry's 

total value added. 

 Chocolate consumption has also reshaped during the last 15 years. During the 

period 2000-2013, chocolate confectionery consumption in kg/capita declined or 

stagnated in wealthier countries such as EEUU, Sweden, France, and Belgium but 

has grown in emerging countries such as Brazil, Russia, India, and China 

(Poelmans and Swinnen, 2016, p. 38). 

Another critical element of the chocolate value chain is the emergence of the 

CCN-51 variety. Homero Castro created the CCN-51 cacao in Ecuador during the 

1970s, and it is now recognized worldwide as one of the most productive cocoa 

varieties (Boza et al., 2014). Its production has increased in other South American 

countries, such as Peru, Colombia, and Brazil. In some countries, the CCN-51 

production is well established: in 2012, 32% of Ecuador's cocoa exports and 36% of 

Peru's exports were represented by this variety (Van der Kooij, 2013). 

Despite scientific evidence that CCN-51 cacao is disease resistant and offers more 

yield (Boza et al., 2014; Amores et al., 2011), most supply countries (especially those 

in Latin America where weather conditions are favorable) have not made great 

efforts to increase its production. This could be explained by different reasons. On 

the one hand, some Latin American countries have been historically recognized as 

high-quality cocoa producers (e.g., Ecuador and Colombia), thus mixing the national 

variety (i.e., the highest quality one) with the CCN-51 variety might affect their 
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international reputation, and therefore, put in danger the local producers of high-

quality cocoa.  

Our contribution to the existing literature on WTP for chocolate is twofold. On 

the one hand, we provide empirical evidence regarding the hedonic valuation and 

WTP for Chocolate made with CCN-51 cacao. Our analysis might help to orientate 

the policy efforts intended by manufacturers, universities, and government agencies 

to deal with the potential shortage of chocolate predicted by some manufacturers 

and analysts. As of today, many of the policy efforts made by the major producers 

and manufacturers are related to supporting the value chain of fine-flavor cocoa, 

and this segment only represents between 5% to 7% of the global market. 

Meanwhile, the most significant part of the market (conformed by bulk and hybrid 

cocoa) is receiving less attention. One can argue that the appropriate handling of 

the supply in this segment could be the difference between a future stable market or 

a global shortage of chocolate.  

Experiment design 

We ran an experiment with students of Cornell University. The subjects were 

recruited through the Lab for Experimental Economics and Decision Research 

(LEEDR) email system. The students participating received a compensation of $10. 

The Becker-DeGroot-Marschak mechanism (BDM) (Becker et al., 1964) was used to 

elicit Willingness to Pay (WTP) for three varieties of Ecuadorian chocolate:  one 

made with high-quality cocoa beans (National Ecuadorian Chocolate), another made 

from CCN-51 cocoa beans (CCN-51), and the last one made with banana and CCN-
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51 cocoa beans (CCN-51 Banana). Henceforth these three varieties will be called 

National, CCN-51, and CCN-51 Banana. BDM is an incentive-compatible method in 

which subjects face a real purchase situation and has been extensively used to elicit 

WTP for foods (Noussair et al., 2004; Lusk and Fox, 2003; Kass and Ruprecht, 

2006). 

WTP for the chocolate varieties is collected from two sources of treatment. The 

students participating in the experiment (110 in total) were randomly assigned to 

one of the two group treatments, henceforth called without information group (NO 

INFO) and with information group (INFO). The students in the first treatment did 

not receive any information about the three varieties of chocolate, and they only 

revealed their WTP based on the smell and taste of the chocolate varieties. On the 

other hand, for the second treatment, the students were told attributes of the three 

chocolate varieties, such as the quality of the cocoa beans used in the 

manufacturing process and the amount of potassium and fat content, so they 

decided their WTP based on the hedonic properties and the information provided.  

