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Abstract

Background: Consumers’ access to cannabis has been considerably expanded in US states
where recreational cannabis was legalized and commercialized. However, little is known about the
important factors influencing consumers’ purchase decisions in cannabis retail dispensaries. This
study examined cannabis users’ perceptions of the relative importance of policy-relevant factors
when they made cannabis purchase decisions.

Methods: An online survey was administered to 817 adult cannabis users in seven states in the
US (California, Colorado, Maine, Massachusetts, Nevada, Oregon, and Washington) that had
approved cannabis commercialization by the time of interview in January 2018. Twenty policy-
relevant cannabis attributes were evaluated, including those pertaining to product characteristics,
quality, package characteristics, price and free sample, store characteristics, and restrictions on
use. A best-worst scaling experiment was employed, which asked respondents to select the most
and the least important attributes in a choice scenario. Each respondent answered 10 choice
scenarios, each including a random combination of four attributes out of the 20. The relative
importance of each attribute was evaluated using hierarchical Bayesian estimation of mixed logit
models.

Results: Overall, ‘quality’, * strain type’, * price’, * THC (tetrahydrocannabinol) and ‘ pesticide’
were the top five important attributes affecting cannabis users’ willingness to buy cannabis in a
dispensary. These five attributes jointly accounted for approximately half of the total importance.
In subsample analysis, both recreational and dual-purpose users attached higher importance to
‘quality’, * THC , and ‘price’, whereas medical users tended to think * CBD’ (cannabidiol) and
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‘ pesticide’ were more important. All cannabis users perceived ‘package’ to be the least important
attribute. Gender had no major differences in perceptions.

Conclusions: Cannabis users in general perceived product characteristics, quality, and price to
be important factors in their willingness to buy cannabis in dispensaries. There were
heterogeneities in the perceptions by cannabis use purposes. The findings might deserve
consideration in cannabis policy design.

Keywords

Best-worst scaling; Recreational Cannabis; Behavioral Economics; Consumer Preferences;
Cannabis Legalization

1. Introduction

Cannabis legalization has been gaining momentum in the world in the past decade. Uruguay
and Canada have approved country-wide recreational cannabis use and commercialization.
In the US, since 2012, 11 states and Washington DC have legalized recreational use of
cannabis. Among these jurisdictions, nine further approved retail sales. (NCSL, 2018) By
February 2020, Alaska, California, Colorado, Illinois, Massachusetts, Michigan, Nevada,
Oregon, and Washington had licensed dispensaries to provide legal supply of cannabis to
adults aged 21 years or older.

Legal retail markets of cannabis in the US have expanded rapidly. In Colorado, annual sales
of cannabis increased from $683 million in 2014 to $1,545 million in 2018 (CDOR, 2019),
and the number of licensed dispensaries grew by nearly 400% during 2014-2017 (Orens,
Light, Lewandowski, Rowberry, & Saloga, 2018). In Washington, annual retail sales
increased from $259 million in 2015 to $1,371 million in 2017. (WSLCB, 2019) In
California, over 600 dispensaries were licensed and in operation in 2019 (BCC, 2019); the
annual sales were $2.5 billion in 2018 and anticipated to be $3.1 billion in 2019 (Mcgreevy,
2019). Cannabis flowers are dominating the retail sales, accounting for two-thirds of the
legal market share. (Orens, et al., 2018; Smart, Caulkins, Kilmer, Davenport, & Midgette,
2017)

