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ABSTRACT

Introduction: Increasing reinforcement received from cannabis-free activities, relative to reinforcement
from cannabis-related activities, is one way to reduce harmful cannabis use. Thus, accurate measurement
of cannabis reinforcement is important. Using convergent mixed methods, we developed the Adolescent
Reinforcement Survey Schedule-Cannabis Use Version (ARSS-CUV). ARSS-CUV, adapted from the alcohol
use version, measures cannabis reinforcement by asking individuals how frequently they engaged in, and
how much they enjoyed, different activities when using and not using cannabis. Method: Young adults (N
= 65; Mage = 20.4 years [SD = 1.8]) completed measures of cannabis use, the ARSS-CUV, and provided
feedback on included activities, via focus groups. Following Standards for Educational and Psychological
Testing framework, this study examined evidence of measurement validity based on item content. Results:
Quantitative findings revealed that peer interactions were the most reinforcing activities, whereas
activities related to family were least reinforcing. Qualitative findings indicated some confusion with
question wording. Participants also indicated the importance of environmental context when using
cannabis and noted who they use cannabis with may be more important than the activity they are doing.
Changes were made to survey flow and response choices after participant feedback. Conclusions: ARSS-
CUYV includes revisions in activities solicited and response format. The revised ARSS-CUV provides
opportunities to advance measurement of an important construct (i.e., reinforcement) in the study of
cannabis use. Psychometric properties of the ARSS-CUV across different populations and contexts of use
(e.g., polysubstance use) should be examined.
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Cannabis use is most prevalent among young
adults between 18 and 25 years of age (34.5%)
(Substance Abuse and Mental Health Services
Administration, 2021). Past year cannabis use is
reported by 44% of college students, and by 43% of
young adults who are not in college (Schulenberg
et al., 2021). Heavy cannabis use is a critical
public health concern as it is associated with
numerous deleterious outcomes, including

increased risk for cannabis use disorder (CUD)
(Cerdd et al., 2020), negative effects on
individuals’ cardiovascular health (Cohen et al.,
2019), and motor vehicle crashes (Rogeberg &
Elvik, 2016). With the rapid increase in
legalization of medical and recreational cannabis
in concordance with shifting normative
perceptions (Wallace et al., 2020), there is a need
to identify factors associated with, and intervene
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upon, harmful cannabis use among young adults.
Behavioral economic evidence suggests increasing
reinforcement received from drug-free activities,
relative to reinforcement from drug-related
activities, is one way to reduce harmful cannabis
use (Leventhal et al., 2015). Thus, accurately
quantifying reinforcement gained from cannabis
use 1s of critical importance, yet measurement of
cannabis reinforcement remains understudied.

Behavioral economic theory posits that
cannabis use is most likely to occur when it is
readily available, inexpensive, and when there are
few cannabis-free alternative reinforcers to
compete with its use (Higgins et al., 2004).
Cannabis use generally provides an immediate
reinforcement (e.g., anxiety reduction, euphoria),
whereas many cannabis-free activities (e.g.,
school or work attendance, chores) provide
delayed  reinforcement (e.g., graduation,
promotion) (Bickel et al., 2014). Individuals who
use cannabis heavily may under engage in
activities with the potential to compete with
cannabis use (such as exercising, studying, or
working) as the benefits of these activities are
often delayed.

Previously, the Adolescent Reinforcement
Survey Schedule — Substance Use Version (ARSS-
SUV) has been used to reliably capture
reinforcement from substance-related activities
(Murphy et al., 2005). The ARSS-SUV seeks to
measure the two core components of
reinforcement — strength of the reinforcer (.e.,
magnitude) and rate of reinforcement (G.e.,
frequency) (Acuff et al., 2019). Specifically, the
ARSS-SUV asks participants to indicate the
frequency with which they engage in a variety of
different activities (e.g., go to parties with friends)
with and without using alcohol or drugs and how
much they enjoyed each activity with and without
using alcohol or drugs. Frequency and enjoyment
ratings are multiplied to compute substance-
related and substance-free reinforcement, from
which a reinforcement ratio can also be calculated
(Acuff et al., 2019). In addition to a total score of
reinforcement, the ARSS-SUV can also be broken
down into sub-scales of activities, including peer-
related  activities, dating, and chores.
Reinforcement ratios from ARSS-SUV have been
related to several substance use outcomes (Acuff
et al., 2019) including past year alcohol use and
alcohol-related negative consequences (Hallgren
et al., 2016).

