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Abstract

This study investigates the extent to which individuals’ perceptions and attitudes toward

pesticides and pollinator related labeling influence their preferences for eco-labeled prod-

ucts. An incentive compatible second-price auction and a hypothetical discrete choice

experiment were used to elicit individual preferences for ornamental plants grown with or

without controversial (neonicotinoid) pesticides. Positive attitudes toward pollinators, neoni-

cotinoid labeling regulations, and labeling of sustainable production methods were found to

be significant predictors of individual choice behavior. Individuals with attitudes expressing

concern for pollinators and agreement with mandatory labeling and disclosure of neonicoti-

noids, showed a stronger preference for neonicotinoid-free plants. Our results suggest that

both hypothetical and non-hypothetical experiments are consistent in predicting the general

direction of consumer preferences despite the elicitation mechanism. Implications for rele-

vant stakeholders are discussed.

Introduction

Experimental auctions and discrete choice experiments are the two most important mecha-

nisms to elicit consumer preferences and willingness to pay (WTP) for new products (e.g.,

food labeling), when market data are not yet available. However, more and more evidence has

surfaced, showing that individuals tend to overstate the amount they are willing to pay for a

good in a hypothetical setting compared to situations when there is financial consequentiality

(e.g., [1, 2]). In response to increased skepticism regarding incentive compatibility in hypo-

thetical settings, incentivized, non-hypothetical experimental auctions and choice experiments

have become popular and are frequently used by empirical economists in their field and labo-

ratory experiments (e.g., [3–7]). While non-hypothetical experiments certainly mitigate hypo-

thetical bias, they often suffer from the limitation of relatively small sample sizes or specific

groups (e.g., university students, convenience samples, etc.) which may impact sample

representativeness.
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In this study, we use both hypothetical online discrete choice experiments (DCEs) and non-

hypothetical laboratory experimental auctions to analyze consumers’ WTP for landscape

plants, grown with or without neonicotinoid (also known as “neonic”) pesticides. As previ-

ously discussed, samples used for non-hypothetical experiments are often scrutinized for sam-

ple representativeness and hence generalizability. To address this concern, we recruited U.S.

consumers nationwide to participate in the online DCE. We tested the comparability of the

two samples. Specifically, both the online DCE and lab experiment used the same screening

questions (discussed in the Study Design and Methodology section) and the demographic

results were compared to U.S. gardener demographics [8]. Similarities across the data points

suggest sample representativeness was achieved in the experiments.

Given the increased consumer interest and demand for environmentally friendly produc-

tion practices, the second objective is to elicit consumers’ attitudes toward neonicotinoid pesti-

cides and pollinators (in general), as well as explore the differences in consumers’ WTP for

products with labels disclosing the absence or presence of neonicotinoids during production.

Despite increased media attention to neonicotinoids’ potential adverse effects on pollinators,

previous studies have shown that general public knowledge about neonicotinoid pesticides

remains low [9–11]. We further investigate the extent to which consumers’ attitudes toward

pollinator health and conservation, neonicotinoid labeling, and relevant regulations influence

their preferences by exploring the differences in WTP between various attitude-based dichoto-

mous groups. Exploring the relationship between consumers’ attitudes and behavioral out-

comes has been a key question in pro-environmental behavior (PEB) literature [12–21].

However, the majority of literature addressing this topic focuses on consumption choices

related to sustainable food labeling such as organic, which is frequently associated with

reduced environmental impacts (e.g., [22–25]). Nonetheless, implications for PEB with food

labeling, such as organic, are less clear-cut given that personal health concerns linked to poten-

tial residual pesticide exposure in non-organic products may also drive organic purchasing

behaviors [15]. Addressing PEB while reducing other factors that may impact choice is chal-

lenging but may be achieved through using products or services with the main benefit of use

being environmentally focused. For instance, neonicotinoid pesticide use in the ornamental

plant industry has potential environmental implications but does not directly impact human

health through consumption of the products (unlike organic food products).

Surprisingly, there are a minimal number of studies investigating non-food product prefer-

ences (such as ornamental plants) associated with sustainable production practices. Wollaeger

et al. [11] discussed ornamental plants grown and labeled with different pest management

practices. They concluded consumers valued “bee-friendly” the most, but likely discounted

products labeled “neonicotinoid-free.” Khachatryan et al. [26] showed that the pollinator-

friendly attribute along with other eco-labels (e.g., Certified Organic, Fresh from Florida) were

positively associated with consumers’ preference for ornamental plants. While Wollaeger et al.

[11] and Khachatryan et al. [26] considered the pollinator-friendly attribute in general (along

with other sustainable production practices), Wei et al. [10, 27] focused specifically on neoni-

cotinoid labeling. Using experimental auction data, they found consumers would pay a price

premium for plants with labels disclosing the absence of neonicotinoids but did not differenti-

ate information formats when a plant was grown with neonicotinoids. This paper and Wei

et al. [10, 27] belong to the same larger research project, so the methods are complementary

and part of the data related to the experimental auction are overlapping. However, in this

paper, we are particularly interested in investigating the attitude-PEB relationship through

exploring consumers’ attitudes and their consumption behavior toward pollinator-friendly

products. Meanwhile, testing the comparability between the online DCE and experimental
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auction samples also serves as a check for sample representativeness and consistency of find-

ings with Wei et al. [10, 27].

This study provides several contributions to the existing experimental economics literature.

First, we demonstrate that small sample size and location specificity do not necessarily result

in sample non-representativeness in laboratory or field experiments. Frequently, results drawn

from laboratory and field experiments are questioned for generality and conclusiveness due to

small sample sizes and concerns about sample representativeness. Using a topic with relatively

low consumer awareness (i.e., neonicotinoids), we show consistency in subjects’ demographic

characteristics and attitudes toward pollinators and neonicotinoids between two samples

drawn from two subject pools (e.g., national and local).

