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Investigating the Relationship Between Objective and Subjective Knowledge and Visual 
Attention to Non-GMO Labels 

Alicia L. Rihn, Hayk Khachatryan, Xuan Wei 

Abstract 
This research addresses the impact of consumer subjective and objective knowledge of non-

GMO certification on their valuation of and visual attention to the non-GMO attribute on fruit-

producing plants. Two non-GMO attribute levels are used, a logo and a text label, to determine if 

label format influences behavior. Online choice experiments, in-person experimental auctions, 

and a survey instrument were used to measure responses to live plants and computer images of 

the same plants. The computer image auction was included to elicit visual attention metrics. The 

online choice experiment participants selected their preferred options from predetermined 

scenario images. Similar attribute levels were presented to identify the influence of non-GMO 

information on choice and valuation. Random effects tobit models were used to analyze the 

experimental auction data, while a mixed logit model was used to analyze the choice experiment. 

The empirical results imply that consumers are willing to pay a premium for plants with non-

GMO labels. In general, type of knowledge influenced choice experiment participants’ valuation 

for non-GMO plants. Individuals in the high subjective knowledge groups generated higher 

premiums than individuals in the low subjective – low objective knowledge group. Visual 

attention to the non-GMO labels varied with the high subjective – low objective knowledge 

group fixating on the non-GMO labels more than the other knowledge groups. Results imply a 

disconnect between subjective and objective knowledge of non-GMO programs which ultimately 

impacts consumers’ valuation for non-GMO labeled plants.  

Keywords: Choice experiment; Experimental Auction; Fruit plants; Objective knowledge; 
Subjective knowledge 

JEL Codes: D12, D80; M31 
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Investigating the Relationship Between Objective and Subjective Knowledge and Visual 
Attention to Non-GMO Labels 

Introduction 

Genetic modification is defined as occurring when products are “derived from organisms 

whose genetic material (DNA) has been modified in a way that does not occur naturally” (World 

Health Organization, 2018). Genetic modification has been widely debated in agriculture, plant 

sciences, and the food industries as a means to improve plant genetics, cultivar development, 

aesthetic characteristics, disease and pest resistance, nutrient content, shelf life, and crop yields 

(Azadi et al., 2016; Barrows et al., 2014; De Steur et al., 2013; Goodwin et al., 2015; Perry et al., 

2016; World Health Organization, 2018; Zilberman and Wesseler, 2014; Zilberman et al., 2018). 

Concerns related to genetic modification come from safety concerns, loss of biodiversity, 

resistance to chemical controls, consumption safety, marketplace acceptance, regulatory 

approval, and development costs (Barrows et al., 2014; Goodwin et al., 2015; Dobres, 2008; 

Dona and Arbanitoyannis, 2009; Henle et al., 2008; Martin et al., 2017). Together, the studies 

addressing benefits and concerns related to using genetic modification in cultivar development 

highlight the debate around genetically modified organisms (GMO) and the complexity of 

perceptions when approaching this research topic.  

 Different methods are used to address consumer valuation of value-added attributes on 

products. Here, we use hypothetical choice experiments and non-hypothetical experimental 

auctions paired with knowledge metrics to elicit consumer valuation for non-GMO fruit-

producing plants. First, a choice experiment was used to collect a larger sample from a more 

geographically dispersed audience. However, choice experiments are susceptible to hypothetical 

bias and measure value indirectly (Colson and Rousu, 2013; Loomis, 2011). In contrast, 

experimental auctions are used to reduce hypothetical bias which may occur with hypothetical 
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research methodologies (Lusk and Shogren, 2007). Experimental auctions are based on random 

utility theory where it is assumed that consumers will act rationally, take into consideration all 

available attributes/information, and choose the option that provides the most utility. However, 

research has demonstrated that consumers are selective in what they view when making 

decisions (Hensher and Rose, 2009). Pairing experimental auctions with eye tracking technology 

allows researchers to accurately record participants’ visual attention and determine if visual 

attention to attributes impacts their behavior (Rihn and Yue, 2016). Using a mixed methodology 

approach (i.e., a hypothetical online choice experiment and in-person experimental auction) 

serves to provide more robust results to address consumer behavior toward non-GMO plants. 