The existing regulatory frameworks for cannabis retail sales in the US were largely relied
upon lessons learned from tobacco and alcohol control (Pacula, Kilmer, Wagenaar,
Chaloupka, & Caulkins, 2014), including policies limiting potency, ensuring product safety
and quality, regulating packaging and labeling, collecting tax, restricting access and
availability, and banning public use. Nonetheless, existing research on the impacts of
recreational cannabis legalization is just emerging and almost all focused on binary
indicators of passing or implementing the laws. (Aydelotte, et al., 2017; Cerda, et al., 2017;
Hansen, Miller, & Weber, 2018; Kerr, Bae, Phibbs, & Kern, 2017; Shi & Liang, 2020; Shi,
Liang, et al., 2019) The empirical evidence using observational data to evaluate the impacts
of specific strategies regulating retail sales is scanty. Only one study in Denver, Colorado
examined density of cannabis dispensaries and cannabis-related crime rates and found a
positive association. (Freisthler, Gaidus, Tam, Ponicki, & Gruenewald, 2017)
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The lack of knowledge on how responsive consumers might be to specific cannabis policies
significantly hinders evidence-based policy design. While more empirical research is
warranted, data unavailability remains a major challenge. Repeated cross-sectional or
longitudinal observational data that are often used for cannabis policy impact evaluation,
such as large-scale population surveys and healthcare utilization records, are mostly
unavailable at this moment because commercialization was initiated just recently, and data
release often has delays. Another challenge is the multicollinearity of multiple cannabis
policy strategies, which were usually implemented simultaneously in a state. Further,
ecological studies with population data cannot infer causality at individual level. (Caputi &
Sabet, 2018; Harris, Humphreys, & Finney, 2015)

To address these limitations, in this study we collected primary survey data using Best-Worst
Scaling (BWS, also referred as maximum difference scaling) experiment, a stated
preferences technique for choice modeling. (Flynn, Louviere, Peters, & Coast, 2007;
Louviere, Lings, Islam, Gudergan, & Flynn, 2013). The core concept of BWS is to elicit
respondents’ tradeoffs between paired attributes. In a BWS task, respondents are shown a
random subset of attributes from a master list and asked to indicate the most important and
the least important attributes out of the subset. By systematically repeating BWS tasks
multiple times, we will be able to estimate the relative importance of each attribute perceived
by individuals.

BWS has several advantages over observational data or revealed preferences data. Because
the choice scenarios are hypothetical, it can incorporate hypothetical attributes or attributes
lacking observational data. It can overcome multicollinearity by showing a limited subset of
attributes to respondents each time and repeating this practice multiple times. It can derive
strong causal inferences at individual level by exploiting variations in choices made by the
same individual in a controlled setting. Compared to traditional ranking methods that ask
respondents to rank order the full set of attributes at once or rate the attributes with rating
scales (e.g., Likert scales), BWS also considerably reduces cognitive burden, forces a
discriminating choice, and addresses scaler inequivalence caused by differences in response
styles. (Erdem, Rigby, & Wossink, 2012; Flynn, et al., 2007) BWS further has advantages
over other stated preferences techniques that have been used in cannabis research. For
example, some studies randomly presented products with varying levels of a single attribute
(Leos-Toro, Fong, Meyer, & Hammond, 2019, 2020) or a limited number of attributes
(Goodman, Leos-Toro, & Hammond, 2019; Mutti-Packer, Collyer, & Hodgins, 2018; Shi,
Cao, Shang, & Pacula, 2019) such as packages, warning messages, labeling, and asked
respondents’ perceptions and intention to use on each type of cannabis product. Other
studies used simulated purchase tasks to elicit respondents’ hypothetical demand for a
cannabis product with escalated price levels. (Aston & Meshesha, 2020) Although these
studies shared the strengths of hypothetical attributes and settings and individual-level
causality, they were limited by the number of attributes that can be simultaneously
estimated. BWS allows us to estimate the relative importance of a long list of attributes. It is
especially suitable when decisionmakers consider prioritizing only a few attributes out of a
large number of candidates. Despite its wide adoption in healthcare research, (Flynn, et al.,
2007) however, BWS’s application to drug use research is almost nonexistent.

Int J Drug Policy. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhu et al. Page 4

This study is the first implementation of BWS experiment to elicit cannabis users’ perceived
importance of a wide range of cannabis attributes in consumers’ purchase decisions. We
examined as many as 20 key attributes that are relevant and critical to cannabis retail sale
regulation, including those pertaining to product characteristics, quality, package
characteristics, price and free sample, store characteristics, and restrictions on use. Most of
these attributes were examined for the first time in this study. Because medical and
recreational use of cannabis have different implications to policymaking, the evaluations
were also conducted in subsamples categorized by cannabis use purposes. We also
conducted evaluations by gender, whose purchase preferences may have heterogeneities as
we commonly see on other products. (Croson & Gneezy, 2009; Meyers-Levy & Loken,
2015) The findings are expected to inform policy design regarding consumers’ potential
responsiveness to various cannabis regulatory strategies that aim to control or modify these
attributes. The estimation on the relative importance of each attribute will facilitate
policymaking in terms of prioritizing policy measures when resources are limited. The
subsample analysis by cannabis use purposes will also provide options for heterogeneous
policy design if policymakers intend to impact recreational and medical users differentially.