Secondly, we confirmed the WTP estimates differ across DCEs and second-price auctions.

Existing literature has shown (in most cases) non-hypothetical DCEs elicit higher WTP esti-

mates than the incentive-compatible experimental auctions (e.g. [7, 28, 29]). Lusk and Schroe-

der [7] and Gracia et al. [29] further showed that WTP estimates in second and n-th price

auctions are as much as two to three times lower than the valuations implied from the non-

hypothetical DCEs. Gracia et al. [29] found WTP estimates may also be attribute dependent.

They found in some cases, WTP for the transport animal welfare label from the experimental

auction was larger than those of non-hypothetical DCE. In our case, the large WTP disparity

between the two experiments were further amplified by the hypothetical nature of the online

DCE (more than ten times). The WTP gap can be decomposed into two major sources: differ-

ences in the experimental methods (DCE vs. second-price auction) and differences in the elici-

tation methods (stated-preference/hypothetical vs. real/non-hypothetical). After controlling

for comparability and consistency in sample demographics, attitudes, and the experimental

design in terms of the number of tasks, the complexity of attributes, and attribute levels, our

conjecture is that in this research the significant WTP gap may largely be attributed to hypo-

thetical bias in addition to the elicitation methods.

Lastly, we contribute to the attitude-behavior relationship in existing PEB literature. We

validated the relationship between consumer attitudes and non-food environmentally friendly

consumption decisions. By demonstrating a strong relationship between consumers’ positive

attitudes toward pollinator conservation, neonicotinoid labeling regulations, labeling content,

and purchasing intentions of neonicotinoid-free plants, this manuscript provides further

insights into the relationship between attributes and PEBs through a unique perspective on

PEB-driven consumption. Investigating a topic (neonicotinoid-free plants) that is directly

related to the environment and has limited other drivers (e.g., personal health benefits, etc.)

provides an opportunity to focus on purely PEB-driven consumption patterns. To date, this

research direction has yet to be explored.

Theoretical background and motivation

From the perspective of demand models and incentive compatibility, consumer preferences

for private goods using experimental auctions (e.g., second-price auctions) and DCEs should

be the same. Theoretically, both second-price auctions and DCEs are demand revealing and

should induce subjects to truthfully reveal their true preferences regardless of the elicitation

technique [30]. However, Horowitz [31] proved that experimental auctions are not always the-

oretically incentive-compatible. Individual subjects may underbid with respect to the domi-

nant strategy [32–34]. On the other hand, from a psychological or behavioral perspective,

preferences revealed in experimental auctions and DCEs may diverge due to biases and errors

in the decision-making process [35]. For example, the cognitive load (such as the number of
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choice tasks and number and complexity of attributes and attribute levels) may result in WTP

discrepancies across DCEs in different studies [28].

The general agreement on the existence of WTP differences has motivated many studies to

investigate why this occurs, how much the gap varies across different elicitation methods, and

to compare WTPs between hypothetical and incentivized experiments [7, 28, 29, 35–37] (for a

meta-analysis see [38, 39]). Particularly, Gracia et al. [29] found that differences in WTP

between incentivized n-th price auctions and DCEs are not only associated with individuals’

demographic characteristics but are also attribute dependent. In contrast, Grebitus et al. [35]

proposed that personality traits explain a significant portion of hypothetical bias in WTP esti-

mates elicited from second-price auctions and DCEs. Given these variances, the inclusion of

more than one study methodology serves to test the robustness and validity of the results.

Incorporating multiple methods is particularly important when investigating a product or

attribute that is less known in the marketplace (e.g., neonicotinoid-free plants).

In addition to methodological variances and differences based on standard demographic

characteristics, there is increased recognition of the importance of psychological factors such

as consumers’ perceptions and attitudes which affect choice decisions. This is a central compo-

nent of PEB research [13–21]. Existing studies demonstrated consumer attitudes are important

factors that drive PEB [12, 40–45]. For instance, Klöckner [46] determined that consumers’

intentions to act in an environmentally friendly way were directly predicted by “attitudes, per-

sonal and social norms, and perceived behavioral control.” Several experiments highlight con-

sumers’ environmental awareness and attitudes in the food industry positively impact their

consumption choices where foods with reduced environmental impacts are preferred (e.g. [23,

24]). Studies addressing attitudes and PEB consumption choices that have implications for

horticulture industry stakeholders are limited (e.g., [11]); yet, studies suggest similarities to the

PEB observed in the food industry. For example, Carrico, Fraser and Bazuin [12] discussed

that individual interests and social pressures positively predicted residential lawn fertilizer

usage, while environmental concerns did not. The researchers suggested that homeowners’

decisions involve making tradeoffs between aesthetics, environment, and personal health con-

cerns related to potential pesticide exposure. This suggests a similar pattern of attitude-behav-

ior occurs in the horticulture industry, but it has not been thoroughly addressed. For instance,

environmentally sensitive consumers may be more likely to take environmentalism into

account and purchase plants with limited exposure to pesticides.