 Consumer knowledge of non-GMO is a focal point of this research. There are several 

factors that make consumer knowledge metrics particularly interesting when addressing research 

questions on non-GMO products. First, consumer knowledge has been shown to impact their 

preferences and acceptance of GMO (Fernbach et al., 2019; House et al., 2004; Klerck and 

Sweeney, 2007; Zhu and Xie, 2015). For example, general biology knowledge increases 

consumer acceptance of genetically modified foods (Zammit-Mangion et al., 2012). Secondly, 

the debate on the benefits and concerns related to genetic modification (as previously discussed) 

highlights the need to better understand consumer perceptions and how those impact their 

behaviors (Klerck and Sweeney, 2007). Third, in 2016, the U.S. government required GMO 

labeling in the food industry to inform consumers if their products contained GMO ingredients; 

thus, allowing consumers to make their own choices (Bovay and Alston, 2018; McFadden and 

Lusk, 2018). However, GMO related labeling requirements have not extended into the 

ornamental plant industry, meaning the impact of non-GMO labeling on consumer preferences 

for plants themselves remains unknown. Lastly, research indicates that people with high 
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subjective knowledge and low objective knowledge are frequently the most opposed to genetic 

modification and more likely to share their knowledge with others (Fernbach et al., 2019). 

Supporting evidence shows that consumers have a limited understanding of science but strongly 

emphasize topics and non-scientific information for “emotionally charged” topics (Kahan, 2017). 

This implies, that those who think they are more knowledgeable (i.e., high subjective 

knowledge) actually know less (i.e., low objective knowledge) but spread information more so 

than other consumers (Fernbach et al., 2019; Kahan, 2017). 

 Based on the previous studies, the overall research goal was to investigate the 

relationship between consumers’ subjective and objective knowledge and valuation for fruit-

producing plants using a mixed-method approach. Given consumers preferences for GM labeling 

on foods (McFadden and Lusk, 2018) and impact of knowledge on choice of non-GMO foods 

(Fernbach et al., 2019; House et al., 2004; Klerck and Sweeney, 2007; Wunderlich et al., 2018; 

Zammit-Mangion et al., 2012; Zhang and Liu, 2015), we test the following hypotheses:  

H1. Knowledge will influence consumers’ valuation for non-GMO labeled plants. 

H2. Consumers will be willing to pay premiums for non-GMO fruit-producing plants. 

H3. Visual attention to the non-GMO labels will vary by label type (logo, text). 

Methodology 

Experimental Design – Choice Experiment 

 An online consumer panel completed the choice experiment using an online survey 

platform (Qualtrics Survey CoreXMTM). Each choice scenario consisted of two products (A and 

B) with predetermined attribute levels and a neither option. Participants selected the product they 

would be willing to purchase given the provided information. Participants completed 16 choice 
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scenarios (discussed shortly). For each scenario, the plant was pictured with the other attributes 

appearing below the plant image.  

Experimental Design – Experimental Auction 

A second price auction was used to elicit participants’ bids for the plants. In a second 

price auction, one product is randomly drawn as “binding.” To determine the winner and market 

price, the bids are sorted from highest to lowest and the highest bid “wins” but only pays the 

second highest price (the “market price”). The disconnect between participants’ bids and the 

market price gives a weakly dominant strategy to truthfully reveal their willingness-to-pay 

(WTP) for the item. The experimental design included two treatments: live plants without eye 

tracking and images of those live plants on a computer monitor with eye tracking. Participants 

were randomly assigned to either treatment based on their date of participation (discussed more 

in the Participant Recruitment and Statistics section). In the computer simulation experiment, eye 

tracking cameras (Tobii x2-60) were used to record visual attention metrics. After participants 

completed the experiment, the winner was announced, and participants were compensated $30 

except the winner who received the equivalent of $30 (i.e., plant and monetary incentive minus 

the market price). 

Knowledge Variables 

In both experiments, the same survey instrument was used to elicited subjective and 

objective knowledge metrics and participants’ demographic information. Participants’ subjective 

knowledge was measured using a self-revealed scale where they were asked “how 

knowledgeable are you about non-GMO certification?” (1=not at all knowledgeable; 7=very 

knowledgeable).  
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 Objective knowledge was measured using three true or false style quiz questions. The 

questions were “True or false, non-GMO / GMO free certification must be traceable?” where the 

correct answer was “true”. The second question was “true or false, non-GMO / GMO free 

certification includes inspection regardless of risk?” where “false” was the correct answer. The 

last question was “true or false, all organic products (certified and not certified) are non-GMO / 

GMO free?” where the correct answer is “false”. The questions and answers were obtained from 

the Non-GMO Project Standard website (Non-GMO Project Standard, 2019).  

