Exploring consumer preferences for cannabis vaping products to support public health policy: A discrete choice experiment
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Relative preferences for attributes of cannabis product purchases: 
A protocol for a discrete choice experiment
With the passage of The Cannabis Act, recreational use of cannabis has been legal in Canada since October 2018 and edible cannabis since October 2019 (Cannabis Act, 2018). The goal of the Act was to protect public health and safety by allowing adults access to legal cannabis; keep cannabis out of the hands of youth; and keep profits out of the pockets of criminals 2,3. It is estimated, however, that about 60-70% of all cannabis purchased is still through black market retailers 4,5. Although there has been speculation in the media around the reasons for the slow uptake in purchasing from legal sources, there has been little research done in this area 6–9.
Media sources have suggested that price, limited supply and insufficient retail outlets are the main factors at play, among other reasons (including poor cannabis quality and inconvenient packaging) 6–9. At almost two years post-legalization, the legal supply chain has become well-established and more retail storefronts have opened. However, little is still known about the impacts of the legal cannabis market on product buying preferences.
Our own systematic review10 of the literature into attributes of cannabis purchase choice identified a lack of rigorous evidence in this area, with the exception of research on the impact of cannabis prices. Studies that examine other attributes still focus on the dried flower product type as this is the most common method of consumption, with 84% of users in the 2019 Canadian Cannabis Survey having reported using it in this way 11. There is far less data on purchasing preferences for oils or vaping liquids. Edible, topical, and certain other products were not available legally until October 2019, and our understanding of how and why people purchase these products is even more limited. Very few of these studies were conducted in the context of Canada post-legalization.   

This protocol outlines the design of a discrete choice experiment (DCE) to explore preferences for attributes for dried flower, edibles, vaping liquids, and the customer experience. A DCE is a choice modelling technique is based on multi-attribute utility theory. This theory states that when people make choices, they do so by making trade-offs of the various attributes that are important for making that choice (e.g., cost, quality, accessibility) 12. A DCE presents respondents with a series of hypothetical choice tasks. Analysis of the participant selections allows us to calculate the weight, or relative importance, of each attribute in that choice. In turn we can also calculate how much of one attribute people are willing to trade off for another 13. 
A thorough knowledge of what drives consumer preferences for cannabis and understanding how people make trade-offs is an important step towards refining cannabis policy in Canada. Policies need to be designed so that cannabis is produced and sold in a way that meets the needs of Canadian consumers while protecting their health and safety, thus realizing the ultimate goals of the Cannabis Act 2. 
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Study Design

This DCE was designed following the general framework for good research practices as outlined by the International Society for Pharmacoeconomics and Outcomes Research.13 The survey included four unique choice based conjoint (CBC) questions focusing on three product types (dried flower, vaping liquid and edibles), and the retail location. Additional questions included demographic and cannabis use history questions. Consultations with cannabis industry stakeholders (retailer, producer, regulator and consumer) were conducted to ensure we were capturing the most relevant attributes. The survey was then pilot tested with members of our advisory panels for comprehension, technical ease, and length.
Choice Based Conjoint Questions

Data from earlier phases of this research10,14 were used to select the attributes and levels used in each of the choice-based conjoint (CBC) questions (Tables 1-4). Within the choice task for dried flower cannabis, images of package types were also provided to help respondents understand what was meant by package descriptors (Figure 1). As advised by best practices13, CBC questions were limited to between 6-8 attributes in order to prevent responder burden. Respondents may neglect to consider certain attributes when tasked with decisions involving larger numbers of factors. With this in mind, attributes for each CBC question were narrowed down to include those most significant to Canadian cannabis policy. For example, qualitative research identified cannabis strain or terpene profiles as important to consumers when choosing dried flower products.14 However, both licensed and unlicensed markets offer comparable selection in terms of varieties of cannabis strains and terpenes, as there are no regulations restricting the sales of certain strains or terpenes. As such, these attributes were not included in the CBC question design. 
One-on-one consultations were conducted with cannabis industry stakeholders prior to piloting the survey in order to ensure that each question was both relevant and feasible.  Industry stakeholders included a retailer, a producer and a regulator.