Environment-related attitudes are central to PEB research focusing on food products, yet

studies addressing PEB in the horticulture industry are scarce. By incorporating attitude scales

into consumer preference experiments, this is one of the first interdisciplinary studies incorpo-

rating the two branches of literature to investigate how participants’ attitudes influence their

preferences for non-food consumption under different elicitation methods. Using neonicoti-

noids (a controversial type of systemic pesticide) in our experiments is of interest because neo-

nicotinoids have been reported to have negative environmental impacts (i.e., harmful for

pollinators) without consumption-related factors given the ornamental nature of the plants

[47, 48]. Another potential benefit related to increasing demand for pollinator-friendly plants

is that due to increasing urbanization, there is an opportunity to improve pollinator habitat

with sustainable landscape practices. For instance, 90 million U.S. households (78% of all U.S.

households) have yards, landscapes, or gardens that can be managed in a way to improve polli-

nator health [49, 50]. However, homeowners’ landscaping practices may be influenced by their

knowledge and attitudes toward neonicotinoids and pollinators (in general). Thus, investigat-

ing the link between attitudes and PEB in the neonicotinoid and ornamental plant context

helps provide information to encourage environmentally conscious consumption behavior

among U.S. homeowners.
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Study design and methodology

This study was approved by the University of Florida Institutional Review Board (approval

#201601783). The form of consenet was written. Two different experiments were administered

to address the research questions, including an in-person experimental auction (non-hypo-

thetical) and an online DCE (hypothetical). As aforementioned, the samples were recruited

from two population pools. Online DCE participants were recruited nationwide through a

professional survey platform, Qualtrics Inc. In contrast, participants in the experimental auc-

tion were recruited in Central Florida through flyers at local garden centers and advertise-

ments on the research center’s social media platforms. Participants in both samples were

screened and limited to individuals who were at least 18 years of age, lived in a home with a

yard, and had purchased ornamental plants in the past 12 months. In addition, participants

were required to sign an informed consent form before they could proceed to participate in

the survey. Both experiments used the same survey questionnaire. For the online DCE, partici-

pants answered questions about purchase behaviors, pollinator related attitudes, and percep-

tions of neonicotinoid pesticides and pollinator insects before the choice experiments. Auction

participants answered the purchase behavior questions before auctions and the attitudes and

perception questions after the auctions. Both experiments concluded with questions collecting

demographic information. Participants in the experimental auction received a 25-dollar incen-

tive or equivalent (the winner would receive 25 dollars minus the market price, i.e., the second

highest bid, and the winning product) to take part in the study. Participants in the online DCE

did not receive any monetary incentive but received online reward points distributed by soft-

ware platform and participant recruitment firm Qualtrics. To ensure the two samples were

consistent and the results from the two experiments were comparable, statistical significance

between the two samples was tested on participants’ observed demographic characteristics and

attitudes toward neonicotinoid pesticides and pollinators. Task structures were highly consis-

tent in both experiments. Non-price attributes and attribute levels were the same (Table 1).

Subjects in the experimental auctions made 14 bids, while subjects in DCEs made 16 choices.

The next section provides the sample statistics followed by a description of the major compo-

nents of the study.

Table 1. Attributes and attribute levels used in the discrete choice experiment and experimental auction.

Attribute Level 1 Level 2 Level 3 Level 4

Annual Bedding Plant Type Impatiens (other) Marigold Pentas ---

Perennial Plant Type Chrysanthemum Dianthus Salvia ---

Neonicotinoid Label Neonicotinoid Free

(text)

Bee Better Certified

(logo)

Treated with

Neonicotinoids

Protected from Problematic Pests by

Neonicotinoids

Container Type Conventional Plastic Bio-degradable --- ---

Annual Bedding Plant Pricea (4-inch

pot)

$1.15 $1.65 $2.49 $3.99

Perennial Plant Pricea (1-gallon pot) $5.99 $6.99 $8.49 $10.49

Note
a Price was determined based on local retail outlets’ prices (e.g., big box garden stores and independent garden centers) along with the USDA wholesale and retail price

information [51, 52]. Price information was provided in the discrete choice experiments. Price was not an attribute in the experimental auction where participants bid

the price they were willing to pay for each item in the auction experiment.

https://doi.org/10.1371/journal.pone.0251798.t001
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Participants recruitment and sample characterization

Seventy-five participants were recruited from central Florida for the in-person experimental

auction, and 420 respondents were recruited nationwide for the online DCE (Table 2). While

the online sample had a relatively balanced male-to-female gender ratio (41%), the in-person

Florida sample was more skewed toward females, with only 21% of the sample consisting of

male participants. Even though subjects were drawn from two different population pools

(Florida and the national population), the samples were reasonably consistent in their demo-

graphic characteristics and comparable with the exception of the aforementioned gender. Par-

ticipants’ mean age was 54 years old (SD = 14.8 in the online sample and SD = 15.9 in the

auction sample) in both experiments. Participants in the auction sample were slightly more

educated and had higher median household incomes, but the difference was not statistically

different between the two samples (Table 2). Participants reported a similar number of store

visits, but online participants reported much higher spending on plant purchases than the

Table 2. Descriptive summary statistics.

Variables Online Experimental Auction U.S. Population Estimatesa Florida Population Estimatesa

Number of participants 420 75 263,534,161b 17,719,854b

Male (%) 41% 21%�� 49% 48.9%

Age

Mean 54 54 - -

Median 57 58.5 38.5 42.4

Ethnicity (%)

White/Caucasian 87% 85% 75.0% 77.1%

African American 6.4% 5.8% 14.2% 17.6%

Hispanic 2.4% 4.3% 18.4%c 26.4%c

Asian 2.4% 1.4% 6.8% 3.7%

Native American 0.5% 0.0% 1.7% 0.8%

Pacific Islander 0.0% 0.7% 0.4% 0.2%

Other 1.4% 2.9% 5.5% 3.9%

Household income

Mean $62,000d $62,800d $92,324 $83,883

Median $50,000d $70,000d $65,712 $59,227

Household size (mean) 2.9 2.6 2.6 2.65

Education level (%)

High school / GED+ 98% 100% 89% 88%

Bachelor’s degree+ 40% 43% 33% 31%

Plant purchase behavior

Number of visits (mean) 7 7 - -

Amount spend per visit in USD (mean) $70 $36�� - -

Note
a 2019 American Community Survey 1-year Estimates for U.S. and Florida population respectively (United States Census Bureau).
b Estimates for population 16 years and over.
c The category of Hispanic may be of any race and includes other race categories.
d Household income is a categorical variable ranging 1–7. The corresponding income ranges for Categories 3 and 4 are $40,000-$59,999 and $60,000-$79,000,

respectively. The online DCE sample has median 3 and mean 3.59 and the experimental auction sample has median 4 and mean 3.64.