 For analysis purposes, participants’ knowledge was based on their subjective rating and 

quiz scores. They were considered knowledgeable in both subjective and objective knowledge 

(HsubHobj) if they selected 5 or higher on the subjective knowledge scale and correctly answered 

2 or more quiz (objective) questions. Participants were considered not knowledgeable in both 

subjective and objective knowledge (LsubLobj) if they rated their knowledge as 4 or below on the 

subjective knowledge scale and correctly answered zero or 1 quiz question. Two additional 

knowledge categories were defined. High subjective – low objective (HsubLobj) where participants 

indicated high subjective knowledge (selected 5 or above) but only correctly answered 1 or less 

quiz question and low subjective – high objective knowledge (LsubHobj) where participants rated 

their knowledge as 4 or less but correctly answered 2 or more quiz questions. 

Products and Attributes 

Fruit-producing plants in 1-gallon containers were selected as the product of interest due 

to product availability and the aesthetic and food-producing attributes of the plants. The three 

fruit-producing plants were blueberry, banana, and papayas (base variable).  

Three value-added, credence attributes were included in the experimental design, 

including: A sustainability label, non-GMO label, and heirloom label. The sustainability label 
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represented an eco-label in the ornamental plant industry that certifies the plants are produced in 

a sustainable way. The non-GMO label indicated the plants were not genetically modified. The 

heirloom label indicated the plants were heirloom varieties. Each label had three levels to capture 

differences in consumer WTP based on differences in format. The three levels were a logo, text 

label, or not present (base variable). For the non-GMO and heirloom attributes, the logo and text 

labels contained the same content. The sustainable attribute was different in that the text option 

was the logo plus informative text (ecosystem protection, fair labor practices, and product 

quality). Thus, the sustainable text label did not communicate the exact same information as the 

logo, rather it contained the logo and additional information. This was by design given that 

typically consumers have low awareness of ornamental plant labels. Images of the actual plants 

were taken and used in the computer image auction and online choice experiment. 

JMP Pro software was used to generate a fractional factorial design using the Design of 

Experiment (DOE) routine which maximizes a D-efficiency criterion (Kuhfeld, 2010). A total of 

16 choice scenarios were generated for the online choice experiment with a D-efficiency of 

94.02%. For the experimental auction, a total of 14 product scenarios were generated with a D-

efficiency of 83.60%. 

Participant Recruitment and Statistics 

Participants were recruited in Florida for the online choice experiment and central Florida 

for the in-person auction. To participate, participants needed to be 18 years or older and have 

purchased a plant within the past 12 months, given that not all consumers are able or interested in 

purchasing/owning a plant. For the in-person study, participants who passed the screening 

questions were directed to an online signup page where they selected a date/time that 

accommodated their schedules. Based on the date/time that the participant indicated, they were 
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assigned to a live product auction or computer image auction. In the live product auction, they 

evaluated and bid on the actual plants. In the computer image-based auction, pictures of the same 

plants (used in the live product auction) were shown to the participants on a computer monitor, 

and they submitted their bids. A total of 1,680 people completed the online choice experiment 

while 145 people participated in the auctions with 60% bidding on the live plants and 40% 

participated in the computer image auction.  

The sample summary demographics are presented in Table 1. Participants’ mean age was 

54 years old. Women were overrepresented in both samples which is consistent with the core 

consumer of plants (National Gardening Association, 2013). On average, participants had 

completed a college degree at the time of the studies. The mean household income in 2016 was 

nearly $60,000. The mean household size was between 2 to 3 people for both studies. 

Approximately 46% and 71% of the online and in-person samples indicated they were 

knowledgeable about non-GMO certification. For objective knowledge, participants in the online 

sample got 1.8 quiz questions correct (out of 3) with 54% exhibiting high objective knowledge 

(i.e., correctly answering 2 or 3 quiz questions), while the in-person sample got 1.9 questions 

correct with 76% exhibiting high objective. 