Table 1. Attributes and Levels for 3.5 grams of Dried Flower
	Attribute
	Levels

	Price
	$20, $30, $40, $50

	Packaging
	Plastic jar
Mylar bag
Tin
Pre-Roll
Glass

	Moisture
	Low: Cannabis is dry and crumbles when broken up
Medium: Cannabis breaks up easily but does not crumble

	Potency
	10 – 14.9% THC
15 – 19.9% THC
20 – 24.9% THC
25%+ THC

	Product Recommendation
	Recommended by person selling it
Recommended by Family or Friend 
Recommended in online reviews
Self-selected without input from others

	Package Information
	No info on the package
Basic: Producer, Amount of THC/CBD, not strain specific
Detailed: Producer, Amount of THC/CBD, Strain, harvest/package dates, Growth and Supply Chain Info 

	Regulated by Health Canada
	Yes
No
Unknown



Figure 1. Images of Package Types Presented in Survey
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Table 2. Attributes and Levels for a Package of Edible Cannabis
	Attribute
	Levels

	Type of Edible
	A Candy (e.g. chocolate bar, gummy, mint)
A Baked Product (e.g. brownie, cookie, granola bar)
A Savory Product (e.g. pretzels, trail mix)

	Price for Package
	$5, $10, $15

	Amount of TCH per Package
	5 mg
10 mg
50 mg
100 mg

	Cannabis Taste
	Strong cannabis taste
Mild cannabis taste
No cannabis taste

	Package Information
	No info on the package
Basic: Producer, Amount of THC and/or CBD in milligrams, nutritional information
Detailed: Producer, Amount of THC and/or CBD in milligrams, nutritional information, strain, terpenes, growth and supply Chain Info 

	Consistency of THC across servings
	Unknown
Exactly the same

	Product Recommendation
	Recommended by person selling
Recommended by Family or Friend 
Recommended in online reviews
Self-selected without input from others

	Regulated by Health Canada
	Yes
No
Unknown





Table 3. Attributes and Levels for Vaping Liquid or Cartridge
	Attribute
	Levels

	Type of Device
	Pre-filled Cartridge
Disposable pen

	Price
	$30, $40, $50, $60

	Amount of TCH
	70%
80%
90%

	Contents
	Full spectrum with cannabis taste and terpenes
Distillate with no cannabis taste or terpenes
Distillate with non-cannabis flavors (e.g. fruit)

	Product Recommendation
	Recommended by person selling it
Recommended by Family or Friend 
Recommended in online reviews
Self-selected without input from others

	Regulated by Health Canada
	Yes
No
Unknown



Table 4. Customer Experience
	Attribute
	Levels

	Prices
	Product discounts available
Products offered at regular prices

	Product Information Available
	-Only what is on the package
-Some additional information about the product
-Extensive information in each product such as terpene levels, grower and supply chain information

	Customer Service
	-I can get all of my questions answered and can receive help selecting my products
-No one is available to answer questions of help select a product

	Proximity
	Within walking distance
Store within a 15 minute drive
Store within a 30 minute drive
Online purchase with home delivery

	Product Variety
	Limited product selection
Wide product selection

	Store is provincially regulated
	Yes
No
Unknown



Each CBC question was prefaced by a vignette to frame the choice the participant was asked to make. Sample choice tasks with vignettes can be found in Figures 2-5.

Figure 2. Dried Flower Sample Choice Task
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Figure 3. Edible Cannabis Sample Choice Task
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Figure 4. Vape Product Sample Choice Task
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Figure 5. Customer Experience Sample Choice Task
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Experimental Design

Each CBC question consisted of two unlabelled alternatives, allowing each combination of attribute levels to only be described using arbitrary titles (e.g. Option A).15 Respondents were prompted to choose one of the options as they were not offered the choice to select “neither”. 

A D-efficient fractional factorial design was adopted to allow for the widest range of choice sets, as full factorial designs were not feasible. Number of choice tasks for each CBC was determined by assessing the standard error and ensuring it was below the 0.05 threshold. As a result, eight choice tasks were included for dried flower, vapes and edibles and six choice tasks for retailer. For each CBC question, a total of 300 versions was generated using the Sawtooth software (Orem, UT; Version 9).16  Participants were randomized to one of the 300 versions.
[bookmark: _Toc327437437]Study Sample and Elicitation Method

To be eligible to participate, respondents had to live in Canada, be at least 19 years of age, and have purchased cannabis within the last 12 months. All eligible participants were given the DCE question that focused on retailer attributes. Participants were given the DCE questions on dried flower, vape and edible cannabis only if they purchased that specific product type within the last 12 months. As a result, not everyone would complete all DCE questions. However, we decerned that completing all four DCE questions for those who did qualify for all four would be too burdensome. To account for this burden, we had those participants complete only two of the three product DCE questions. The specific questions they were given was based on which questions had lower numbers of responses.   