Subjects were seated randomly at individual computer terminals with privacy 

shields, were informed that all decisions they made would be kept strictly 

confidential and were paid $10 on average to participate. 24 computers were 

available per session, and six sessions ranging from 15 to 24 subjects were 

implemented. After signing a consent form, participants were given a brief 

introduction to the experiment, which included the amount of money they would 

earn and the rules. Since previous work has shown that inexperienced subjects 
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could submit bids that would not reflect their actual valuations (Kagel, 1995), each 

session started by explaining how the auction process works, and then two practice 

rounds were implemented to teach how the WTP auctions would be organized. 

During those sessions, subjects submitted bids for a dollar bill and a chocolate bar 

and became familiar with the bidding process used in the auctions for the chocolate.  

During the chocolate auction, subjects were organized according to the previous 

randomized treatment design. For treatment group one (NO INFO), subjects were 

told to taste three different types of chocolate. Right after each tasting, the subjects 

answered two questions regarding the taste and smell of each variety and were told 

to submit a bid from $0 to $10, reflecting their maximum willingness to pay for 3.5 

ounces of the chocolate just tasted. At the end of the experiment, we randomly chose 

just one of the auctions to be binding, so at most, the subject only purchased 3.5 

ounces of chocolate. Also, we randomly drew a market price for the 3.5 ounces of 

chocolate in the selected auction. Only those who bid equal to or above the market 

price won the auction. The winners received the chocolate plus the difference (e.g., 

$10 minus the market price); the rest received $10. Finally, the subjects completed 

an exit survey regarding their demographics and chocolate consumption trends. 

On the other hand, 3 additional sessions were conducted for treatment group two 

(INFO). The only difference between the groups was that for the latter, the subjects 

were told the nutritional attributes of each chocolate variety, such as the quality of 

the cocoa beans used during the manufacturing process and the percentage of daily 

potassium and total daily fat per 3.5 ounces serving before they made their bid. 
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Table 1 shows the information provided to the subjects regarding the three varieties 

of chocolate.  

[Insert table 1 here] 

We are interested in the differences in WTP between the National, CCN-51, and 

CCN-51 Banana varieties for the two treatment groups. For instance, the variety 

CCN-51 is the one made from the CCN-51 hybrid cocoa, so its comparison against 

the National variety will tell us if the consumers penalized the former for its lower 

quality compared to the latter, which in turn might help us to determine if the 

chocolate made from CCN-51 is a good substitute for the National variety (which is 

highly appreciated in the international markets). Also, comparisons among 

treatment groups will help us determine the impact of the information provided in 

the WTP for each variety.  

Data and Empirical Model 

We collected 323 observations from 112 student subjects participating in the 

chocolate auctions. Each subject participated in auctions for 3.5 ounces of three 

chocolate varieties. 57 subjects were part of treatment group 1 (NO INFO), and 53 

were part of treatment group 2 (INFO)8. In each auction, participants submitted 

their bids, between $0.00 and $10.00 for 3.5 ounces of each chocolate variety. After 

all bids were submitted, participants completed a survey questioning demographic 

and purchasing habit information, including gender, age, education, income, 
 

8 Since the students were free to leave the room at any moment, there are some cases where the 
number of respondents were less than the grand total of 55 for the INFO group and 57 for the NO 
INFO group. 
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chocolate consumption, and whether the participant is the primary shopper in their 

family or not.  

Table 2 provides descriptive statistics illustrating the WTP for the different 

varieties of Ecuadorian Chocolate among the two treatment groups. The table also 

depicts demographic and purchase habit information about the subjects. The table 

shows that the average bid was $2.33 per 3.5 ounces. For both treatments (NO 

INFO and INFO), the highest bid was for the National Chocolate (highest quality), 

followed by the CCN-51 and the CCN-51 banana varieties (see Figure 1). However, 

in the treatment group INFO (which received information about the quality of the 

cocoa used and some nutritional facts about the chocolate), the mean bid for the 

National and the CCN-51 varieties decreased compared to the treatment group NO 

INFO (from $2.75 to $2.7 for the National and $2.65 to $2.47 for the CCN-51). 