�� indicates significance between the variables of the two samples at the 5% significance level. Significance between continuous demographic characteristics (e.g., age,

household size) between the two samples was determined using pairwise t-tests. Wilcoxon rank-sum test was used to determine the significance for the categorical

variables (e.g., gender, ethnicity, education and income) between the two samples.

https://doi.org/10.1371/journal.pone.0251798.t002
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auction sample. This is because Florida tends to have lower retail prices than the national aver-

age as a primary Southeast production state [52]. Compared to the general U.S. and Florida

population statistics, our sample overrepresented older age individuals. However, the partici-

pants’ demographics are consistent with the core consumers for lawn and garden products

who are 45 years old and older with the age group of 55 to 64-year-olds reported the highest

spending on lawn and garden products [8]. Given the screening questions, this group was

likely overrepresented in both the in-person and online samples.

Products and attributes

Products were selected based on the highest sales values reported in the 2014 USDA NASS Sur-

vey and included three annual bedding plants (Impatiens, Marigold, and Pentas) and three

perennial plants (Dianthus, Chrysanthemum, and Salvia). Annual bedding plants were in

4-inch containers, while the perennial plants were in 1-gallon containers which coincides with

common sizes available in the marketplace. The plants were differentiated by two types of

environment-related attributes: labels communicating the absence or presence of neonicoti-

noids during production and labels describing the container types (biodegradable vs. conven-

tional plastic). Four types of neonicotinoid labels were included. Treated with Neonicotinoids
and Protected from Problematic Pests by Neonicotinoids (which is phrasing currently used by a

major U.S. gardening supply retailer) were used to communicate the presence of neonicoti-

noids. Meanwhile, Neonicotinoid Free (text) and Bee Better CertifiedTM (logo) were used to

communicate the absence of neonicotinoids during production (Table 1). The Bee Better Certi-
fiedTM logo was developed by an international nonprofit organization (the Xerces Society for

Invertebrate Conservation) to promote pollinator conservation in agriculture. To become Bee
Better CertifiedTM producers must commit to providing pollinator habitat while mitigating

negative impacts from pesticides, including not using neonicotinoids (detailed information

about Bee Better CertifiedTM Production Standards is available at https://beebettercertified.org/

docs). The experimental auction did not contain price information (explained shortly), but the

DCE had four price levels per annual/perennial plants ($1.15, $1.65, $2.49 and $3.99 for the

annual bedding plants; $5.99, $6.99, $8.49 and $10.49 for the perennial plants). Reference price

points used in the choice experiment were based on retail observations in central Florida along

with the USDA wholesale and retail price information [51, 52].

A fractional factorial design was designed in JMP Pro 13 to reduce the number of choices/

choice scenarios in the experimental auction and DCEs. For the experimental auction, 14

annual bedding plants (with D-efficiency of 93.42) and 14 perennial plants (with D-efficiency

of 92.25) with various combinations of attributes were used. For the online DCE, two blocks of

16 choice scenarios were separately constructed for the annual bedding plants (with a D-effi-

ciency of 95.04) and the perennial plants (with a D-efficiency of 95.54) with each block consist-

ing of eight choice scenarios.

Experimental auction

Prior to the experimental auction study, 75 participants were randomly allocated into 15 ses-

sions depending on their sign-up schedules. Upon arrival, participants signed an informed

consent agreement. They were then briefed on the experimental procedures for a second-price

auction (hereafter “SPA”). In each session, participants viewed images of the plants displayed

on a computer monitor, while simultaneously submitting their bids. Each participant bid on

14 annual bedding plants and 14 perennial plants (see A and B in Fig 1 for experimental auc-

tion scenario examples) differentiated by their production practices (e.g., whether or not neo-

nicotinoids were used). The SPA was non-hypothetical. At the end of each session, one annual
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and one perennial plant were randomly selected as the “winning items”. The auction winner

(i.e., the person who bid the highest price) in each session paid the second-highest price and

received the product. This method provides participants with an incentive to reveal their true

WTP [53–57]. Specifically, if a participant bid lower than his/her true WTP, s/he risked forgo-

ing a desirable purchase, while if s/he bid higher, s/he risked paying a price above the product’s

perceived value. A utility-maximizing participant in the auction should submit a bid equal to

his/her true WTP (i.e., truth telling is a weakly dominant strategy).

Discrete choice experiment

In the online DCE, survey respondents were randomly assigned to view one block of eight

annual bedding plants and one block of eight perennial plants after they agreed to the

informed consent form. As a reminder, there were two blocks of eight annual and eight peren-

nial plants. In total, participants made 16 hypothetical purchase choices. In each choice sce-

nario, survey respondents selected the product they preferred from one of three options: plant

A, plant B, or an opt-out option (i.e., I would not buy any of these plants).

Attitude-behavior association and measurements of attitudes

The same survey instrument accompanied the two experiments to collect additional informa-

tion on participants’ demographics, plant purchasing behaviors, and attitudes and perceptions

Fig 1. Representive examples of the experimental products. (A) Example of annual bedding plant auction item, (B) example of perennial plant auction item, (C)

example of annual bedding plants choice set, (D) example of perennial plants choice.

https://doi.org/10.1371/journal.pone.0251798.g001
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about neonicotinoid pesticides, pollinators, and labeling practices preferences. In PEB litera-

ture, it is common to use well-established scales, such as New Environmental Paradigm (NEP)

scale [58, 59] or environmental knowledge scale [60], to construct attitude measures. Mean-

while, as the importance of attitude-PEB association has been increasingly recognized, these

traditional measures have been supplanted and/or updated by newly developed instruments

seeking to measure for example, “ecological consciousness” [61] and “anthropocentrism versus

ecocentrism” [62]. Accordingly, we also developed scales to meet the needs of this specific

study even though these general scales might have some correlation with individual attitudes

toward pollinators and neonicotinoid pesticides. Scales were developed to address three broad

attitude categories, including: i) attitude toward neonicotinoid pesticides and pollinators, ii)

attitude toward regulation of labeling neonicotinoids, and iii) attitude toward the importance

of disclosing production methods on the label. These scales were built based on our previous

research, and were discussed with the local ornamental horticulture industry experts [63–66].