The ARSS-SUV allows for a broad assessment
of activity engagement and enjoyment for non-
specified substance use (i.e., use of alcohol or
drugs) to produce a substance-involved versus
substance-free reinforcement ratio. Therefore, it
does not allow for the identification of substance-
specific substance-involved and substance-free
activities, making it difficult to isolate what
activities (and in turn, reinforcement) are related
to a specific drug (e.g., cannabis) use. Hallgren
and colleagues (2016) adapted the ARSS to assess
alcohol-only reinforcement (ARSS-AUV), which
revealed a unique factor structure compared to
the ARSS-SUV. Their study also found that the
nature of the activity 1s less predictive of
frequency of alcohol use than with whom the
activity is performed (i.e., context), highlighting
the 1importance of examining context and
substance-specific reinforcement (Hallgren et al.,
2016).

A cannabis adaptation of the ARSS-SUV is
also needed to improve cannabis intervention
efforts. For instance, Dennhart and colleagues
(2015) tested a brief intervention to reduce
substance use and found that reinforcement ratio
at baseline was predictive of changes in cannabis
use at 6-month follow-up. Specifically, alcohol
using college students who also used cannabis and
had high reinforcement from substances were
more likely to reduce their substance use and
were more responsive to the intervention
(Dennhardt et al.,, 2015). However, because
reinforcement was measured via the ARSS-SUV,
it is challenging to disaggregate whether reported
substance-related reinforcement at baseline was
from alcohol, cannabis, or use of some other
substance.

Adapting the ARSS-SUV to cannabis by only
changing substances (i.e., replacing “alcohol and
drugs’ with “cannabis’ only) without further
refinement may not be sufficient. Compared to
measuring alcohol, many aspects of cannabis
complicate measurement of cannabis-specific
reinforcement, including lack of standards (e.g.,
hits, joints, grams). For instance, one study found
that the marijuana purchase task, which had been
adapted from the alcohol purchase task, had
differential latent factor structure when
compared, in part due to such measurement
issues (Aston et al., 2017). Measurement and
validity issues are further complicated by several
possible routes of administration (e.g., vaping,
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edibles, spotting) and the illicit nature of cannabis
at the federal level in the U.S. Thus, a cannabis-
specific reinforcement measure designed with
such considerations for the contextual factors
associated with cannabis and its use is needed.

Reinforcement gained from cannabis use may
also vary from reinforcement from using other
substances, due to differences in cannabis use
contexts. For example, cannabis use may involve
different types of social networks, be more or less
available and accessible, and be used in different
locations (Meldrum & Leimberg, 2018; Phillips et
al., 2020). Hence, activities that young adults
particularly engage in and enjoy (.e., find
reinforcing) with and without using cannabis
might not be fully captured by current versions of
the ARSS, limiting measurement of, and our
understanding and ability to intervene on,
cannabis reinforcement. Further, it is important
to examine the factor structure of the ARSS
subscales, to ensure that each subscale 1is
capturing relevant  activities. Enhancing
measurement of cannabis reinforcement can help
in developing and implementing more tailored
interventions aimed at reducing harmful
cannabis use. Thus, we sought to develop the
ARSS-Cannabis Use Version (ARSS-CUV) using a
convergent mixed methods approach.

This mixed methods study was based on the
Standards for FEducational and Psychological
Testing, which provides a framework for
collecting evidence of validity (American
Educational Research Association et al., 2014).
This study was focused primarily on evidence of
validity based on content, including the wording
and response format of items. One primary
concern when measuring reinforcing activities is
ensuring the activities are relevant to the
intended population. Failing to capture relevant
activities leads to a phenomenon known as
“construct underrepresentation,” which is one of
the biggest threats to validity (American
Educational Research Association et al., 2014, p.
12). Therefore, the purpose of this study was to
begin the process of testing and revising a
Preliminary ARSS-CUV to be cannabis-use
specific by aligning ARSS-SUV content to
activities of interest to young adults who use
cannabis.