In contrast, for the CCN-51 Banana, the mean bid increased (from $1.54 to 

$1.85). The bottom portion of Table 2 shows the responses to the demographic 

questions included in the survey. 50% of the subjects in our sample are male. The 

mean age of the participants is between 18 and 24 years. The mean income is 

between $20.000 and $29.000. The average subject rarely or sometimes checks 

nutritional facts and eats chocolate between once or twice a month to once per week. 

On average, 42% of the purchased chocolate is of the highest quality. Finally, 22% of 

the subjects are not primary shoppers at their homes. 

[Insert table 2 here] 

[Insert figure 1 here] 
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During the first stage of the auction process, the subjects were asked to rank the 

taste and the smell on a scale from 1 (worst) to 9 (best). Figure 2 shows the results 

of these two questions regarding the hedonic properties of the different varieties of 

chocolate by treatment group. The results show that the variety with the highest 

rate variety was the National Chocolate, followed by the CCN-51 and the CCN-51 

Banana. This result holds for both treatment groups and smell and taste ratings. 

On the other hand, when the mean hedonic ratings between treatment groups were 

compared, the results did not change much for the National and CCN-51 varieties. 

In contrast, for the CCN-51 Banana variety, the ratings increased in the group 

where information was provided. The increase was 0.47 units and 1.3 units for the 

smell and taste ratings, respectively. These results are in line with previous 

literature. When information about reduced fat content is provided, there is an 

increase in the acceptance of reduced-fat products (such as the CCN-51 Banana 

variety in our analysis) (Kahkonen et al., 1996). 

[Insert figure 2 here] 

Table 3 shows the results of a repeated measures ANOVA9 for the hedonic 

ratings (smell and taste) and the willingness to pay variable divided by treatment. 

Since the ANOVA analysis only determines whether the difference among groups 

exists, but not which groups are different from each other, we complement the 

ANOVA results with Tukey Tests for pairwise comparisons between the ratings for 

 
9 Repeated measures ANOVA account for the fact that we are interested in differences in means 
between groups that are not independent.  
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the different chocolate varieties. The ANOVA results show differences among the 

three groups for the smell and taste ratings. However, the individual pairwise 

comparisons show that these differences follow different patterns for smell and 

taste ratings. On the one hand, for the smell ratings, there are differences between 

all groups (National vs. CCN-51; National vs. CCN-51 Banana; and CCN-51 vs. 

CCN-51 Banana). All the comparisons suggest that the National chocolate variety is 

the highest rated, followed by the CCN-51 and CCN-51 Banana varieties. The mean 

difference between the national and the CCN-51 varieties is 0.76 units in the 

treatment group with information and 0.93 units among the subjects who did not 

receive information. 

On the other hand, taste ratings results illustrate no differences in the mean 

taste ratings between the national and the CCN-51 varieties. This result is highly 

relevant for the stakeholders of the chocolate industry because it demonstrates that 

the consumers do not consider that the taste of the chocolate made with CCN-51 is 

too far away from the national variety. Furthermore, it also suggests that the new 

fermentation techniques applied to the CCN-51 might improve its hedonic 

properties and open the door for this hybrid to play a higher regarded role in the 

industry.  

[Insert table 3 here] 

Table 3 also shows the same analysis for the willingness to pay variable (bottom 

part of table 3). The results suggest the existence of differences in WTP among 



18 
 

different varieties of Chocolate for both information treatments. However, the 

pairwise Tukey comparisons show that these differences are only present when we 

compare the National against the CCN-51 Banana variety and the CCN-51 against 

the CCN-51 Banana variety. There is no difference in WTP when we compare the 

National vs. the. CCN-51 variety. This result holds for both treatment information 

groups. Again, these results might suggest that despite the CCN-51 variety 

chocolate coming from less quality cocoa, the consumers do not perceive that those 

differences in hedonic properties (at least for the taste) are big enough to elicit 

significant differences in WTP.  

The ANOVA results are an essential step in the identification process. 