A full list of the questions and statements that were used to measure attitudes are available

in Table A1 in S1 Appendix. For example, the individual’s attitude toward neonicotinoid pesti-

cides and pollinators was assessed using six statements related to that topic, including “I am

concerned about the effects of neonicotinoid pesticides on pollinators.” For each statement

participants indicated their agreement or disagreement on a 1–7 rating scale where response

options were “strongly disagree = 1,” “disagree = 2,” “slightly disagree = 3,” “neither agree nor

disagree = 4,” “slightly agree = 5,” “agree = 6,” and “strongly agree = 7”. Attitudes toward the

regulation of labeling neonicotinoids were assessed by three statements. For example, using

the same rating scale (1–7), participants indicated their level of agreement with “The federal

government should require mandatory labeling of plants that are treated with neonicotinoid

pesticides.” Their attitudes toward the importance of information disclosed on labels was

based on their ratings of importance for five sustainable production practices. Specifically, par-

ticipants rated the importance of labels (using a 7-point Likert scale with 1 indicating very

unimportant and 7 very important) disclosing the following production method information:

a) pesticide free, b) neonicotinoid free; c) non-GMO/GMO free, d) certified organic, and e)

organically produced. It is worth noting that we purposely distinguished “certified organic”

and “organically produced” because they may be viewed differently by participants. “Certified

organic” was described as “the plants are certified as organically produced” by the USDA. On

the other hand, “Organically produced” was described as “the plants are produced in an

organic manner but are not certified organic.” Plants were mainly produced without using

chemical substances (no chemical pesticides, no commercial/chemical fertilizers, no chemical

herbicides, no preventative spraying).

From the complete list of statements and importance ratings, corrected item-total correla-

tions (Table A1 in S1 Appendix) and principal components analysis (Table A2 in S1 Appen-

dix) were used to refine the most relevant items and construct metrics quantifying

participants’ attitudes. The results are shown in Table 3. Participants’ attitudes toward neoni-

cotinoid pesticides and pollinators were measured using four statements. Considering equal

weights of the four statements, the means of the four statements (M = 5.37, SD = 1.06 for the

DCE,M = 5.19, SD = 1.11 for the SPA) were used to measure the participant’s overall attitude

toward neonicotinoids and pollinators. The Cronbach’s α is 0.66 for the online DCE sample,

slightly lower than the SPA sample (α = 0.79), but both are deemed as an acceptable level of

reliability according to Ursachi et al. [67]. Participants’ attitudes toward regulations of labeling

neonicotinoids were measured using two statements (α = 0.84,M = 5.99, SD = 1.26 for the

DCE, α = 0.92, M = 5.93, SD = 1.30 for the SPA). Lastly, five importance ratings were used to

measure participants’ attitudes toward the importance of information disclosed on labels (α =

0.89,M = 5.05, SD = 1.41 for the DCE, α = 0.90, M = 5.30, SD = 1.30 for the SPA). The
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Wilcoxon rank-sum test statistic indicates that participants’ attitudes toward pollinators, neo-

nicotinoid labeling regulations, and labeling sustainable production methods are fairly consis-

tent between the two samples. Participants in the online DCE sample were a little inconsistent

as they indicated slightly more concern about the effects of neonicotinoids on pollinators but

perceived disclosing producing without neonicotinoids as less important than the SPA partici-

pants. Online participants may view other factors that were not included in this study as hav-

ing a great impact (e.g., Colony Collapse Disorder, monoculture agriculture, loss of habitat,

etc.). It may be also caused by regional differences. What was viewed as important to Florida

participants may not be a national trend.

From these three attitude scales, four dichotomous groups were generated. Specifically,

using the three attitude scales (i.e., neonicotinoids and pollinators, regulation of labeling

Table 3. Descriptive statistics for attitude scale constructs.

Online DCE SPA

Mean (Std.

Dev.)

Mean (Std.

Dev.)

Attitude toward neonicotinoid pesticides and pollinatorsa

I am concerned about the effects of neonicotinoid pesticides on pollinators. 5.48 (1.45) 4.89�� (1.52)

We may face a pollination crisis where crop yields decrease because of fewer

pollinator insects.

5.73 (1.43) 5.69 (1.41)

Pollination is vitally important to terrestrial ecosystems and to crop production. 6.39 (1.15) 6.26 (1.05)

I would be willing to accept an increase in my annual taxes of $100 next year to

promote neonicotinoid-free pesticides.

3.98 (2.02) 3.83 (1.81)

Mean 5.37 (1.06) 5.19 (1.11)

Cronbach’s α 0.66 0.79

Attitude toward labeling neonicotinoidsa

The federal government should require mandatory labeling of plants that are

treated with neonicotinoid pesticides.

5.86 (1.46) 5.85 (1.42)

Neonicotinoid labeling should be mandatory, because consumers have a right to be

informed.

