UC San Diego
UC San Diego Previously Published Works

Title
Appeal rating and visual attention associated with youth-appealing cannabis packaging:
An eye-tracking experiment.

Permalink
https://escholarship.org/uc/item/72j176t8

Authors
Cooper, Michael
Shi, Yuyan

Publication Date
2023-12-01

DOI
10.1016/j.drugalcdep.2023.110992

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/72j176t8
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2024 December 01.

-, HHS Public Access
«

Published in final edited form as:
Drug Alcohol Depend. 2023 December 01; 253: 110992. doi:10.1016/j.drugalcdep.2023.110992.

Appeal Rating and Visual Attention Associated with Youth-
Appealing Cannabis Packaging: An Eye-Tracking Experiment

Michael Cooper?, Yuyan Shil*
IHerbert Wertheim School of Public Health and Human Longevity Science, University of
California San Diego. 9500 Gilman Dr., La Jolla, CA 92093, USA

Abstract

Background: Cannabis-infused edibles have grown in popularity particularly among young
people in the United States. Youth-appealing cannabis packaging is common and associated with
concerns on its public health impacts. This study aims to assess associations of youth-appealing
cannabis edible package attributes with appeal ratings and visual attention of young adults.

Methods: Seventy-two young adults participated in an eye-tracking experiment, in which each
participant viewed seven randomly ordered cannabis edible package images with varying youth-
appealing attributes, including a cartoon character, a young adult model, bubble font, berry flavor,
and gummy bear shape. Two primary outcomes were assessed: 1) appeal ratings elicited on a scale
from 0 to 10 based on self-reporting, and 2) fixation durations on predefined areas of interest in
the package images based on eye-tracking data. Multivariate linear regressions were conducted to
assess associations.

Results: Packages containing a cartoon character, bubble font, berry flavor, or gummy bear
shape received higher appeal ratings than the package with no youth-appealing attributes. Youth-
appealing attributes received longer fixation durations than non-youth-appealing attributes. The
presence of any youth-appealing attribute is associated with reduced fixation durations on the
warning label, with the largest reduction in the package with multiple youth-appealing attributes.

Conclusions: Youth-appealing attributes on cannabis edible packages are associated with higher
appeal ratings, more visual attention towards those attributes, and less visual attention towards
warning labels among young adults in the United States. Regulations banning youth-appealing
attributes may be effective in reducing appeal of cannabis edibles and increasing attention towards
warning labels.
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Introduction

Early onset of cannabis use and subsequent long-term and regular use among young people
is associated with psychosocial impairment, altered brain development, and poor educational
outcomes in addition to adverse effects common to adults. (Hall and Degenhardt, 2009;
Volkow et al., 2014) Population surveys in the U.S. showed that the percentage of

young adults aged 18-25 who used cannabis in the past year increased from 29.8% to
35.4% from 2002 to 2019. (Substance Abuse and Mental Health Services Administration,
2020) Although smoking dried cannabis flower remains the most popular administration
method, cannabis-infused edibles have recently captured considerably increased market
share, especially in legalized recreational cannabis markets. (Hammond et al., 2022) In
2022, cannabis edibles accounted for 12.1% of legal cannabis sales in the U.S. (Headset,
2022) Gummy products were the most popular type, making up 73.9% of edible sales.

Cannabis edibles present unique health risks and public health concerns compared to other
administration methods. They have a significantly delayed onset of psychoactive effects,
leading to a higher risk of overdose requiring healthcare visits. (Whitehill et al., 2021) They
may particularly appeal to young people and nonusers due to easy and discreet use and
similarity to other familiar food products. Evidence from poison center calls showed an
increasing trend in pediatric exposure to cannabis requiring medical attention from 2017

to 2019, with the increase mainly caused by exposures to cannabis edibles in states with
legalized recreational cannabis. (Whitehill et al., 2021)

Health risks to young people may be exacerbated by youth-appealing packaging of cannabis,
which could include attributes such as cartoon characters, bright colors, bubble fonts,
flavors, and food shapes. (Cao et al., 2020; Elliott, 2019) Evidence is still lacking in
cannabis research, but rich literatures on tobacco and food packaging have shown that
youth-appealing packaging was associated with undesirable changes in visual attention,
product preferences, brand recall, appeal ratings, and harm perceptions. (Cummings et al.,
2002; Czoli and Hammond, 2014; Elliott, 2019; Elliott and Truman, 2020; Gallopel-Morvan
et al., 2012; Ventresca and Elliott, 2022; Wakefield et al., 2002)