An online research company (Angus Reid) used email solicitation to recruit a representative sample. Only data from respondents who completed the full survey were included in the analysis. 

Rules of thumb are often used to estimate appropriate sample size DCEs17–19. For example, one such rule of thumb is including a minimum of 10 observations for each independent variable 20. With four CBC questions we had to ensure a sufficient sample for the CBC with the most parameters. The dried flower CBC included 22 parameters from the included attributes (one for cost, and one for each of the levels of the other attributes) plus three stratification variables, for a total of 25 parameters and minimum sample of 250. We wanted to be able also run subgroup analysis based on geographic regions or cannabis retail model (public, private or hybrid). To be able to run sub-group analyses by cannabis retail model (private, public, hybrid), we aimed for 200 respondents from each of British Columbia, Alberta, Ontario and Quebec, 175 from Newfoundland and Labrador, 300 for Nova Scotia, New Brunswick, and Prince Edward Island combined, and 300 from Manitoba and Saskatchewan combined. While 200 from each province was initially planned, due to limited sample in some regions these strategic sample groupings were used. Sample from the territories was limited to 10 and only able to be included in analyses of the whole sample.  
Statistical analysis 

Descriptive statistics were used to examine sample characteristics. CBC data analysis was conducted using  Sawtooth (Lighthouse Studio) software and consisted of a counts analysis and two regression models, a multinomial logit (MNL) model and a latent class model. The counts analysis determined the proportion of times that a specific attribute level was selected by survey respondents, in order to establish if that attribute level was dominant over the others. Chi-squared tests were used to assess if the selection rates of different levels within an attribute were significantly different from one another. Chi-squared tests were also used to calculate and test two-way interaction effects.   

The base analysis was conducted using the MNL model to calculate average preferences across the sample. The data for each attribute were effects coded with the exception of cost, where continuous coding was used so that interpretable willingness to pay (WTP) values could be calculated. Potency for dried flower and vapes were also presented on a linear scale; however, the attribute was effects coded to allow for relaxation of the linearity assumption and to test for non-linearity. Odds ratios were calculated with the least favourable level from each attribute serving as a reference point. WTP values were determined by estimating the marginal rate of substitution by taking the ratio of two coefficients, using the linear cost estimate for the comparison attribute. 

Finally, a latent class model was used to explore potential sub-groups of preferences within the sample population. The model was set to estimate between two and five groups, with a maximum number of iterations set to 100 and a convergence limit for log likelihood set at 0.01. The number of segments with the best fit was determined by selecting the solution with the lowest CAIC (Consistent Akaike Information Criterion) and BIC (Bayesian Information Criterion) values. Differences in participant characteristics between groups were identified using segment membership probabilities estimated by Sawtooth. Chi-squared tests were used to assess the significance of differences in participant characteristics between groups. Ternary diagrams were employed to illustrate class enrollment probabilities using the ggtern (v3.3.5)21 and ggplot2 (v3.3.5)22 packages in R (v4.0.3)23. Ternary diagrams are used to represent three-dimensional coordinate systems within a two-dimensional space.
Limitations and mitigations strategies
Ordering effect, hypothetical bias and framing effect are inherent limitation for DCE methodology 13. Strategies to mitigate against these were: 
· Ordering Effect: is the potential for choice task order to influence choice outcomes. For example, paying less attention to later choice tasks. Different versions of the survey were generated and choice tasks were randomly varied across all versions to minimize the ordering effect. 
· Hypothetical bias: is bias may be introduced due to the fact that participants are making hypothetical choices based on scenarios rather than real choices. In this survey we only surveyed individuals with experience purchasing cannabis and presented them with realistic scenarios and used attributes that would be familiar to any cannabis consumer thereby minimizing hypothetical bias. Additionally, when setting up the choice tasks, some variables were held constant to help form realistic alternatives, for example cannabis strain (i.e. sativa, indica) and product quantity.
· Framing effect: refers to the impact that scenario and attribute descriptions may have on choice. Specifically, if positive or negative framing us used. We minimized this by providing additional information and visual aid for the attribute describing packaging, attribute descriptors and levels were also simplified and did not contain any complex concepts or positive of negative connotations. 
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