6.11 (1.24) 5.97 (1.31)

Mean 5.99 (1.26) 5.93 (1.30)

Cronbach’s α 0.84 0.92

Attitude toward the importance of production method disclosed on a labelb

Pesticide free 5.70 (1.67) 5.84 (1.41)

Neonicotinoid free 4.97 (1.60) 5.42�� (1.55)

Non-GMO/GMO free 4.83 (1.79) 4.79 (1.78)

Certified Organicc 4.87 (1.75) 5.30 (1.51)

Organically producedd 4.89 (1.69) 5.22 (1.54)

Mean 5.05 (1.41) 5.30 (1.30)

Cronbach’s α 0.89 0.90

a Participants indicated their level of agreement with the statements using a 7-point Likert scale where 1 = strongly

disagree and 7 = strongly agree.
b Participants indicated the level of importance of the information disclosed on the label using a 7-point Likert scale

where 1 = very unimportant and 7 = very important.
c “Certified organic” was described as “the plants are certified as organically produced” by the USDA.
d “Organically produced” was described as “the plants are produced in an organic manner but are not certified

organic.” Plants were mainly produced without using chemical substances (no chemical pesticides, no commercial/

chemical fertilizers, no chemical herbicides preventative spraying).

�� indicates significance between the variables of the two samples are statistically significant at the 5% significance

level. Significance between attitude scales in the two samples was determined using Wilcoxon rank-sum test.

https://doi.org/10.1371/journal.pone.0251798.t003
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neonicotinoids, and importance of disclosing production methods on the label), participants

were categorized into an agree or disagree group for the first two scales, and an important or

unimportant group based on the importance of information on the label. Participants were

categorized into the agree or important groups if their average rating across the relevant state-

ments/items was no less (�) than the mean rating. For example, when considering partici-

pants’ attitude toward pollinators, participants were categorized into the agreement group if

their average rating across the four items was greater than the mean attitude measure (i.e.,�

5.37) and categorized in the disagreement group if their average rating was less than the mean

(i.e., <5.37).

Further, the fourth dichotomous group was used to separate participants based on an over-

all PEB attitude score (Table 4). Participants’ overall attitudes were regarded as PEB if all three

individual attitude measures were equal to or larger than their corresponding sample mean.

Conversely, if any of the three individual attitude measures were smaller than the correspond-

ing sample mean, participants’ overall PEB attitudes were regarded as Non-PEB. In order to

measure the internal relationship among the three attitude constructs and the overall PEB

measure, we computed Pearson’s correlation coefficients for the three individual attitude mea-

sures and the overall PEB attitude measure (Table 4). Pearson’s correlation coefficients among

all attitude scales exhibited a strong, positive correlation for the online DCE sample. For the

SPA sample, correlation coefficients between Category 1 (i.e., attitude toward neonicotinoid

pesticides and pollinators) and the other two categories were slightly below 0.5, which were

deemed acceptable.

After the four dichotomous groups were defined, WTP estimates were computed for each

group. The WTP estimates were then compared (in the data analysis section) to assess i) how

they differed across the two elicitation methods and ii) deviated across the dichotomy groups.

Data analysis

Participants’ bids in the SPA study are summarized in Table 5. There were 216 zero bids (dis-

tributed across all 28 plants), accounting for about 10% of the total 2,100 bids. The average bid

was 2.57 dollars (SD = 2.07) for the 14 annual bedding plants (in 4-inch containers) and 3.86

dollars (SD = 2.62) for the 14 perennial plants (in 1-gallon containers). For the DCE, after

excluding 33% of the choices due to the selection of the opt-out option (i.e., those who chose

the “I would not buy any of these plants” option), the average price of the chosen item in the

online DCE was 2.11 dollars (SD = 0.98) for the annual bedding plants across the 16 choice

scenarios and 7.45 dollars (SD = 1.47) for the perennial plants across the 16 choice scenarios.

Despite the differences in experimental methods, the bids (in the SPAs) and prices of the cho-

sen item (for the DCE) for the annual bedding plants were consistent regardless of experimen-

tal method. In contrast, slightly larger discrepancies were observed between the bids and

prices for the perennial plants.

Table 4. Correlation matrix of the attitude measures.

Online DCE SPA

Variables 1 2 3 4 1 2 3 4

1. Attitude toward neonicotinoid pesticides and pollinators - -

2. Attitude toward labeling neonicotinoids 0.59 - 0.41 -

3. Attitude toward importance of disclosing production method on the label 0.62 0.90 - 0.41 0.93 -

4. Overall PEB attitude 0.88 0.75 0.68 - 0.78 0.70 0.65 -

https://doi.org/10.1371/journal.pone.0251798.t004
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A regression analysis was conducted to facilitate the comparison of WTP estimates for the

neonicotinoid labeling attributes across the different attitude groups. The auction data was

analyzed using random effects tobit models [68], while the online DCE data was analyzed

using mixed logit models [69] in STATA MP13.1. The tobit model was introduce by Tobin

[68] and is widely applied to analyze experimental auction data (e.g., [53, 55–57]). We assume

that a latent variable bid� exists and represents the participants’ true WTP for the product. The

latent variable is related to the observed bids as follows:

bidij ¼
0 if bid�ij � 0

xijβþ ci þ uij if bid�ij > 0
; ð1Þ

(

where bidij is the auction bid of consumer i for an ornamental plant j. xij is a vector of plant

attributes and individual characteristics that influence the consumer’s bidding price, ci is the

between-individual error term (i.e., individual-specific random effects varying across each

individual i but not plant j) and uij is the within-individual error term, which has a normal dis-

tribution with a zero mean and variance s2
u. Therefore, the mean WTP (i.e., E(bid|xij)) for a

unit change in variable xij can be consistently estimated as

WTPx ¼ N
� 1
PN
i¼1
fF½ðxijβ̂ þ cÞ=ŝu�g: ð2Þ

On the other hand, the mixed logit was developed by McFadden and Train [69] is com-

monly used by empirical researchers in DCE data analysis (e.g., [70–74]). Using the Random

Utility Model (RUM) approach, the utility associated an individual i choosing alternative j in
choice scenario t can be written as

Uijt ¼ bpricepriceijtþxijtβx þ εijt; ð3Þ

where βprice indicates the coefficient for the price of a plant in each option, and βx is a vector of

unknown parameters to be estimated for other attributes such as plant type, container type

and different types of neonic labels. εijt is assumed to be independent and identically

Table 5. Summary statistics of the bid and price attributes.