While over 20 U.S. states have legalized recreational cannabis, only 10 states implemented
regulations specifically on cannabis edibles and all of these 10 states banned edible packages
appealing to children in some form. (Barrus et al., 2016; Goundar et al., 2021) The

bans range from broad but vague prohibitions on all youth-appealing styles to highly
specific language prohibiting certain attributes such as cartoon characters. (Barrus et al.,
2016; Goundar et al., 2021) Despite these regulations, several studies found the frequent
appearance of youth-appealing edibles in legal cannabis marketplaces in practice. For
example, an audit study of recreational cannabis dispensaries in California found youth-
appealing products in 19.7% of dispensaries, with edibles being responsible for most of
them. (Shi and Pacula, 2021) A study collected a sample of cannabis edible package images
and reported that 15% imitated popular food products, 23% showed characters/mascots, and
91% contained flavor texts. (Tan et al., 2022) Another similar study found nearly 10% of
sampled cannabis edible products mimicking real food brands. (Ompad et al., 2022) A study
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in New York city estimated a high incidence of youth-appealing attributes on discarded
cannabis edible packages, with 31% mimicking a recognizable food brand, 38% depicting
cartoon characters, and 76% containing two or more bright colors. (Blumenberg, 2022)

Some previous research has evaluated associations between cannabis packaging and
self-reported consumer preferences with online surveys or focus groups. (Goodman and
Hammond, 2020; Goodman et al., 2019; Goodman et al., 2021; Kowitt et al., 2022;
Leos-Toro et al., 2021; Mutti-Packer et al., 2018; Ventresca and Elliott, 2022) These
studies assessed varied package attributes such as package style and warning labels and
varied outcomes such as product appeal and credibility of warnings. Overall, the findings
suggested that plain packages and warning labels reduced product appeal compared to
branded packages and no warning labels. The style of package branding may also impact
consumer perceptions; for example, packages based on an adventurous theme or those with
celebrity sponsors or music references were perceived as more youth-oriented than other
branding styles. (Kowitt et al., 2022; Leos-Toro et al., 2021) An important limitation of
these studies is potentially biased subjective reporting. Little emphasis has been placed on
explicitly youth-appealing packaging attributes.

Our study aims to evaluate associations of youth-appealing attributes on cannabis

edible packages with appeal ratings and visual attention of young adults. We assessed
appeal ratings with self-reporting and visual attention with eye-tracking technology after
participants viewed a series of realistic fictional cannabis edible packages featuring various
youth-appealing attributes. Our study has the potential to address limitations in previous
research and make unique contributions to literature and policymaking. 1) It is the first

use of eye tracking in cannabis literature, despite its popular adoption in tobacco and

food literatures supporting the link between visual attention and health-related outcomes.
(Graham et al., 2012; Kerr-Gaffney et al., 2018; Ma and Zhuang, 2021; Meernik et al.,
2016; Motoki et al., 2021; Valsecchi and Codispoti, 2022) The objectively assessed visual
attention is free of concerns about subjective reporting and recall biases. 2) Our focus on
youth-appealing package attributes is novel in cannabis literature, complemented by our
sampling of a young adult population. 3) We exploited within-individual variation in visual
attention between multiple trials with varying package attributes, leading to more credible
estimates of associations. 4) Our findings hold policy implications regarding the likely
effects of bans on various youth-appealing cannabis package attributes.

2. Methods

2.1 Study Sample and Recruitment

From October of 2022 to February of 2023, we recruited 75 participants through university
email lists for undergraduate and graduate students at the University of California

San Diego. This is a large public university in San Diego, California, U.S., with an
undergraduate student population of around 33,000 and a graduate student population of
around 8,000. People were invited to an in-person survey and eye-tracking session. A
financial incentive of $40 was paid after successful completion of the experiment. The
inclusion criteria were being over age 18 with no upper age limit and not having any rare eye
conditions that prevent eye tracking such as glass eyes or eye-related neurological disorders.
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We did not restrict the sample by cannabis use status because both nonusers and users may
attempt to use edibles and both populations are of policy interest. Due to our method of
convenience sampling, most of the participants were young adult undergraduate students
and the remaining were graduate students and other university-affiliated individuals. The
eye-tracking data for three participants were unable to be calibrated at an acceptable level of
accuracy. The final analysis includes 72 participants.

This study was approved by the Human Research Protections Program at the University of
California San Diego.