Table 1. Sample Summary Statistics for an Experimental Auction Experiment  

 
Online Choice 

Experiment (n=1680) 

In-person Experimental 

Auction (n=145) 

Variable (definition) Mean Mean 

Age 51.934 53.871 

Gender (1=male; 0=female) 0.400 0.268 

Education (1=college degree or higher; 

0=otherwise)a 
4.334 4.676 
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2016 household income ($1000) 62.589 59.698 

Household  2.555 2.685 

Live (1=live plants; 0=computer images) --- 0.32 

Knowledge Mean Mean 

Subjective knowledge (1=not at all 

knowledgeable; 7=very knowledgeable)  

3.950 4.953 

High subjective knowledge (1= 5 or greater; 0 

= less than 5) 

0.460 0.707 

Objective knowledge (1=1 correct quiz answer; 

2=2 correct answers; 3=3 correct answers) 

1.867 1.947 

High objective knowledge (1=2 or more correct 

quiz answers; 0=1 or no correct quiz answers) 

0.70 0.76 

a Respondents indicated their level of education using predetermined categorical variables where 
1=some high school, 2=high school diploma/GED, 3=some college, 4=2 year or associate’s 
degree, 5=4 year or bachelor’s degree, 6=some graduate school, and 7=a graduate or 
professional’s degree. 

Econometric Models 

A mixed logit model was used to analyze the online choice experiment data. The decision 

maker i’s utility (𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖) from choosing a product option alternative j in choice scenario t. The 

utility function can be written as follows:  

𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖�𝒙𝒙𝒊𝒊𝒊𝒊𝒊𝒊,𝛽𝛽𝑖𝑖� +  𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖.          (1)  

where utility 𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖  is the deterministic components and 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 is the random component. The model 

follows the Random Utility Maximization (RUM) framework, according to which an individual 

chooses the alternative that provides the highest utility. In this study, the utility function for 

individual i can be written as:  

𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 =  𝛽𝛽𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜷𝜷𝒙𝒙′ 𝑿𝑿𝒊𝒊𝒊𝒊𝒊𝒊 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖.       (2) 

where 𝛽𝛽𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝 is the coefficient for the price of alternatives and is assumed to be a fixed 

parameter, and βx is a vector of unknown parameters to be estimated for important plant 
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attributes such as the presence or absence of different eco-labels. It is assumed that 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 is 

independent and identically distributed with type I extreme value distribution. The choice 

probability that individual i would choose alternative j in choice scenario t can be expressed as:  

 𝑃𝑃𝑟𝑟𝑃𝑃𝑃𝑃(𝑦𝑦𝑖𝑖 = 𝑗𝑗|𝑿𝑿,𝜷𝜷) = ∫
𝑝𝑝𝑒𝑒𝑝𝑝 (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 + 𝜷𝜷𝒊𝒊𝒙𝒙

′𝑿𝑿𝒊𝒊𝒊𝒊𝒊𝒊 )

∑ 𝑝𝑝𝑒𝑒𝑝𝑝 (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖  + 𝜷𝜷𝒊𝒊𝒙𝒙′𝑿𝑿𝒊𝒊𝒊𝒊𝒊𝒊 )
𝐽𝐽
𝑖𝑖=1

φ(𝛽𝛽𝒊𝒊𝒙𝒙|𝜽𝜽)𝒅𝒅𝜷𝜷𝒙𝒙,  for j = 1, …,J  (3) 

whereφ(𝛽𝛽𝒊𝒊𝒙𝒙|𝜽𝜽) is specified as normal distribution. The estimation of the mixed logit (ML) 

model uses a maximizing simulated likelihood LL(θ) = ∑ 𝑙𝑙𝑙𝑙𝑃𝑃𝑟𝑟𝑃𝑃𝑃𝑃𝑖𝑖𝑁𝑁
𝑖𝑖=1 (𝜃𝜃). Since this expression 

cannot be solved analytically, it is approximated using simulation methods, and the ML model 

produces a set of means and standard deviations (SD) of the parameters (Train, 2003). The 

coefficient 𝛽𝛽𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝 is a fixed parameter, and WTP estimates can be generated using the 

coefficients from the mixed logit model, specifically:  

𝑊𝑊𝑊𝑊𝑃𝑃 =  −1 �𝛽𝛽𝑎𝑎𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝𝑎𝑎𝑎𝑎𝑖𝑖𝑝𝑝
𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

�.          (4) 

Since participants’ bids were left censored at 0 in the experimental auction, a tobit 

regression based model can be utilized (Tobin, 1958; Yue et al., 2016). Given the panel nature of 

the data, where each participant i submitted multiple bids for products j, a random effects tobit 

model was used to estimate the relationship between the product attributes, participants’ 

knowledge, and their WTP bids for the fruit-producing plants. The random effects tobit model 

can be expressed as: 

𝑃𝑃𝑟𝑟𝑏𝑏𝑖𝑖𝑖𝑖 = 𝑚𝑚𝑚𝑚𝑚𝑚�𝑃𝑃𝑟𝑟𝑏𝑏𝑖𝑖𝑖𝑖∗ , 0],         (5) 