Nonetheless, some heterogeneous preferences could emerge, and these could be 

guided by the demographic or purchase characteristics of the consumers. We use a 

Tobit specification to model the WTP. A linear model for WTP is not adequate 

because WTP data is censored (WTP ³ 0) (Wooldridge, 2010). The latent value of 

WTP for variety 𝑗 in information treatment 𝑡 for individual	𝑖, denoted as 𝑊𝑇𝑃!"#∗ , is 

expressed as a function of the variety 𝑉!, the information treatment for the two new 

varieties 𝐼", and the subjects' personal characteristics of participants 𝑋#. Because 

individuals submitted bids for different chocolates in the experiment, we employ a 

random-effects Tobit model to account for the panel nature of the data. The 

parameter 𝜈# is an individual-specific disturbance for subject 𝑖, and 𝜀!"# is the error 

term assumed to follow a normal distribution with mean zero and standard 

deviation σ. In Equation (1), we assume a linear functional form for the WTP 
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equation. However, we observe the variable 𝑊𝑇𝑃!"# that is related to 𝑊𝑇𝑃!"#∗ , and the 

relationship between the two is shown in Equation (2). 

	 (1) 𝑊𝑇𝑃!"#∗ = 𝛼 + 𝛽𝑉! + 𝛾𝐼" + 𝛿𝑉!𝐼" + 𝜃𝑋# + 𝜈# + 𝜀!"# 		

 (2) 𝑊𝑇𝑃!"# = 𝑚𝑎𝑥80,𝑊𝑇𝑃!"#∗ ;  

In the model specified above, 𝛼 is the bid for 3.5 ounces of the CCN-51 chocolate 

variety when no information about the origins of the three types of chocolate is 

revealed, 𝛽 captures the price differences that consumers are willing to pay for the 

National and CCN-51 Banana varieties compared to the CCN-51 variety, γ is a 

vector of parameters controlling for the information treatments, 𝛿 is a vector of 

parameters describing the interaction effects between chocolate varieties and 

information treatments, and these capture the price premium that consumers are 

willing to pay for the two new varieties under different origin information 

treatments, and 𝜃 is a vector of parameters for consumer characteristics.  

Results and discussion 

Table 4 present the results for two specifications: The Pool OLS and Random 

Effects Tobit Estimators. The results from the OLS model are very close to those 

from the Tobit model. These results are difficult to interpret, given the number of 

interactions and categorical variables used. Initially, for the sake of simplicity, we 

discuss some crucial variables to explain the WTP. On the one hand, using the 

results from the Tobit model, we can determine that for one unit increase in the 

taste ratings, the consumers are willing to pay, on average, $0.39/3.5 oz. 

On the other hand, the smell does not seem to play a role in the willingness to 
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pay. There are differences in the willingness to pay depending on whether the 

subjects check nutritional facts. There was no significant difference in willingness to 

pay by gender. This result contrast with previous literature in which some gender 

differences in attitudes toward Chocolate were detected (Rozin et al., 1991).  

 [Insert table 4 here] 

In this document, we are particularly interested in determining if there are 

differences in WTP between the national chocolate and the CCN-51 variety. We also 

want to determine if these differences are conditioned by the treatment (INFO vs. 

NO INFO). To simplify those comparisons, we use the Tobit model (Table 4) results 

to compute the average adjusted predictions (AAPs) for the WTP for each 

combination of chocolate variety and treatment. Then we test for the existence of 

differences between AAPs10. Table 5 reports the results of this exercise. The 

national variety has the highest predicted mean WTP with $2.44, followed by the 

CCN-51 with $2.39, and the CCN-51 Banana with $2.02. There is no significant 

difference in mean WTP by treatment level: $2.30 with NO INFO vs. 2.29 with 

INFO.   

[Insert table 5 here] 

 
10 For instance, the AAPs for the treatment (INFO) variable are calculate as follows:  first, go to the 
first case and treat that person as though she/he were treated (e.g. as he/she receive information), 
regardless of what the treatment was. Hold all other independent variable values constant. Second, 
compute the prediction of the WTP for this person. Third, repeat 1 and 2 for all the subjects in the 
sample. Finally, compute the average of all predictions.   
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On the other hand, the interaction between the variety and treatment variables 

provided interesting results.  