2.2 Cannabis Edible Package Design

We worked with a professional graphic designer to create partially fictional cannabis edible
package images. Instead of using multiple real-world packages with huge variations in
package features, the creation of our own package images allows us to vary a single package
attribute a time while holding all other features of the package constant. To increase realism
and avoid introducing unintended bias with an entirely novel, fictional package design, our
base package image was a close recreation of a real cannabis gummy edible package that
has no existing youth-appealing attributes and is commonly featured as a popular product
in online legal cannabis marketplaces in the U.S. This specific package was selected as our
base image due to its popularity, visual similarity to other packages, use of mostly neutral
colors, and clearly separable package regions. The graphic designer then created package
images containing fictional youth-appealing attributes based on the base package image.

We created seven package images for the experiment, displayed in Figure 1. All elements
of the seven packages are held constant except for the explicitly varied youth-appealing
attributes. We selected youth-appealing attributes based on a review of literature and state
laws on youth-appealing cannabis packaging. (Blumenberg, 2022; Ompad et al., 2022;

Tan et al., 2022) For ease of exposition, we name each package as follows. 1) “Normal”
package: it is the base package without any youth-appealing attributes. 2) “Model” package:
it replaces the circular brand logo space at the top-center of the package with a young

adult female model’s face depicted eating a cannabis gummy edible. 3) “Cartoon” package:
it replaces the same brand logo space with a cartoon character. 4) “Bubble” package: it
replaces the plain brand name text with a colorful bubble font text. 5) “Flavor” package:

it replaces the image of circular off-white gummies with a red version of the same image
and replaces the text “Unflavored Gummies” with the red text “Berry Flavor.” 6) “Shape”
package: it replaces the image of off-white circular gummies with an image of an off-
white gummy bear and replaces the text “Unflavored Gummies” with the text “Unflavored
Gummy Bears.” 7) “Multi” package: it replaces several attributes at once, including the
brand logo space with the cartoon character, the plain brand text with the bubble font
version, the image of off-white circular gummies with a large red gummy bear, and the
“Unflavored Gummies” text with “Berry Flavor Gummy Bears.”

The instrumental, non-youth-appealing attributes remain constant except for the “Flavor”
and “Shape” packages: the quantity is 20 gummies, the potency is 5mg tetrahydrocannabinol
(THC) per gummy, and the warning label is the standard required label under California law
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placed at the bottom of the package. The positional layout of all attributes remains constant
throughout all packages.

2.3 Experimental Procedure

We used the EyeLink 1000 Plus eye tracker designed by SR Research. This eye tracker
operates at a sampling rate of 1000 Hz in remote mode, does not require head or chin
rests (potentially resulting in more natural behavior and comfort), and has a high degree
of accuracy (0.25 to 0.50 degrees in typical conditions). We used the eye tracker in the
recommended monocular mode (tracking the right eye only).

The experiment procedure involved several phases: orientation, calibration, cannabis
package viewing trials, and survey. The entire experiment lasted less than an hour, with

most sessions lasting between 30 to 45 minutes. 1) Orientation. When a participant arrived at
the eye-tracking lab, the experimenter provided a short orientation including a summary of
what to expect during the session and a brief demonstration of the eye-tracking equipment.
Participants signed the consent form if they agreed to participate. 2) Calibration. Participants
were seated at a typical office computer desk setup with the eye tracker’s camera lens placed
on the desk just below the monitor. Participants looked at a series of dots in various locations
on the screen until an accurate validation reading was obtained. 3) Packaging viewing trials.
Participants were given detailed instructions for package viewing. They were instructed

to view each image however they like with no particular objective. They were provided

with a practice round, in which a cannabis edible package image unrelated to this study

was displayed. Participants then viewed seven randomly-ordered cannabis gummy edible
package images one at a time. Each trial took 15 seconds before the image automatically
disappeared and prompted participants to submit an appeal rating. 4) Survey. Participants
took a short survey on individual demographic characteristics and substance use status.

2.4 Outcomes

Three outcomes were assessed, including two primary outcomes: 1) appeal ratings and 2)
fixation durations, and one secondary outcome: 3) fixation counts. Appeal ratings were
elicited immediately after participants viewed each package image. Participants were asked,
“how appealing would this marijuana product be to try?” The options were a scale of 0 to
10, with 0 labeled as “not at all appealing” and 10 labeled as “extremely appealing.” This
outcome and scale have previously been used in cannabis packaging literature. (Goodman et
al., 2019; Mutti-Packer et al., 2018)