𝑃𝑃𝑟𝑟𝑏𝑏𝑖𝑖𝑖𝑖∗ = 𝒙𝒙𝒊𝒊𝒊𝒊𝜷𝜷 +  𝑟𝑟𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 > 0,         (6) 

𝑢𝑢~𝑁𝑁(0,𝜎𝜎𝑢𝑢2),           (7) 
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where bidij is the bid of participant i for product j. The 𝑃𝑃𝑟𝑟𝑏𝑏𝑖𝑖𝑖𝑖∗  variable captures the participant’s 

WTP for product j which is assumed to align with the linear unobserved effects model (eq. 6) 

(Wooldridge, 2002). The attributes of product j and the participants’ demographics are captured 

with xij. The ci is the unobserved individual heterogeneity that varies across individuals (i) but 

not by product (j). The uij is the random error term with normal distribution and zero mean and 

variance 𝜎𝜎𝑢𝑢2. Stata software was used to analyze the results using mixlogit Stata command for the 

choice experiment and the xttobit command for the experimental auction. 

Online Choice Experiment Results 

 The mixed logit estimates are presented for important attributes in Model 1 and with 

interaction terms between the non-GMO attributes and individual knowledge variables in Model 

2 (Table 2). Price negatively impacted probability of choice which aligns with economic theory. 

The opt_out option was negative and statistically significant, indicating participants received 

greater utility from choosing at least one of the plants rather than neither option. Blueberry and 

banana plants improved probability of choice when compared to papaya plants (base level). The 

sustainable text label was the most preferred followed by the sustainable logo when compared to 

plants without the sustainable attribute. Both the non-GMO logo and text labels were preferred to 

plants without a non-GMO attribute. Similarly, participants preferred plants with the heirloom 

logo or label when compared to plants without the attribute. The standard deviation estimates 

were also statistically significant for the sustainable text label, non-GMO logo, and heirloom 

logo, indicating that parameters vary among the participants. In contrast, the standard deviations 

for the sustainable logo, non-GMO text label, and heirloom text label were statistically 

insignificant, indicating homogenous preferences among participants.  
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Table 2. Mixed Logit Estimates from an Online Choice Experiment (n=1680) 

Attributes Model 1 Model 2 

Coefficients Std. Err.  Coefficients Std. Err. 

Mean Estimates  

Price -0.172 *** 0.013 -0.172 *** 0.013 

Opt_out -3.032 *** 0.192 -2.985 *** 0.193 

Blueberry 1.090 *** 0.069 1.063 *** 0.069 

Banana 0.373 *** 0.066 0.383 *** 0.068 

Papaya Base Base 

Sustainable logo 1.035 *** 0.053 1.054 *** 0.054 

Sustainable text 1.602 *** 0.061 1.625 ***  0.062 

Sustainable (none) Base Base 

Non-GMO logo 0.852 *** 0.062 0.617 *** 0.137 

Non-GMO text 0.364 *** 0.050 0.236 ** 0.113 

Non-GMO (none) Base Base 

Heirloom logo 0.730 *** 0.054 0.733  0.054 

Heirloom text 0.500 *** 0.045 0.502  0.046 

Heirloom (none) Base Base 

Non-GMO Attributes Interacted with Knowledge Groupsa 

Non-GMO logo 

× 𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.518 *** 0.171 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.277 ** 0.137 

Non-GMO logo 

× 𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.635 *** 0.210 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.451 *** 0.172 

Non-GMO logo 

× 𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.073  0.162 

Non-GMO text ×

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.090  0.134 

S.D. of Mean Estimates  
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Opt_out 3.308 *** 0.143 3.278 *** 0.138 

Blueberry 2.373 *** 0.080 2.377 *** 0.081 

Banana 1.941 *** 0.090 1.969 *** 0.092 

Papaya Base Base 

Sustainable logo -0.032  0.064 -0.056  0.065 

Sustainable text 0.774 *** 0.056 0.772 *** 0.057 

Sustainable (none) Base Base 

Non-GMO logo 0.744 *** 0.081 0.592 *** 0.118 

Non-GMO text 0.100  0.117 0.118  0.101 

Non-GMO (none) Base Base 

Heirloom logo -0.663 *** 0.071 -0.668 *** 0.071 

Heirloom text -0.032  0.087 -0.044  0.087 

Heirloom (none) Base Base 

Non-GMO logo 

× 𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.836 *** 0.223 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.051  0.138 