1) When information is provided, the WTP for the national variety 

increased (0.14). Meanwhile, the WTP for the CCN-51 decreased (-

0.18) and remained unaffected for CCN-51 Banana. However, the 

marginal effect of having information does not significantly impact the 

mean differences in predicted WTP (middle of table 5). In a nutshell, 

this means that information about the chocolate varieties does not 

significantly affect the WTP of the subjects.  

2) Finally, in the bottom part of table 5, we compare the mean adjusted 

WTP predictions between the national and CCN-51 varieties. We 

believe this result might convey important information about how the 

subjects value the highest quality chocolate (national) compared with 

the one made from CCN-51. Results show that there is no difference in 

mean WTP between these varieties. This holds for both treatment 

groups. Taken at face value, this result might imply that there is an 

opportunity to substitute national cocoa with CCN-51 cocoa in the 

production of chocolate without hurting the producers. Therefore, it 

places CCN-51 cacao as an element to consider in dealing with the 

potential shortage of chocolate. 
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Conclusion 

This paper used an auction experiment to test differences in consumers' WTP for 

three chocolate varieties. The study focuses on the differences between the national 

and the CCN-51 varieties. We included different information treatments in the 

experiment to assess how the information provided affects consumers' WTP for the 

chocolate varieties. Jointly with consumers' willingness to pay data, demographic 

information and purchasing habit data were collected from subjects who 

participated in the chocolate tasting experiment sessions. We applied a univariate 

analysis (ANOVA and Tukey Pairwise comparison) and a Random Effects Tobit 

estimator to account for the censored nature of the WTP data. We were particularly 

interested in the differences in WTP between the National Ecuadorian Chocolate 

and the variety CCN-51 Chocolate for the two treatment sources. The CCN-51 

Chocolate is the one made from the CCN-51 hybrid cocoa, so its comparison against 

the National variety told us if the consumers penalized the former for its lower 

quality compared to the latter, which in turn might help us to determine if the 

chocolate made from CCN-51 could be a good substitute for the National variety, 

which is highly appreciated in the international markets. Also, comparisons among 

treatment groups help us determine the impact of the information provided on the 

WTP.  

The ANOVA results show differences among the three groups for the smell and 

taste ratings. However, the individual pairwise comparisons show that these 

differences follow a different pattern. On the one hand, for the smell ratings, there 
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are differences between all groups (National vs. Standard; National vs. Banana; and 

Standard vs. Banana). All the comparisons suggest that the National chocolate 

variety is the highest rated, followed by the National. The mean difference between 

the national and the Standard is 0.76 units in the treatment group with information 

and 0.93 units among the subjects who do not receive information. On the other 

side, the results for the taste ratings illustrate that there are no differences in the 

mean taste ratings between the national and the standard varieties. This result is 

highly relevant for the stakeholders of the chocolate industry because it 

demonstrates that the consumers do not consider that the taste of the chocolate 

made with CCN-51 is too far away from the national variety. Also, it might suggest 

that the new fermentation techniques applied to the CCN-51 are improving its 

hedonic properties, opening the door for this hybrid to play a higher regarded role in 

the industry. 

The ANOVA results also suggest the existence of differences in WTP among 

different varieties of Chocolate for both information treatments. However, the 

pairwise Tukey comparisons show that these differences are only present when we 

compare the National vs. the Banana variety, and the Standard vs. the Banana 

variety. There is no difference in WTP when we compare the National vs. the 

Standard variety. This result holds for both treatment information groups. Again, 

this result might suggest that despite the standard variety of chocolate being from a 

less quality cocoa (made with CCN-51 cocoa), the consumers do not perceive that 

differences in hedonic properties (at least for the taste) are big enough to make a 
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significant difference in WTP to elicit. 

    The average adjusted predictions (AAPs) for the WTP show that the national 

variety has the highest predicted mean WTP at $2.44, followed by the CCN-51 at 

$2.39, and finally, the banana variety with $2.02. These results also depicted that 

when information is provided, the WTP for the national variety increased (0.14), 

decreased  (-0.18) for the CCN-51, and remained the same for the Banana type. 