Fixation duration and fixation count are common eye-tracking variables measuring how long
and how many times participants look at a defined area, respectively. Informally, a fixation
occurs when one’s gaze settles on one area for a period of time. The eye-tracking software
implements best-practice algorithms involving eye movement velocity and acceleration
thresholds to separate eye movements from fixations in the raw eye position data. In

our study, fixation duration measures the total number of seconds spent fixating within

an interest area and fixation count measures the total number of distinct fixations within

an interest area during the 15-second trial of viewing a cannabis package. Interest areas
were pre-defined by rectangular or circular boundaries drawn in the EyeLink Data Viewer
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software, enclosing a specific package attribute such as the warning label box. These
boundaries were drawn by the researchers but invisible to participants. All interest areas
were defined to be non-overlapping so that any given fixation could be uniquely assigned to
a single interest area, and the interest areas were identical between all package images in the
experiment.

We defined five distinct interest areas. The “Logo Space” interest area is the circular region
at the top-center of the package that may include brand logo, young adult model, or cartoon
character depending on the package image. Other interest areas are: “Brand Name”, which
states the brand name in either regular font or bubble font; “Gummy”, which is an image of
the gummy product as circular or bear-shaped and off-white or red; “Gummy Description”,
which is text that describes the gummy shape and flavor; and “Warning Label”, which
contains a government warning text in a rectangular box.

2.5 Individual Sociodemographic and Behavioral Variables

The following individual-level variables were gathered from the survey: cannabis package
viewing trial order, sex, age, race/ethnicity, education, and past-month cannabis, alcohol, and
cigarette use status.

2.6 Statistical Analysis

Descriptive statistics of the study sample are provided. We display heatmaps that visually
represent the unadjusted mean fixation durations across all participants on a given package,
with a spectrum of color progressing from green to yellow to red indicating increasing
fixation durations on each area of the package. We also show the unadjusted mean and
95% confidence intervals for the three outcome measures by package and (for eye-tracking
measures only) by interest area.

Three sets of multivariate linear regressions were conducted to estimate associations
between youth-appealing package attributes and outcome measures while controlling for
trial order and all individual sociodemographic and behavioral variables listed in the
subsection above. In all regression models, standard errors are clustered at the participant
level. 1) In the first set of regressions, we compare appeal ratings between packages. The
key explanatory variables are indicators for each package image, and the coefficients may be
interpreted as the additional appeal rating score associated with each package relative to the
reference category of the “Normal” package. 2) In the second set of regressions, we compare
fixations on the same interest area between packages. For each regression, the sample is
restricted to only fixations on a single interest area, and it includes all seven package images.
The key explanatory variables are indicators for each package image. The coefficients on
package indicators may be interpreted as the additional seconds or distinct fixations on a
given interest area associated with each package relative to the reference “Normal” package.
3) In the third set of regressions, we compare fixations on the same package between interest
areas. For each regression, the sample is restricted to only fixations on a single package
image, and it includes all five interest areas. The key explanatory variables are indicators

for each interest area, and the coefficients may be interpreted as the additional seconds or
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distinct fixations associated with each interest area relative to the reference “Warning Label”
interest area.

We conducted a robustness check by dropping nine participants who did not have good
calibration or data quality and rerun the second and third sets of regressions. These dropped
participants satisfied at least one of two criteria: they were missing at least 5 seconds of
eye position data within any trial, or their calibration quality was “Fair” instead of “Good.”
Fair calibration quality is defined as the worst point error being between 1.5 degrees and
2.0 degrees or the average error being between 1.0 degrees and 1.5 degrees. This sort of
inaccuracy may be a concern if eye position data are systematically biased in a certain
direction, potentially resulting in assigning fixations to incorrect interest areas or to no
defined interest area at all.

Eye-tracking data cleaning and interest area creation were completed in Data Viewer 4.3.1.
Data analysis was conducted in Stata SE 17.0.

3. Results

3.1 Sample Characteristics

Table 1 displays the sample characteristics. The sample is majority female and racially
diverse. About 60% participants are aged 18-20, and 94.44% of participants are under age
30. The 25™ percentile, median, and 75™ percentile of age in our sample are 19, 20, and
21.5, respectively. Past-month cannabis use prevalence is 38.89%.

3.2 Appeal Ratings

Table S1 shows the unadjusted mean and 95% confidence intervals of appeal ratings for each
package. The highest mean appeal ratings are 6.18, 5.15, and 4.33 for the “Multi,” “Flavor,”
and “Cartoon” packages, respectively. The “Normal” package containing no youth-appealing
attributes has the lowest mean appeal rating at 3.19.