2. Methods

2.1. Data source and study sample

An online survey with BWS experiment was conducted in January 2018. We recruited a
convenience sample of cannabis users through Qualtrics, a marketing company partnering
with online panel providers to provide access to millions of US adult panelists. To be
eligible to participate in the survey, respondents must 1) be residing in one of the seven
states (California, Colorado, Maine, Massachusetts, Nevada, Oregon, and Washington) that
had legalized recreational cannabis and approved retail sales before the survey was
conducted; 2) be 21 years or older, passing the age limit for legal purchase of recreational
cannabis;3) have used cannabis at least once in the past 12 months. The survey was
implemented with Qualtrics online survey software, lasting 15 minutes on average. A series
of measures were adopted to improve data quality, including 1) digital identification
technology to avoid repeated participation, 2) removal of respondents who completed the
survey within a minimum duration threshold, 3) removal of respondents who failed attention
check questions. A total of 817 cannabis users entered the final analysis. The University of
California San Diego Human Research Protections Program approved this study (IRB #
161479).

2.2. Best-Worst Scaling experiment design

The core component of the survey was BWS tasks on cannabis attributes. To develop BWS
tasks, we first developed a long master list of cannabis attributes (Table 1). As shown in
Figure S1, we selected not only intrinsic attributes (product characteristics, quality, and
package characteristics) but also extrinsic attributes (price and free sample, store
characteristics, and restrictions on use). Intrinsic attributes relate to the function of a product,
thus the changes of intrinsic attributes directly alter the product. Extrinsic attributes are not
directly related to the product but are relevant to the contextual environment of purchase or
use. (Enneking, Neumann, & Henneberg, 2007) The final master list contained 20 attributes
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(12 intrinsic attributes and 8 extrinsic attributes) with detailed descriptions in Table 1. It
covered a wide range of factors that may influence consumers’ cannabis purchase decisions.
Most of the factors are modifiable by existing or potential cannabis policies.

We then randomly drew four attributes out of the master list of 20 attributes to compose a
BWS task. Because the total number of possible BWS tasks with four attributes in each is

enormous (C§0 =4, 845), it is unlikely for a respondent to complete all the possible tasks in a

single survey. We thus used the balanced block design to reduce cognitive burden. (Reed
Johnson, et al., 2013) Using SAS JMP software for conjoint analysis (\Version 13), we
randomly selected 40 BWS tasks and divided them into four blocks (blocking), with each
attribute appearing equally often in a block (balanced). A respondent was randomly assigned
to one block of 10 BWS tasks, each of which asked the respondent to select the most
important and the least important attributes when making a purchase decision on cannabis
flowers in a legal cannabis retail dispensary. Cannabis flowers accounted for two thirds of
the sales in legal market in the US. (Orens, et al., 2018; Smart, et al., 2017) Although
concentrates and edibles were increasingly popular in recent years, (Smart, et al., 2017) they
were not considered in this study because attributes associated with flowers may be
inapplicable to concentrates or edibles and vice versa. We instructed the respondents to
imagine the purchase of standard 1/8™ ounce flowers (approximately 3.5 grams), the most
popular sale unit in legal market, (Smart, et al., 2017) in a legal retail dispensary. An
example of BWS task is illustrated in Figure S2.

Individual characteristics

In addition to the BWS experiment, the online survey also asked questions about cannabis
use behaviors and sociodemographic characteristics. Cannabis use behaviors included age of
cannabis initiation, current use status (whether using cannabis in the past 30 days), frequent
use status (whether using cannabis at least 20 days in the past 30 days), and ever obtaining
cannabis in a legal dispensary. Sociodemographic characteristics included gender, age, race/
ethnicity, education, household income, employment status, past-month cigarette smoking
status, past-month binge drinking status (5 drinks or more in a single occasion), and state of
residence.