Non-GMO logo 

× 𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.560 ** 0.274 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.434 *** 0.169 

Non-GMO logo 

× 𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.072  0.166 

Non-GMO text ×

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.317 ** 0.161 

Observations 40,320 40,320 

Log-likelihood 

(LL) 

-9,518.05 -9,587.26 

***, **, and * indicate significance at ≤0.010, ≤0.050, and ≤0.100 when compared to the base 
variables. 

Note:  a Participants with low subjective and low objective knowledge are used as the base 
group.  
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  The estimates generated from the mixed logit models were used to estimate participants’ 

WTP for plants with the different attributes (Table 3). The low subjective – low objective 

knowledge group was used as a base for comparison purposes. Depending upon the model 

specifications, participants were willing to pay the highest premium for a plant with the 

sustainable text label at $9.31 - $9.33 relative to a plant without that label. They were also 

willing to pay a $6.02 or $6.06 premium for plants with the sustainable logo compared to 

unlabeled plants. The non-GMO attribute also generated a premium at $4.95 - $3.65 and $2.12 - 

$1.27 for plants with the non-GMO logo and text labels compared to unlabeled plants. 

Participants were willing to pay $4.24-$4.45 for plants with the heirloom logo and $2.91-$2.99 

for plants with the heirloom text label compared to plants that were not labeled as heirloom. In 

Model 2, the knowledge groups were interacted with the non-GMO attribute levels to estimate 

premiums. The high subjective – low objective knowledge group was willing to pay the highest 

premium at $7.89 for plants with non-GMO logos and $4.38 for plants with non-GMO text 

labels relative to the low subjective – low objective knowledge group. The high subjective – 

high objective knowledge group had the next highest premiums at $7.03 for non-GMO logoed 

plants and $3.17 for non-GMO text labeled plants. The low subjective – high objective 

knowledge group had the lowest premiums relative to the low subjective – low objective 

knowledge group at $3.23 for a non-GMO logo and $0.86 for the non-GMO text label. 

Table 3. Willingness-to-Pay Estimates from an Online Choice Experiment (n=1,680) 

Attributes Model 1 Model 2 

 WTP (Std. Err.) WTP (Std. Err.)  

Blueberry $6.33 *** (0.587) $6.19 *** (0.569) 

Banana $2.17 *** (0.414) $1.64 *** (0.393) 

Papaya Base Base 

Sustainable logo $6.02 *** (0.515) $6.06 *** (0.523) 
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Sustainable text $9.31 *** (0.699) $9.33 ***  (0.697) 

Sustainable (none) Base Base 

Non-GMO logo $4.95 *** (0.481) $3.65 *** (0.820) 

Non-GMO text $2.12 *** (0.314) $1.27 * (0.668) 

Non-GMO (none) Base Base 

Heirloom logo $4.24 *** (0.414) $4.45 *** (0.428) 

Heirloom text $2.91 *** (0.331) $2.99 *** (0.343) 

Heirloom (none) Base Base 

Non-GMO Attributes Interacted with the Knowledge Groupsa  

Non-GMO logo ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— $7.03 *** (0.788) 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— $3.17 *** (0.534) 

Non-GMO logo ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— $7.89 *** (1.032) 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— $4.38 *** (0.794) 

Non-GMO logo ×

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— $3.23 *** (0.601) 

Non-GMO text ×

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— $0.86 * (0.470) 

***, **, and * indicate within model significance at ≤0.001, ≤0.050, and ≤0.100 when compared to 
the base variables. 

Note:  a Participants with low subjective and low objective knowledge are used as the base 
group.  

In-Person Experimental Auction Results 

 Regarding visual attention to the different attributes, the sustainable label with text 

captured the highest number of fixations, followed by the non-GMO logo, non-GMO text, and 

sustainable logo (Table 4). The heirloom logo and text labels were viewed least frequently. 

Interestingly, for the non-GMO and heirloom labels, the logos captured significantly more 

fixations than the text versions. The opposite was true with the sustainable logo which likely 
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occurred due to the text being added to the logo rather than replacing the logo resulting in the 

sustainable text label being substantially larger and containing more content. A similar pattern 

was observed across the knowledge groups. When considering the knowledge groups’ visual 

attention to the non-GMO labels, the high subjective – low objective knowledge group 

(HsubLobj) fixated more on the non-GMO logo than any of the other knowledge groups. For the 

non-GMO text label, the high subjective – low objective knowledge group (HsubLobj) and low 

subjective – low objective knowledge group (LsubLobj) fixated similar amounts which was 

greater than the other knowledge groups. Interestingly, the knowledge groups with high objective 

knowledge fixated the least on the non-GMO attributes.  