Table 2 reports multivariate regression results with appeal rating as the outcome variable and
package indicators as the key explanatory variables. The results reinforce the observations
from descriptive data in Table S1. The “Multi”, “Flavor”, and “Cartoon” packages are
associated with higher appeal ratings than the “Normal” package, by 3.03, 1.97, and 1.09
points, respectively.

3.3 Visual Attention

Table S2 shows the unadjusted mean and 95% confidence intervals of fixation duration

in seconds on each interest area and package combination. In general, participants tended
to look longer at interest areas containing youth-appealing attributes. The longest fixation
durations are 3.85s, 2.93s, and 2.92s on the young adult model, cartoon character, and
flavored gummy image, respectively. The warning label received the longest fixation
duration (1.56s) on the “Normal” package, which contains no youth-appealing attributes.

Figure S1 shows heatmaps which visualize the eye-tracking data. When a package contained
only one youth-appealing attribute, participants heavily fixated on that attribute. This is
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apparent in the “Model” and “Cartoon” packages, in which participants fixated for a long
duration on the central circular area, and in the “Flavor” and “Shape” packages, in which
participants fixated for a long duration on the gummy product image. In the “Normal” and
“Multi” packages, participants’ visual attention appears to be more evenly split between
multiple competing interest areas.

Table 3 reports multivariate regression results with fixation duration as the outcome variable
and package indicators as the key explanatory variables, with each column restricting the
sample to a single interest area at a time. The findings generally support our observations
from the raw data in Table S2 that participants looked longer at a given interest area where
the package contained a youth-appealing attribute. Compared to the “Normal” package,
fixation durations on the “Logo Space” interest area are longer on the “Model”, “Cartoon”,
and “Multi” packages which contain youth-appealing attributes in the logo area (by 2.23s,
1.28s, and 0.57s, respectively). Differences are also reported for the “Brand Name” interest
area on the “Bubble” package (1.11s) and for the “Gummy Image” interest area for the
“Flavor” and “Shape” packages (1.01s and 0.71s, respectively).

Table 3 also reveals interesting results about visual attention towards warning labels.
Participants looked at the “Warning Label” interest area for shorter durations on the “Multi”
and “Flavor” packages than on the “Normal” package (by 0.48s and 0.49s, respectively).
Additionally, the coefficients on the trial order indicators provide evidence that participants
looked at warning labels for shorter durations in later trials regardless of which package
image was presented.

Table 4 reports multivariate regression results with fixation duration as the outcome variable
and interest area indicators as the key explanatory variables, with each column restricting
the sample to a single package image at a time. On the “Normal” package, none of the

four interest areas received longer fixation durations than the reference “Warning Label”
interest area. On all other packages, longer fixation durations are seen on interest areas
containing youth-appealing attributes for a given package. A particularly large coefficient

is estimated on the “Logo Space” interest area containing the young adult model on the
“Model” package, which indicates 2.61 additional seconds of fixation compared to the
warning label for that package. On the “Multi” package, all four interest areas received
longer fixation durations than the warning label.

Table S3 shows the unadjusted mean fixation counts by interest area and package
combination, and Tables S4 and S5 report multivariate regression results with fixation counts
as the outcome variable. These results are in line with those using fixation durations as the
outcome variable.

3.4 Robustness Check

As a robustness check, we dropped nine participants who did not have good calibration
or data quality. The results remain qualitatively similar to our main results (results not
reported).
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4. Discussion

This is the first study using both subjective (via self-reporting) and objective (via eye
tracking) assessments to examine associations of youth-appealing attributes on cannabis
packages with appeal ratings and visual attention. Overall, we find that youth-appealing
package attributes are associated with higher appeal ratings and longer visual attention. This
finding is supported by tobacco and food literatures, which have demonstrated substantial
evidence that youth-appealing attributes were associated with increased visual attention,
product preference, brand recall, appeal ratings, and reduced harm perceptions. (Cummings
et al., 2002; Czoli and Hammond, 2014; Elliott, 2019; Elliott and Truman, 2020; Gallopel-
Morvan et al., 2012; Ventresca and Elliott, 2022; Wakefield et al., 2002)

Some observations are noteworthy regarding specific youth-appealing attributes. First, the
package with multiple youth-appealing attributes received the highest appeal rating out of all
packages. Because of the presence of multiple attributes, these attributes compete for visual
attention and no specific attribute stands out. Second, the package changing from no flavor
to berry flavor is associated with a substantial increase in appeal ratings and visual attention.
Third, the package replacing the logo with a cartoon character also increases appeal ratings
and visual attention substantially. Lastly, in one case, appeal ratings and visual attention

are at odds with each other. The image with the face of a young adult model received low
appeal ratings but long fixation durations on the face. The finding on fixation duration was
expected, as tobacco literature suggested that images of people in e-cigarette ads attracted
more visual attention of young adults than any other ad features such as product descriptors
or brand logos, but the finding on appeal ratings was unexpected. (Stevens et al., 2020)
Further research is needed to replicate and interpret the findings.