We also asked about purposes of cannabis use. Specifically, based on responses to the
question “was it primarily for medical reasons to treat or decrease symptoms of a health
condition, or was it primarily for recreational reasons to get pleasure or satisfaction” when
using cannabis, the respondents were classified as recreational users if the response was
“primarily for recreational reasons”, as medical users if the response was “primarily for
medical reasons”, and as dual-purpose users if the response was “for both medical and
recreational reasons”.

2.4. Statistical analyses

The sample characteristics were provided for the full sample as well as subsamples by
cannabis use purposes and gender.

Int J Drug Policy. Author manuscript; available in PMC 2022 May 01.
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To describe the importance of the 20 attributes, following previous research, (Auger,
Devinney, & Louviere, 2007; Lagerkvist, 2013) we started with computing the simple
difference in BWS scores, which was done by counting the times each attribute was selected
as the most important attribute and the times it was selected as the least important attribute
without any statistical adjustment. Specifically, in each BWS task, we assigned +1 score to
the attribute that was chosen as the most important, —1 score to the attribute that was chosen
as the least important, and 0 score to the remaining two attributes. For each attribute, we
aggregated the assigned scores across all the tasks and all the respondents, with a greater
positive sum score indicating a higher importance attached to the attribute. We then rank
ordered the 20 attributes by their sum scores to determine the order of the perceived
importance of each attribute. This approach was suggested to be a close approximation of
the estimations from regression analysis. (Marley & Louviere, 2005) The analysis was
conducted in the full sample as well as subsamples by cannabis use purposes and gender.

We then conducted hierarchical Bayesian mixed logit models to statistically estimate the
relative importance of the 20 attributes. The models were based on Random Utility theory of
decision making that was developed by Thurstone (Thurstone, 1927), generalized by
McFadden (Daniel McFadden, 1973), and widely used in healthcare research (Flynn, et al.,
2007). The theory assumes that each attribute has a value on the latent utility scale, thus the
choice of a given pair (the most important and the least important attributes) maximizes the
utility difference in a BWS task. (Erdem, et al., 2012)

As cannabis users may differ in characteristics and preferences, we used mixed logit models
(also called random parameter logit models) to allow the heterogeneity of the allocated
importance across individuals. (D. McFadden & Train, 2000) Hierarchical Bayesian
simulation method was used to estimate the probability distribution of the parameters.
Because a reference location must be defined in logit models, we set the mean of the
parameter of * THC (Tetrahydrocannabinol) to be 0 with a 0 variance. The estimations for
the remaining parameters were then relative to * 7HC'. A positive estimated parameter of an
attribute suggested that this attribute was more important than * 74/C’ and a negative
estimated parameter suggested that the associated attribute was less important than * 7THC'.
To ease interpretation, we also rescaled the estimated parameter mean to 0-100, such that
the sum of the rescaled scores was 100. (Hendriks, et al., 2018) A rescaled score of 10
would indicate twice the importance of a score of 5. The rescaled score can be interpreted as
share of relative importance; a score of 10 would indicate that the associated attribute
accounted for 10% of the total importance of all the attributes. The analysis was conducted
in the full sample as well as in subsamples by cannabis use purposes and gender.

Package “flipMaxDiff” in statistical software R (Version 3.6.1) was used for mixed logit
regressions and statistical software Stata (Version 15.1) was used for all the remaining
statistical analyses.

Int J Drug Policy. Author manuscript; available in PMC 2022 May 01.
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3. Results

3.1. Sample characteristics

The overall sample characteristics are reported in Table 2. Of the 817 respondents, 266
(32.55%) were recreational users, 211 (25.83%) were medical users, and the remaining 340
respondents (41.62%) were dual-purpose users. Female respondents accounted for roughly
three quarters of the sample, much higher than the proportion of female cannabis users in the
2018 US nationally representative National Survey on Drug Use and Health (Table S1).
Most of the respondents had experience purchasing cannabis in legal dispensaries. The
subsamples by cannabis use purposes (Table 2) differed in most characteristics whereas the
subsamples by gender had little differences (Table S2).

3.2. Simple count score and ranking

Table 3 presents the counting results for each attribute in the full sample. * Quality’ (count
score=720), ‘strain type’ (631), ‘price’ (505), ‘ THC (467), and ‘ pesticide’ (390) were the
five attributes with the highest count scores, whereas  free sample’, * label warning’, * store
hours’, “ label instruction’, and ‘ package’ were the five attributes with the lowest count
SCores.