However, the marginal effect of having information does not have a statistically 

significant impact on the mean differences in predicted WTP, this means that 

information about the chocolate varieties does not affect subjects’ WTP.  

Finally, the results show no difference in mean WTP between the national and 

standard varieties, no matter the information treatment. This striking result might 

suggest that the expansion in the use of CCN-51 cacao in chocolate production is a 

plausible alternative to deal with the potential shortage of chocolate.  
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Table 1  
Information provided for the three varieties of Ecuadorian chocolate 

National Ecuadorian 
Chocolate  

Standard 
Ecuadorian 

Chocolate (CCN-
51) 

Banana Chocolate  
(CCN-51 Banana) 

Made with the highest 
quality cocoa beans 

Made from 
commercial 

standard cocoa 
beans 

Made with standard 
cocoa beans and banana 

0% of daily potassium 
per 3.5-ounce serving 

0% of daily 
potassium per 3.5-
ounce serving 

26% of daily potassium 
per 3.5-ounce serving 

54% of total daily fat 
per 3.5-ounce serving  

54% of total daily 
fat per 3.5-ounce 

serving 
19.5% of total daily fat 
per 3.5-ounce serving 

Source: Authors' elaboration 
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Table 2  
Descriptive statistics for Willingness to Pay (WTP), demographics, and 
habit purchase Data. 
Variable N Mean Standard 

Deviation 
Minimum Maximum 

WTP ($ per 3.5 ounces)     
Treatment 1: NO INFO 166 2.34 1.80 0.00 9.00 

National 57 2.75 1.63 0.50 8.00 
CCN-51 57 2.65 1.84 0.10 9.00 

CCN-51 Banana 52 1.54 1.69 0.00 7.00 
      

Treatment 2: INFO 151 2.33 1.85 0.00 10.00 
National 52 2.69 2.07 0.35 10.00 
CCN-51 53 2.41 1.83 0.50 10.00 

CCN-51 Banana 46 1.84 1.50 0.00 5.00 
      

Overall 317 2.33 1.82 0.00 10.00 
Demographic variables     

Gender 110 0.50 0.50 0.00 1.00 
Age 110 1.07 0.29 1.00 3.00 

Education 110 2.31 0.89 0.00 6.00 
Income 109 0.99 2.30 0.00 7.00 

Consumer trends variables    
How often do you check 

nutritional facts? 
110 1.64 1.30 0.00 4.00 

How often do you eat 
chocolate 

109 2.66 1.15 0.00 5.00 

Approx. % of purchased 
chocolate is highest 

quality 

106 42.54 34.10 0.00 100.00 

Primary Shopper in house 109 0.22 0.41 0.00 1.00 
Source: Authors' elaboration. 
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Table 3  
Differences in hedonic ratings and WTP among chocolate varieties by 
treatment group 

ANOVA results for  
hedonic ratings 

  Smell   Taste 

  INFO NO INFO   INFO 
NO 
INFO 

Differences among 
groups     ✓ ✓   ✓ ✓ 

Tukey HSD tests     Mean differences 

National vs. CCN-51     0.76* 0.93*   0.42 0.53 
National vs. CCN-51 
Banana     1.76* 2.32*   1.53* 3.0* 
CCN-51 vs. CCN-51 
Banana     1.0* 1.39*   1.43* 2.47* 

ANOVA results for 
willingness to pay  

  WTP       
  INFO NO INFO       

Differences among 
groups     ✓ ✓       
Tukey HSD tests     Mean differences       
National vs. Standard     0.22 0.1       
National vs. Banana     0.84* 1.22*       
Standard vs. Banana     0.61* 1.54*       
Source: Authors' elaboration. * Significance test statistic at 95% confidence. 
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Table 4  
Willingness to Pay Estimates Using Random-effects Tobit and OLS Models 

Note: * p < 0.10; ** p < 0.05; *** p < 0.01. AIC is Akaike's information criteria. BIC is Schwarz's 
Bayesian information criteria. RHO is the percent contribution to the total variance of the panel-level 
variance component. The LR test shows the chi-square statistics for the test comparing the pooled 
Tobit estimator vs. the panel Tobit estimator. The results suggest that the contribution of the panel 
level is big enough to use the random effects Tobit model. The estimation also included controls for 
how often the subjects check nutritional facts and how often they eat chocolate.  