Experimental Auction Bid Valuea Online Choice Experiment Price Attributeb

Annual

Minimum $0.05 $1.15

Mean $2.57 (SD = 2.07) $2.11 (SD = 0.98)c

Medium $2.00 $1.65

Maximum $13.40 $3.99

Perennial

Minimum $0.25 $5.99

Mean $3.86 (SD = 2.62) $7.45 (SD = 1.47)c

Medium $3.50 $6.99

Maximum $16.00 $10.49

Notes
a Zero bids were excluded from consideration in this comparison.
b Reference price points used in the choice experiment were based on retail observations in central Florida along with

the USDA wholesale and retail price information [51, 52].
c Mean was calculated across chosen prices of Plant A or B options in each choice scenario. Observations (choosing

the opt-out option) were excluded from the calculations.

https://doi.org/10.1371/journal.pone.0251798.t005
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distributed with type I extreme value distribution. Therefore, in the mixed logit model, the

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

expressed as:

PðbiÞ ¼
Z

expðbpricepriceijt þ b
0

ixxijtÞ
PJ
j¼1

expðbpricepriceijt þ b
0

ixxijtÞ

 !

�ðb
0

ixjyÞdbx; for j ¼ 1; . . . ; J: ð4Þ

With repeated choices, we follow Revelt and Train [75] and compute the following proba-

bility of individual i’s observed sequence of choices as the product of standard logit formula

(4) conditional on βi,

LiðbiÞ ¼
Q
sPijði;tÞtðbiÞ ð5Þ

where j(i,t) is the alternative that person i chooses in scenario t.
Then the unconditional probability for the sequence of choices is

Liðy
�
Þ ¼

Z

PiðbiÞf ðbijy
�
Þdbi ð6Þ

where f(βi|θ�) is the density of βi with parameter θ�.
Based on the estimated coefficients, the mean WTP value for a unit change in attribute can

be calculated as the negative ratio of the mean estimated coefficient associated with the attri-

bute and the price coefficient

WTPx ¼ �
bx
bprice

: ð7Þ

WTP estimates results

The comparison of WTP estimates between the two different experiments and across the dif-

ferent attitude groups is summarized in Table 6. In general, the regression results show that

participants are willing to pay a higher price for neonicotinoid-free plants and the neonicoti-

noid-free logo (i.e., “Bee Better CertifiedTM” logo) is the most preferred option regardless of the

experimental method. Using “Protected from Problematic Pests by Neonicotinoids” as a base

group, the estimated WTP for participants in the experimental auction is about 25 cents more

for plants labeled with the “Neonicotinoid Free” text and 50 cents more for plants labeled with

the “Bee Better CertifiedTM” logo. Participants in the online DCE are willing to pay 2.93 dollars

more for plants labeled with the “Neonicotinoid Free” text, but as high as 6 dollars more for

plants with the “Bee Better CertifiedTM” logo, indicating a stronger preference for the logo dis-

closing the absence of neonicotinoids. Conversely, when observing labels disclosing the pres-

ence of neonicotinoids (i.e., Treated with neonicotinoid) the auction participants’ WTP bids

are not impacted (the coefficient is -0.10, but not statistically significant), but the online DCE

participants’ WTP is reduced 1.20 dollars when compared to the base group. Comparing WTP

across the two experiments methods, we identified a significant WTP gap. In contrast to [7]

who found that non-hypothetial SPA bids were about two times lower than the valuations

implied from the real DCE, the WTP estimate disparity in our non-hypothetical and hypothet-

ical setting is much larger.

The differentiated impact between attitude-based dichotomous groups on WTP for neoni-

cotinoid labeling is confirmed in this study. On average, participants with positive attitudes

toward pollinator conservation, neonicotinoid labeling regulations, and labeling content, as

well as stronger overall PEB attitudes, are willing to pay higher price premiums for plants with

labels indicating the absence of neonicotinoids relative to their counterparts. Online DCE
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participants in the PEB group are willing to pay 9.66 dollars more for plants labeled with the

“Neonicotinoid Free” text and 11.53 dollars more for plants labeled with the “Bee Better Certi-
fiedTM” logo. Auction participants in the PEB group are willingness to 75 cents more for plants

labeled with the “Neonicotinoid Free” text and 1.15 dollars more for plants labeled with the

Table 6. Willingness-to-pay estimates for important product attributes, by dichotomous groups.