The observations on the “Warning Label” interest area are also interesting. Participants
looked at the warning labels for the longest when youth-appealing attributes were absent.
They looked at the warning labels for a shorter duration when the package had any single
youth-appealing attribute. In addition, the package with multiple youth-appealing attributes
further reduced visual attention to the warning labels than any single attribute alone. As the
trials progressed, visual attention on warning labels became shorter, suggesting that static
visual stimulus may be only effective in the first few times that people view it.

Our study findings have several implications regarding implementing cannabis packaging
regulations to reduce harms among the vulnerable young adult population. First,
policymakers may consider banning youth-appealing attributes on cannabis packages,
particularly attributes highlighting flavors and adding cartoon characters, to reduce their
appeal and ability to attract attention. Literature on tobacco and food packaging showed
that people tended to choose products which received longer fixation durations or higher
fixation counts, indicating that visual attention is linked to subsequent purchase and
consumption behaviors. (Bialkova et al., 2014; Graham and Jeffery, 2012; Meernik et

al., 2016) Restricting youth-appealing attributes has the potential to reduce initiation and
consumption of cannabis among young adults. Second, comprehensive bans on all possible
youth-appealing attributes seem likely to have the largest effects. The plain packaging
requirements for cannabis sold in Canada are an example of such a strict regulatory regime,
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where only explicitly permitted package attributes are allowed with no room for the cannabis
industry to push the boundaries of youth-appealing designs. Third, even partial bans that
only target a subset of youth-appealing attributes are still likely to impact consumer
behaviors. Some partial bans may have larger impacts than others, such as those banning
flavors or cartoon characters, compared to those banning bubble fonts or animal shapes.
Many states in the U.S. have adopted this partial ban strategy. However, the enforcement

of partial bans seems to lack success, as youth-appealing cannabis packages have been
frequently observed in studies auditing dispensaries and packages. (Blumenberg, 2022;
Ompad et al., 2022; Shi and Pacula, 2021; Tan et al., 2022) Fourth, banning youth-appealing
attributes is likely to increase visual attention towards warning labels. Lastly, the impacts of
static warning labels may fade as consumers see them multiple times, whereas policies
renewing the novelty of warning labels are likely to increase visual attention towards

them. Similar results have been found in tobacco control literature, which led public health
advocates to recommend rotating warning messages. (Hammond, 2011) Our study provides
support to state laws or pending bills that add rotating warning messages on cannabis
packages or in cannabis packages as inserts.

Our study has limitations. First, we recruited a small sample with convenience sampling,
which is inevitable in all eye-tracking studies because the experiment requires in-person lab
visits. The sample naturally provides a policy-relevant sample of young adults but is not
representative of the broader U.S. young population. Because of the university being public
and located in Southern California, our sample is not representative of the undergraduate
population in the U.S., either, with non-Hispanic Whites and non-Hispanic Blacks being
underrepresented and non-Hispanic other minorities being overrepresented. Further, our
findings may not extend to adolescents under age 18. Future research to validate the study
findings in larger samples outside of the current setting is needed.

Second, our package images are partially fictional even though they were based on a real
cannabis gummy edible package, so our findings may not extend to other real-world package
designs. There may be other versions of the same youth-appealing attributes such as a
different cartoon character or combinations of attributes, which may yield different impacts
than those found in our study. Third, we focused our study on youth-appealing package
attributes, but a promising direction for future research could be to use similar experimental
methods to analyze the effects of other package attributes such as warning label size,
placement, and texts.

Fourth, we chose gummy products in this study because they have by far the largest market
share out of all cannabis edibles, (Headset, 2022) but the findings may not generalize to
other forms of edibles. In addition, we did not measure substance use directly prior to the
experiment nor ask subjects to abstain from substance use before arriving at the lab. Lastly,
we measured appeal ratings and visual attention, but our research did not directly test how
higher appeal ratings or visual attention may impact purchase or consumption behaviors.
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5. Conclusion