By cannabis use purposes (Table 3), recreational users perceived ‘quality’, ‘ price’ and * strain
type’ to be the most important (count score=261, 189, and 172, respectively), medical users
perceived ‘quality’, ‘ strain type’ and * CBD’ to be the most important (count score=133, 133,
and 123, respectively), and dual-purpose users perceived ‘quality’, ‘ strain type’, and * THC'
to be the most important (count score=326, 326, and 288, respectively). All the three
subsamples perceived ‘package’ to be the least important attribute.

By gender (Table S3), ‘quality’, ‘strain type’, ‘price’, ‘THC, and ‘ pesticide’ were the five
most important attributes in both females (count score=550, 500, 395, 350, and 328,
respectively) and males (count score=170, 131, 110, 117, and 62, respectively). Both
genders perceived ‘package’ to be the least important attribute.

3.3. Hierarchical Bayesian estimation of mixed logit regressions

Table 4 reports the results on parameter estimations and the rescaled share of importance
from mixed logit regressions in the full sample. To facilitate understanding, we also plot the
ranking of the shared importance in Figure 1. The results were overall consistent with the
analysis of simple counts. ‘ Quality’, “strain type’, ‘price’, * THC', and * pesticide’ were the
five most important attributes; they jointly accounted for 53.54% of the total shares of
importance. ‘Public use’, * label warning’, ‘ store hours’, * label instructior’, and ‘ package’
were the five least important attributes; they jointly accounted for only 7.98% of the total
shares of importance. In terms of attribute categories, respondents in general allocated
higher importance to product characteristics, quality, and price and free sample, whereas
attached lower importance to package characteristics and restrictions on use.

In subsamples by cannabis use purposes (parameter estimations in Table 4 and ranking plot
in Figure 1), users with different purposes shared similarities in the perceptions of attribute
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importance. For instance, ‘quality’, ‘ price’, ‘ strain type’, and ‘ pesticide’ were included in the
top five attributes and ‘package’ was perceived to be the least important in all the three
subsamples. There were also heterogeneities. For instance, medical users perceived ‘ CBD’
to be the most important attribute (ranked 15, importance share 10.36%), whereas
recreational and dual-purpose users placed less importance to *CBLD’ (ranked 61",
importance share 5.09%:; and ranked 61, importance share 7.03%, respectively). Medical
users also attached less importance to * 7HC (ranked 71", importance share 6.04%) than
recreational and dual-purpose users (ranked 41, importance share 8.49%:; and ranked 39,
importance share13.47%, respectively).

In subsamples by gender (parameter estimations in Table S4 and ranking plot in Figure S3),
females and males attached similar levels of importance to most attributes. Minor
differences were noticed on the ranking of ‘/abe/ warning’ (19t in females and 16™ in
males) and ‘compliance to law’ (101 in females and 71 in males).

4. Discussion

This study innovatively adopted a BWS experiment to elicit cannabis consumers’
perceptions of the importance of 20 cannabis attributes in their purchase decision making in
legal market. We found that some attributes were perceived to be more important than
others, and cannabis users with different purposes exhibited heterogeneous perceptions.

It appears that intrinsic attributes overall tended to have larger allocations of importance than
extrinsic attributes. The 12 intrinsic attributes out of the total 20 attributes accounted for over
two thirds of the total importance and four out of the five most important attributes
(“quality’, 1%t “ strain type’, 2", THC', 4™, “ pesticide’, 51 were intrinsic. It is not
surprising that “guality’ received the first ranking as the important role of product quality in
purchase intention has been recognized in marketing research in general. (Chang & Wildt,
1994; Tsiotsou, 2006) Despite limited scientific evidence, different categories of cannabis
strains are believed and advertised to have different effects. (Ferguson, 2018) For instance,
strains in Indica category are believed to have a more relaxing effect, whereas those in Sativa
category are believed to have a more energizing effect. A study also suggested that
consumers perceived different strains to be linked to different potency, price, and smoking
interest. (Gilbert & DiVerdi, 2018) THC level in cannabis flowers has increased dramatically
in the past decade, from 9% in 2008 to 17% in 2017. (Chandra, et al., 2019) A positive
association was found between price and THC, (Smart, et al., 2017), indicating that
consumers valued higher THC level in general. Pesticide contamination in cannabis products
has been a long-standing public safety concern. (Bishop, 2017; Subritzky, Pettigrew, &
Lenton, 2017) As cannabis remains a Schedule | drug by the US Controlled Substances Act,
the Environmental Protection Agency could not fulfill its usual role of publishing pesticide
usage guidelines for cannabis plants under the Federal Insecticide, Fungicide, and
Rodenticide Act. (Bishop, 2017) Currently only half of the states approving cannabis retail
sales have testing regulations and guide lists for pesticide use on cannabis, but these
regulations and guide lists are still in development stage or lacking law enforcement.