Table 4. Fixation Count Data from An Experimental Auction 

 Total Sample  𝐇𝐇𝐬𝐬𝐬𝐬𝐬𝐬𝐇𝐇𝐨𝐨𝐬𝐬𝐨𝐨 𝐇𝐇𝐬𝐬𝐬𝐬𝐬𝐬𝐋𝐋𝐨𝐨𝐬𝐬𝐨𝐨 𝐋𝐋𝐬𝐬𝐬𝐬𝐬𝐬𝐇𝐇𝐨𝐨𝐬𝐬𝐨𝐨 𝐋𝐋𝐬𝐬𝐬𝐬𝐬𝐬𝐋𝐋𝐨𝐨𝐬𝐬𝐨𝐨  

Attribute Mean Std. 

Dev. 

Mean Std. 

Dev. 

Mea

n 

Std. 

Dev. 

Mean Std. 

Dev. 

Mea

n 

Std. 

Dev. 

Sign.
z 

FC_Sustainable 

Logo 

1.724* 1.937 1.810 2.093 2.25 1.958 0.900 0.774 1.833 1.631 abdf 

FC_Sustainable 

Text 

4.906* 5.272 5.421 5.323 5.292 5.112 2.200 2.710 5.500 7.515 bdf 

FC_Non-GMO 

Logo 

2.023* 2.278 1.889 1.909 3.208 3.685 1.483 1.860 2.417 2.335 abdef 

FC_Non-GMO 

Text 

1.891* 1.811 1.863 1.726 2.313 1.823 1.325 1.122 2.750 3.125 abcdf 

FC_Heirloom Logo 1.509* 1.311 1.457 1.206 1.625 1.508 1.260 1.008 2.450 2.045 cdef 

FC_Heirloom Text 1.039* 1.440 0.964 1.247 1.688 1.235 0.500 0.594 1.875 1.649 abcdf 
* indicates significance between logo and text attribute levels at the 5% level. Significance was 
tested using pairwise t-tests.  
z The Sign. column indicates significance between the number of fixations on each attribute for 
the knowledge groups. Significance was tested using ANOVA and Tukey’s honest significance 
test. The following letters indicate significance at the 5% level, where: a indicates significance 
between 𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐻𝐻𝑜𝑜𝑠𝑠𝑖𝑖 and 𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖; b indicates significance between 𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐻𝐻𝑜𝑜𝑠𝑠𝑖𝑖 and 𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖; c 
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indicates significance between 𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐻𝐻𝑜𝑜𝑠𝑠𝑖𝑖 and 𝐿𝐿𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖; d indicates significance between 
𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖 and 𝐿𝐿𝑠𝑠𝑢𝑢𝑠𝑠𝐻𝐻𝑜𝑜𝑠𝑠𝑖𝑖; e indicates significance between 𝐻𝐻𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖 and 𝐿𝐿𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖; f indicates 
significance between 𝐿𝐿𝑠𝑠𝑢𝑢𝑠𝑠𝐻𝐻𝑜𝑜𝑠𝑠𝑖𝑖 and 𝐿𝐿𝑠𝑠𝑢𝑢𝑠𝑠𝐿𝐿𝑜𝑜𝑠𝑠𝑖𝑖. 

The random effects tobit model estimates is presented in Table 5. Model 1 shows the 

results without the knowledge variables while Model 2 presents the knowledge variables. Given 

that the dependent variable is participants’ bids on the items, the coefficients can be interpreted 

as the amount participants are willing to pay relative to the base variable. Overall, participants 

indicated they are willing to pay $0.87 and $0.51 more for blueberry and banana plants relative 

to papaya plants. They were willing to pay $0.77 and $1.25 more for plants with the sustainable 

logo and text labels compared to plants without a sustainable label. They were also willing to pay 

premiums of $1.31 and $1.00 for plants with the non-GMO logo and text label, respectively. The 

heirloom logo generated a premium of $0.40 relative to an unlabeled product. Participants with 

high subjective – low objective knowledge were willing to pay $4.23 more for the plants, but 

only statistically significant at 10% significance level. Education negatively impacted 

participants’ bids. Model 2 incorporated interaction effects between the knowledge variables and 

non-GMO attributes, however, no significant effect was observed. 

Table 5. Random Effects Tobit Model Estimates from an Experimental Auction (n=145) 

Attributes Model 1 Model 2 

Coefficients Std. Err.  Coefficients Std. Err. 