This study elicited self-reported appeal ratings and used eye tracking to measure the visual
attention of a group of young adults in the U.S. after they viewed cannabis edible packages
with varied youth-appealing attributes. We find that youth-appealing attributes on cannabis
edible packages are associated with higher appeal ratings, more visual attention towards
those attributes, and less visual attention towards warning labels. Regulations banning
youth-appealing attributes may be effective in reducing appeal of cannabis edibles and
increasing attention towards warning labels.
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Figure 1.
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Figure 1a. “Normal” Package
Figure 1b. “Model” Package
Figure 1c. “Cartoon” Package
Figure 1d. “Bubble” Package
Figure 1le. “Flavor” Package
Figure 1f. “Shape” Package
Figure 1g. “Multi” Package
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Descriptive Statistics of the Study Sample

Unadjusted Mean (%)

Sex

Male 36.11

Female 63.89
Age

18-20 59.72

21+ 40.28
Race & Ethnicity

Non-Hispanic White 19.44

Non-Hispanic Black 5.56

Hispanic 22.22

Non-Hispanic Other 52.78
Education

High School or Less 27.78

Some College or Associate Degree 54.17

Bachelor’s or Graduate Degree 18.06
Substance Use

Past-month Cannabis Use 38.89

Past-month Alcohol Use 55.56

Past-month Cigarette Use 2.78
Number of Participants 72

Table 1.
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Multivariate Linear Regression with Appeal Rating as Outcome Variable and Package Indicators as Key

Table 2.

Explanatory Variables

Appeal Rating (0-10)
Coefficient [95% CI]
Package
Normal Reference
0.28
Model
[-0.15,0.72]
1 09 Ak
Cartoon ’
[0.67,1.50]
0447
Bubble
[0.06,0.82]
l 97 Ak
Flavor '
[1.53,2.41]
0.56™
Shape
[0.15,0.98]
3 03 Ak
Multi '
[2.49,3.57]
Trial Order
Trial 1 Reference
. -0.56*
Trial 2
[-0.99,-0.13]
_ -0.56*
Trial 3
[-1.05,-0.07]
-0.45
Trial 4
[-0.96,0.05]
-0.08
Trial 5
[-0.60,0.45]
-0.40
Trial 6
[-0.98,0.18]
-0.19
Trial 7
[-0.70,0.32]
Sex
Female Reference
092"
Male
[0.15,1.69]
Age
18-20 Reference
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Appeal Rating (0-10)
Coefficient [95% CI]
0.30
21+
[-0.71,1.30]
Race & Ethnicity
Non-Hispanic White Reference
0.78
Non-Hispanic Black
[-0.64,2.20]
-0.57
Hispanic
[-2.02,0.88]
0.40
Non-Hispanic Other
[-0.75,1.55]
Education
High School or Less Reference
0.58
Some College or Associate Degree
[-0.37,1.53]
0.58
Bachelor’s or Graduate Degree
[-0.78,1.93]
Substance Use
0.24
Past-month Cannabis Use
[-0.95,1.44]
0.02
Past-month Alcohol Use
[-1.12,1.15]
) 1577
Past-month Cigarette Use
[0.00,3.13]
238"
Constant
[0.98,3.77]
Number of Views 504
P<.05
Ak
P<.01
Ak
P<.001

Page 21

Notes: The table displays the results of a multivariate linear regression with appeal rating as the outcome variable and indicators for package image
as the key explanatory variables, and include control variables for trial order, sex, age, race and ethnicity, education, and substance use.
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Table 3.

Multivariate Linear Regressions with Fixation Duration (seconds) as Outcome Variable and Package
Indicators as Key Explanatory Variables, by Interest Area