 

 

Explanatory variables (1) OLS (2) RE TOBIT 
Coefficient Standard 

error 
Coefficient Standard 

error 
Variety (vs.CCN-51)         

National -0.0895 (0.3143) -0.109 (0.2460) 
CCN-51 Banana -0.352 (0.3417) -0.453* (0.2733) 

Treatment (vs. NO INFO)         
INFO -0.303 (0.3156) -0.178 (0.2535) 

Interaction         
National * INFO 0.329 (0.4375) 0.323 (0.3413) 
CCN-51 Banana * INFO 0.127 (0.4569) 0.176 (0.3604) 

Hedonic properties         
Smell -0.0721 (0.0617) -0.0428 (0.0544) 
Taste 0.399*** (0.0526) 0.380*** (0.0462) 

Demographic         
Female -0.210 (0.2066) -0.201 (0.2143) 
Age 25-34 1.214** (0.4834) 0.514 (0.5628) 
Income $20,000-$69,000 -0.537 (0.3718) -0.901** (0.3830) 
Income $80,000 or more -0.169 (0.3047) -0.409 (0.3271) 

Purchase habits         
% High-quality chocolate 
purchased 

0.00649** (0.0030) 0.00610* (0.0031) 

Primary shopper = yes  -0.164 (0.2594) 0.438 (0.2834) 
Constant 0.528 (0.5662) 0.0943 (0.5353) 
N 302   302   
AIC 1153.8   1104.4   
BIC 1231.8   1189.8   
RHO     0.395   
LR test statistic     49.81***   
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Table 5  
Average Adjusted predictions (AAPs) by Chocolate Type and Treatment 

Variables 
Average 
Adjusted 
prediction  

Standard 
error 

95% 
confidence 

interval 
Chocolate Type     LL UL 

National 2.44 0.19 2.08 2.81 
CCN-51 2.39 0.18 2.04 2.74 

             CCN-51 Banana 2.02 0.20 1.64 2.41 
Treatment         

NO INFO 2.30 0.17 1.96 2.64 
INFO 2.29 0.17 1.95 2.62 

Chocolate Type ✕ Treatment         
       National ✕ NO INFO 2.37 0.23 1.92 2.81 

National ✕ INFO 2.51 0.22 2.07 2.95 
      CCN-51 ✕ NO INFO 2.48 0.22 2.04 2.91 

CCN-51 ✕ INFO 2.30 0.22 1.87 2.73 
                   CCN-51 Banana ✕ NO INFO 2.03 0.25 1.54 2.51 

            CCN-51 Banana ✕ INFO 2.02 0.23 1.56 2.48 

Effect of Treatment in WTP Marginal 
effect  

Standard 
error P>|Z| 

  
(National ✕ NO INFO) - (National ✕ 

INFO) 0.14 0.26 0.57   
(CCN-51 ✕ NO INFO) - (CCN-51 ✕ INFO) -0.18 0.25 0.48   
(CCN-51 Banana ✕ NO INFO) - (CCN-51 

Banana ✕ INFO) 0.00 0.28 0.99   
Pairwise Comparisons National vs. 
Standard P>chi2       

(National ✕ NO INFO) = (CCN-51 ✕ NO 
INFO) 0.66       

(National ✕ INFO) = (CCN-51 ✕ INFO) 0.38       
Source: Authors' elaboration 
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Figure 1  
Comparison of WTP Among Treatment Groups 

 
Source: Authors' elaboration 
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Figure 2  
Hedonic properties of the different varieties of chocolate by treatment 
group 

 

 
Source: Authors' elaboration 

 