Int J Drug Policy. Author manuscript; available in PMC 2022 May 01.
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Consumers in general attached less importance to extrinsic attributes. All the five least
important attributes (‘ package’, ‘ label instruction’, * store hours’, “ label waring’, * public
use’) were extrinsic. Such findings were supported by an experimental study using stated
preferences techniques, which also found limited impacts of product warnings on cannabis
purchase decisions. (Shi, Cao, et al., 2019) However, there were a few extrinsic attributes
perceived to be important. ‘ Price’ was ranked as the 3" important attribute, accounting for
over 10% of the total importance. This was aligned with tobacco and alcohol literature,
which consistently demonstrated high responsiveness of tobacco and alcohol use behaviors
to changes in price. (Chaloupka, Powell, & Warner, 2019; Elder, et al., 2010; Wagenaar,
Salois, & Komro, 2009; Wagenaar, Tobler, & Komro, 2010; Wilson, et al., 2012) The other
two important attributes with a top 10 ranking were ‘szaff’ (71) and ‘ compliance to law
(8t). Dispensary staff played an important role in providing counseling and
recommendations when novel strains and devices were rapidly emerging after cannabis
legalization. (Haug, et al., 2016) In areas with weak law enforcement, dispensaries’ law
compliance levels may be low. This may be appealing to consumers who seek to circumvent
age verification and quantity limit.

Subsamples with different cannabis use purposes exhibited distinct perceptions, in line with
previous epidemiology studies on the differences in sociodemographic characteristics and
cannabis use patterns between recreational users and medical users. (Lankenau, et al., 2017;
Lin, llgen, Jannausch, & Bohnert, 2016; Roy-Byrne, et al., 2015; Sznitman, 2017) It is not
surprising that * 7HC was more preferred by recreational and dual-purpose users whereas
‘CBD was more preferred by medical users, because THC is the primary psychoactive
compound getting people high (Hall & Degenhardt, 2009) and CBD is generally perceived
having therapeutic effects without intoxication. Such difference was also observed in a
previous experimental study with stated preferences techniques. (Shi, Cao, et al., 2019)
Medical users also attached more importance to ‘pesticide’ and ‘ compliance to law’,
indicating that they were more inclined to pursue safe and responsible use of cannabis
products.

Females were over-represented in our study sample, as commonly seen in online panels as a
whole. (Shi, Cao, et al., 2019; Weinberg, Freese, & McElhattan, 2014). Although this
reduces generalizability of our findings, it provides an opportunity to explore differences in
perceptions by gender. In subsample analysis, we did not find dramatic differences between
females and males, except that males placed slightly higher importance to ‘ fabel warning’
and ‘compliance to law’ than females. This implies that female and male cannabis users may
respond in a comparable manner to policy changes.

The findings of this study may inform cannabis regulation if the goal is to influence
consumers’ purchase behaviors. Policy design, resource allocation, and law enforcement
may be prioritized to regulating policy-modifiable attributes with greater perceived
importance. For instance, policies aiming to modify intrinsic attributes, such as quality
control, potency limit, pesticide test requirement, may have great potential to influence
consumers’ purchase behaviors. Policy formulation targeting extrinsic attributes, such as
increasing taxes, requiring staff training, and enforcing law compliance may also generate
considerable impacts. In contrast, policy measures related to attributes with very low
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perceived importance, such as package and label requirements, limit on store hours, and
public use ban, may not markedly change consumers’ purchase behaviors. It should be
noted, however, that our study evaluated consumers’ perceived importance as an indicator of
the potential responsiveness of their purchase behaviors to changes in policy-modifiable
attributes. Even though the potential impacts of some low-importance attributes might be
small, they may serve other important goals of cannabis regulation. For instance, requiring
appropriate package may prevent incidental consumption by children, label instruction and
label warnings may facilitate informed consumption and reduce risks of overdose and
misuse, and banning public use may reduce exposure to secondhand smoke.