Interest Area

Logo Space  Brand Name Gummy Image Gummy Description Warning Label
Coefficient [95% CI]
Package
Normal Reference Reference Reference Reference Reference
2.23%* -0.34 -0.797* -0.13 -0.38
Mol [1.682.78]  [-0.71,0.03]  [-1.16,-0.42] [0.34,0.08] [0.83,0.08]
1.28™** -0.09 -0.31 0.03 -0.17
cartoon [0.94,1.63]  [-0.46,0.27] [-0.68,0.06] [-0.19,0.24] [-0.52,0.19]
bbl 0.03 1117 -0.26 -0.02 -0.30
Bubble [-0.33,0.39]  [0.73,1.48] [0.66,0.15] [-0.22,0.18] [-0.75,0.16]
Flavor -0.06 -0.15 1.017%* 0.15 —049%
[-0.39,0.27]  [-0.51,0.20] [0.59,1.43] [-0.07,0.38] [-0.90,-0.08]
shape -0.22 -0.42" 071" 050" -0.17
[-0.49,0.04]  [-0.74,-0.10] [0.28,1.15] [0.24,0.75] [-0.63,0.29]
Muli 057" 0.22 -0.10 0.59 -0.48"
[0.18,0.95]  [-0.14,0.57] [-0.51,0.32] [0.29,0.88] [-0.92,-0.03]
Trial Order
Trial 1 Reference Reference Reference Reference Reference
. 0.31 -0.25 0.22 0.06 -0.20
Trial 2 [-0.11,0.74]  [-0.58,0.08] [0.10,0.54] [-0.18,0.30] [-0.57,0.17]
) 0577 -0.30 0497 0.07 -0.25
Trals [0.21,093]  [-0.63,0.03] [0.17,0.82] [0.16,0.29] [-0.71,0.22]
Trial 4 0.66™" -0.33 075 013 -0.71"
[0.21,1.11]  [-0.66,0.00] [0.39,1.11] [-0.15,0.40] [-1.20,-0.23]
Tial 5 0.64" -0.10 0.65™* 017 -0.64™"
[0.151.13]  [-0.48,0.28] [0.29,1.01] [-0.09,0.43] [-1.07,-0.22]
Tial 6 046" -0.08 071" 030" -0.84*
[0.03,0.90]  [-0.44,0.28] [0.32,1.10] [0.04,0.56] [-1.24,-0.45]
Trial 7 050" -0.11 0.88™"* 0477 -0.717*
[0.09,092]  [-0.47,0.25] [0.50,1.26] [0.17,0.77] [-1.12,-0.30]
Sex
Female Reference Reference Reference Reference Reference
-0.11 0.04 0.04 -0.04 -0.16
Male [-0.52,0.30]  [-0.32,0.40] [-0.33,0.40] [-0.33,0.25] [0.70,0.39]
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Interest Area
Logo Space  Brand Name Gummy Image Gummy Description Warning Label
Coefficient [95% CI]
Age
18-20 Reference Reference Reference Reference Reference
’ 0.11 0.08 -0.07 -0.13 -0.00
+
[-0.32,0.54] [-0.27,0.42] [-0.61,0.46] [-0.48,0.23] [-0.70,0.69]
Race & Ethnicity
Non-Hispanic White Reference Reference Reference Reference Reference
-0.10 -0.26 0.28 1.08 -1.18™
Non-Hispanic Black
[-1.43,1.23] [-0.68,0.15] [-0.46,1.02] [-0.09,2.25] [-2.06,-0.29]
-0.38 0.29 -0.25 0.19 0.26
Hispanic
[-0.93,0.17] [-0.19,0.77] [-0.79,0.30] [-0.26,0.64] [-0.63,1.15]
0.09 0.31 -0.08 -0.01 -0.21
Non-Hispanic Other
[-0.42,0.60] [-0.06,0.67] [-0.52,0.37] [-0.35,0.32] [-0.88,0.45]
Education
High School or Less Reference Reference Reference Reference Reference
0.17 -0.23 0.34 0.17 -0.36
Some College or Associate Degree
[-0.30,0.64] [-0.59,0.13] [-0.13,0.80] [-0.09,0.43] [-1.08,0.36]
-0.31 -0.22 0.07 065~ -0.39
Bachelor’s or Graduate Degree
[-0.97,0.34] [-0.64,0.20] [-0.58,0.72] [0.08,1.23] [-1.33,0.56]
Substance Use
0.06 0.28 -0.30 0.01 -0.28
Past-month Cannabis Use
[-0.30,0.42] [-0.16,0.71] [-0.70,0.10] [-0.28,0.30] [-0.92,0.37]
0.24 0.08 0.15 0.09 -0.36
Past-month Alcohol Use
[-0.19,0.67] [-0.39,0.56] [-0.36,0.67] [-0.22,0.40] [-1.12,0.40]
-0.95% 055" 0.33 -0.15 0.14
Past-month Cigarette Use
[-1.75,-0.14] [-0.90,-0.20] [-0.12,0.78] [-0.62,0.31] [-0.42,0.71]
1.08™ 198 130" 0.89™ 2.80™
Constant
[0.35,1.81] [1.47,2.49] [0.62,1.99] [0.44,1.33] [1.53,4.07]
Number of Views 504 504 504 504 504
P<.05
Ak
P<.01
Ak
P<.001

Page 23

Notes: The table displays the results of five multivariate linear regressions, each presented in a different column. Each column restricts the sample
to a different interest area. All regressions use fixation duration as the outcome variable and indicators for package image as they key explanatory
variables, and include control variables for trial order, sex, age, race and ethnicity, education, and substance use.
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