Online Choice Experiment Experimental Auction

WTP (Mean) SE WTP (Mean) SE

Sample Total

Neonicotinoid-free text label 2.932 ��� 0.263 0.250 �� 0.079

Neonicotinoid-free logo 6.044 ��� 0.399 0.489 ��� 0.087

Neonicotinoid-treated text label -1.204 ��� 0.244 -0.099 0.085

Attitude toward pollinator: Agree Group

Neonicotinoid-free text label 6.815 ��� 0.781 0.516 ��� 0.122

Neonicotinoid-free logo 12.271 ��� 1.291 0.837 ��� 0.136

Neonicotinoid-treated text label -0.815 � 0.389 -0.075 0.128

Attitude toward pollinator: Disagree Group

Neonicotinoid -free label 1.351 ��� 0.246 -0.091 0.092

Neonicotinoid -free logo 3.721 ��� 0.336 0.051 0.099

Neonicotinoid -treated text label -1.009 ��� 0.225 -0.135 0.100

Attitude toward neonicotinoid regulation: Agree Group

Neonicotinoid -free label 5.224 ��� 0.541 0.512 ��� 0.115

Neonicotinoid -free logo 8.512 ��� 0.799 0.740 ��� 0.128

Neonicotinoid -treated text label -1.650 ��� 0.427 0.101 0.120

Attitude toward neonicotinoid regulation: Disagree Group

Neonicotinoid -free label 0.894 ��� 0.237 -0.177 � 0.089

Neonicotinoid -free logo 3.049 ��� 0.341 0.094 0.097

Neonicotinoid -treated text label -0.511 � 0.239 -0.095 0.098

Attitude toward labeling importance: Important Group

Neonicotinoid -free label 7.493 ��� 0.991 0.415 ��� 0.144

Neonicotinoid -free logo 13.155 ��� 1.624 0.740 ��� 0.158

Neonicotinoid -treated text label -1.134 � 0.475 -0.096 0.154

Attitude toward labeling importance: Unimportant Group

Neonicotinoid -free label 0.486 0.270 -0.173 0.095

Neonicotinoid -free logo 3.276 ��� 0.379 0.060 0.103

Neonicotinoid -treated text label -0.858 ��� 0.252 -0.090 0.104

Overall PEB attitude: PEB Group

Neonicotinoid -free label 9.657 ��� 1.494 0.750 ��� 0.205

Neonicotinoid -free logo 11.532 ��� 1.731 1.150 ��� 0.226

Neonicotinoid -treated text label -0.952 0.547 -0.067 0.218

Overall PEB attitude: Non-PEB Group

Neonicotinoid -free label 2.003 ��� 0.245 0.053 0.074

Neonicotinoid -free logo 5.048 ��� 0.375 0.233 �� 0.081

Neonicotinoid -treated text label -1.209 0.242 -0.115 0.080

Notes: Willingness-to-pay (WTP) estimates for online DCE sample were calculated based on coefficients from the mixed logit model. WTP estimates for the

experimental auction sample were calculated using a tobit model.
�

p<0.05.
��

< 0.01.
���

< 0.001.

https://doi.org/10.1371/journal.pone.0251798.t006
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“Bee Better CertifiedTM” logo. On the other hand, online DCE participants in the non-PEB

group are only willing to pay 2 dollars and 5 dollars more for plants labeled with the neonicoti-

noid free text and logo, respectively.

Discussion and conclusions

Concerning the potential impact of neonicotinoids on pollinator health, pro-environmental

groups have encouraged retailers to clearly label products treated with neonicotinoids

(US-EPA, 2013). However, public awareness of neonicotinoids among consumers remains low

[9–11] and the extent to which products treated with neonicotinoids will impact consumers’

preferences is unknown. Regardless of low public awareness, research has indicated that con-

sumers value pollinator conservation efforts [76–78]. The low consumer awareness of neoni-

cotinoids in a pro-pollinator market provides a unique opportunity to assess how consumers’

existing (yet frequently uninformed) attitudes influence their WTP with minimal external fac-

tors since pollinator-related attributes do not directly impact human health (unlike organic

food product studies). Given the low public awareness of neonicotinoids, the SPA results with

a small sample size are regarded more susceptible to sampling bias and more likely to be ques-

tioned. By showing the comparability between the local and national samples, we provide evi-

dence that the representativeness of a small sample can be improved through participant

screening and recruitment even for a less-known topic. The reliability and generalizability of

results derived from laboratory experiments with few data points should not be solely judged

based on a small sample size.

Consistent with previous studies examining the external validity of hypothetical experi-

ments (e.g. [36, 79]), our results suggest that both hypothetical and non-hypothetical experi-

ments are consistent in predicting the general direction of consumer preferences despite

differences in the elicitation mechanism. We also show WTP estimates differ significantly

across DCEs and SPAs, with DCEs providing higher premiums for labels disclosing the

absence of neonicotinoids regardless of the experimental setting. Previous studies investigating

the inconsistency of WTP estimates across incentive compatible auction- and choice-based

approaches found marginal WTP estimates from the DCE samples were about 2–3 times larger

than those from the experimental auctions [7, 29]. However, the WTP estimates in our online

DCE were further amplified due to the hypothetical nature of the mechanism (about 10 times

larger). Our results suggest that differences in WTP estimates could mainly be driven by the

hypothetical setting of the experiments in addition to the differences between experimental

methods (DCE vs. SPA). Nonetheless, it is also possible that subjects in SPA were not incentive

compatible and underbid the plants.

Our results also confirm the existence of a positive relationship between attitudes and an

individual’s PEB (i.e., purchasing pollinator friendly ornamental plants). For participants with

positive attitudes toward pollinators, they are generally willing to pay higher prices for plants

that are not treated with neonic pesticides. This result is in line with other empirical studies

which show that attitude is positively linked with environmentally friendly product consump-

tion decisions, such as organic foods [80, 81] and environmentally friendly products in general

[82, 83]. However, this relationship is weakened in the non-hypothetical SPA where real

money is exchanged. The online survey respondents in a hypothetical purchase setting indicate

much higher WTP estimates for ornamental plants labeled with the neonicotinoid-free text or

logo compared to auction participants who were obligated to purchase a plant if they won the

auction. Because of this non-binding condition, participants in the online DCE experiment

could have over-stated the importance of not using neonicotinoids in their choices. This ten-

dency is particularly evident for the positive attitude group in the online study.
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There are several limitations to this study. Even though SPAs are incentivized, participants’

WTP may still deviate from their true preferences. Many empirical studies have shown that

auction subjects tend to underbid with respect to the dominant strategy (see for example, [28,

33, 34, 84, 85]). Horowitz [31] proved that SPAs are not incentive compatible when subjects

have non-standard expected utility functions. Participants may also fail to identify the optimal

strategy and bid accordingly due to the experimental design [28]. Additionally, actual retail

data from real retail settings was not available. Future studies may combine real purchase data

with experimental data to determine a complete relationship of WTP and neonicotinoid pesti-

cide use in production. Currently, the labeling of neonicotinoids on products is very limited;

but, if neonicotinoid labeling becomes more prevalent (or mandatory) real purchasing data

could be used to supplement and test the robustness of this study’s findings.
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