The study also suggested that policies should be designed with consideration in the
heterogeneity of consumer differences by use purposes. For example, a potential policy
setting lower or upper limit of CBD may generate larger impacts on medical users than
recreational users and dual-purpose users, whereas increasing tax rates may yield larger
impacts on recreational users who may be more sensitive to price changes. If a policy is
being applied across the board to all types of users, policymakers should monitor possible
disparities in purchase behaviors and related problem use. Meanwhile, our findings provide
options to policymakers if the intention is to differentially impact users with different
purposes. As medical use of cannabis has therapeutic effects yet recreational use of cannabis
has medical and public health concerns in general, policymakers could intentionally use
different strategies to promote medical use and control recreational use. An example is to
impose higher tax rates on purchase for recreational purposes but lower tax rates on
purchase for medical purposes.

The policy implications discussed in this study may not generalize directly to cannabis
consumers in Uruguay or Canada, which has implemented different recreational cannabis
supply models and regulatory strategies in different socioeconomic and epidemiological
contexts. Nonetheless, the findings found in the US could serve as a benchmark for Uruguay
and Canada to consider and compare while taking into account of their unique contexts.
Furthermore, findings on medical users’ perceptions may inform cannabis regulations in a
growing number of countries that have liberalized or considered liberalizing medical
cannabis.

The strengths of the study included innovative use of BWS experiment, causal inferences at
individual level, examination of a long list of attributes, exploration in the heterogeneity of
the perceptions, and study of factors critical to cannabis retail sales when observational data
are not yet available. Nonetheless, the study has limitations. First, the results only indicated
“whether” an attribute was a relatively important factor in consumers’ purchase decision
making, but “how” exactly the attribute would influence decision making or the direction of
the association remains unknown. For example, we know from this study that * 7HC was an
important factor, but we do not know if consumers preferred higher THC level or lower.
Another example is ‘compliance to law’, which may either positively or negatively influence
purchase decisions. Future research is warranted to examine the direction of the associations.
Second, we examined “perceptions” in hypothetical scenarios instead of “behaviors” in the
real world. How the perceived importance of these attributes would reflect consumers’ real-
world purchase behaviors requires further examination. Third, we focused on the attributes
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relevant to cannabis flowers and excluded alternative forms of cannabis from consideration.
As concentrates and edibles accounted for an increasing market share, more research is
needed to examine consumers’ perceptions of factors critical to the purchase of these non-
flower products. Fourth, we limited attributes to those relevant to legal products because
they have potential to be modified by state or local cannabis policies. Whether and how
policies regulating these attributes may have spillover effects on illegal markets are to be
explored. Fifth, we derived the master list of attributes from existing literature, existing and
potential cannabis, tobacco, and alcohol policies, and authors” own experience and
knowledge. The list was by no means to be exhaustive. Further, our study sample was
recruited from convenience online panel and may not represent cannabis user population in
the US. Particularly, the sample had insufficient representation of males and older adults,
who had lower propensity to participate in online surveys probably due to time and access
constraints. (Weinberg, et al., 2014) Representative samples are warranted in future research.
Lastly, our study findings may not be generalizable to youth, whose perceptions may differ
from adults.

5. Conclusion

Using a best-worst scaling experiment, this study found that cannabis users in general
perceived “quality’, ‘ strain type’, ‘price’, * THC and ‘ pesticide’ to be important factors in
cannabis purchase decisions. Recreational, medical, and dual-purpose users demonstrated
heterogeneous allocations of importance to the attributes. The findings might deserve
consideration in the design of cannabis control strategies, such as prioritizing policies that
modify attributes with greater perceived importance and monitoring heterogeneous policy
impacts in cannabis users with different purposes.
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