Blueberry 0.873 *** 0.209 0.873 *** 0.208 

Banana 0.509 ** 0.208 0.509 ** 0.208 

Papaya Base Base 

Sustainable logo 0.770 *** 0.200 0.770 *** 0.200 

Sustainable text 1.249 *** 0.241 1.249 ***  0.241 

Sustainable (none) Base Base 

Non-GMO logo 1.313 *** 0.198 0.895  0.562 

Non-GMO text 0.996 *** 0.219 0.576  0.614 
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Non-GMO (none) Base Base 

Heirloom logo 0.403 ** 0.191 0.403 ** 0.190 

Heirloom text 0.309  0.259 0.309  0.259 

Heirloom (none) Base Base 

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 1.470  2.028 1.059  2.067 

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 4.225 * 2.423 3.632  2.471 

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 1.914  2.242 1.973  2.287 

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 Base Base 

Non-GMO logo ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.584  0.603 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.916  0.738 

Non-GMO logo ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— -0.191  0.686 

Non-GMO text ×

𝑯𝑯𝒔𝒔𝒔𝒔𝒔𝒔𝑳𝑳𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.552  0.659 

Non-GMO logo ×

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.692  0.808 

Non-GMO text ×

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔𝑯𝑯𝒐𝒐𝒔𝒔𝒊𝒊 

— 0.071  0.749 

Age 0.010  0.043 0.010  0.043 

Gender -1.223  1.290 -1.224  1.290 

Education -0.638 * 0.369 -0.639 * 0.369 

Income 0.003  0.019 0.003  0.019 

Household 0.152  0.390 0.152  0.390 

Live plant 1.285  1.179 1.285  1.179 

constant 5.543  3.757 5.846  3.773 

𝝈𝝈𝒔𝒔 6.567 *** 0.395 6.567 *** 0.395 

𝝈𝝈𝒄𝒄 3.286 *** 0.055 3.282 *** 0.055 

𝝆𝝆 0.800  0.020 0.800  0.020 

Observations 2,029 2,029 

Log-likelihood (LL) -5,412.49 -5,410.22 
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***, **, and * indicate within model significance at ≤0.001, ≤0.050, and ≤0.100 when compared to 
the base variables. 

Discussion 

In general, the inclusion of value-added attributes improved consumers’ bids for fruit 

producing plants. The sustainable logo and label generated value which was amplified for the 

informative text label. This may indicate low consumer awareness and the inclusion of different 

information increased value due to a better understanding of the benefits of the product. The non-

GMO label improved participants’ valuation for fruit producing plants indicating they obtained 

greater utility from plants with those attributes. This finding supports hypothesis 2 (that 

consumers are willing to pay premiums for non-GMO fruit plants) and aligns with previous 

research addressing non-GMO labeling on food products (De Steur et al., 2013).  

Interestingly, the model estimates indicate that knowledge appears to impact consumers’ 

valuation of the plants displaying different attributes. In general, high subjective knowledgeable 

groups exhibited the highest premiums for plants with non-GMO information with the logo 

generating the highest premiums. Participants exhibiting high subjective – low objective 

knowledge had the highest premiums relative to the low subjective – low objective knowledge 

group (supporting hypothesis 1 that knowledge will influence consumers’ valuation for non-

GMO plants). This knowledge-based WTP differentiation is clearly observed in the online 

choice experiment sample but less evident with the experimental auction sample.   

Lastly, participants fixated more on the non-GMO logo than the non-GMO text label, 

supporting hypothesis 3 (visual attention to non-GMO labels will vary by label type). Similar 

results were observed for the heirloom attribute. This observation may be attributed to several 

factors, including: the logos may be more visually appealing than the text versions, the logo may 
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have provided more visual information (e.g., color, pictures, etc.) requiring additional attention, 

or that the logos were less straightforward to understand which required additional attention 

whereas the text was easier to interpret. Future studies could incorporate metrics to gain a deeper 

understanding on why visual attention varies by format. Overall, the high subjective – low 

objective knowledge group fixated on the non-GMO attributes more than other knowledge 

groups. This may reflect greater interest in the information since, as discussed by Fernbach et al. 

(2019), people with high subjective knowledge often overemphasize their knowledge, especially 

for controversial topics (Kahan, 2017). These results provide guidance to green industry firms 

interested in promoting non-GMO attributes of their plants. Specifically, the use of a non-GMO 

logo generates more value and attention than a non-GMO text label. 
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