METHODS

Study Design

This study used a convergent mixed methods
design, in which qualitative and quantitative data
were collected to gain a broader understanding of
a specific phenomenon (Figure 1). Consistent with
guidance in mixed methods research studies
(Fetters, 2020; Fetters & Molina-Azorin, 2017),
we integrated data on multiple dimensions. First,
with the intention to merge the two databases to
capture the reinforcing activities of young adults
who use cannabis, we used the Preliminary ARSS-
CUV to guide interviews and match constructs
asked in both data collection segments (Moseholm
& Fetters, 2017). Secondly, we used an identical
sample where the participants were in both the
quantitative and qualitative aims (Fetters, 2020).

Recruitment and Screening Procedures

Participants were 65 young adults between
ages of 18 and 26 years old who reported using
cannabis at least 3 times in the past month.
Participants were recruited through printed flyers
posted at public locations (e.g., restaurants,
stores) near a large university in north central
Florida. Interested participants contacted the
research team via phone or email and were
provided with an overview of study procedures
and a link to the screening survey. The online
screening survey included an informed consent
form followed by questions to determine
eligibility.

Eligible participants were then scheduled for
a focus group session and were sent a link to an
online survey to be completed before the focus
group. This survey included the informed consent
and collected data on drug use and related
activities, including the Preliminary ARSS-CUV.
All participants completed the Preliminary ARSS-
CUYV before the focus group session. At the end of
the focus group, participants were compensated
with a $30 Visa™ card. All procedures were
approved by the university’s institutional review
board.
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Figure 1. Convergent Mixed Methods Procedural Diagram of the

Current Study.
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Quantitative Measures

Screening  Survey.  Participants  were
presented with questions on age, gender, race,
employment status, and income. Participants
were also asked to report how many days they had
used cannabis in the past month.

Preliminary Adult Reinforcement Survey
Schedule — Cannabis Use Version (ARSS-CUV). A
preliminary, modified version of a 26-item ARSS-
SUV (Murphy et al., 2005) was used to determine
past-month engagement and enjoyment from
various cannabis-free and cannabis-related
activities. Modifications made to the ARSS-SUV
were minimal, primarily asking about participant
engagement in activities with or without cannabis
(instead of alcohol or drugs). Activity frequency
and enjoyment ratings were assessed using 5-
point Likert Scales ranging from 0-4. Frequency
ratings ranged from 0 (zero times per week) to 4
(more than once a day), and enjoyment ratings
ranged from O (unpleasant or neutral) to 4
(extremely pleasant). A cross-product score,
reflecting reinforcement derived from an activity
with or without cannabis, is calculated by

multiplying the frequency and enjoyment ratings
for each activity (Correia et al., 2003). The relative
reinforcing value of cannabis use, or the
reinforcement ratio (R-ratio) was then computed
[(cannabis-related total)/(cannabis-free total +
cannabis-related total)].

DSM-5 Cannabis Use Disorder (CUD)
Checklist. A categorical variable (i.e., none, mild,
moderate, severe) was created indicating CUD
severity based on participant responses indicating
experiencing any DSM-5 CUD related symptoms
in the past year (American Psychiatric
Association, 2013).

Focus Group Procedures

Nine in person focus groups were conducted in
a conference room located within a research space.
There were 5-10 people per focus group (M= 7.2),
and sessions lasted approximately 75 minutes.
Focus groups were moderated by the principal
investigator and trained research assistants, and
a trained note-taker was present during all
sessions.
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At the start of the focus group, participants
were instructed to refer to each other by the
numbered name tags at their seats and that the
session would be audio recorded. They were
informed that the purpose of the focus group was
to provide feedback about a questionnaire
assessing cannabis use and activities young
adults do while using cannabis.

Participants received a blank copy of the
Preliminary ARSS-CUV and the Pleasant Events
Schedule (PES; Correia et al., 2002) which were
used to stimulate discussion. In the first hour,
participants were asked to look at the Preliminary
ARSS-CUYV and circle activities people their age
commonly engage in and cross out activities they
thought people their age are less likely to engage
in. They then provided feedback on how to adapt
the measure to be more relevant to cannabis use.
After a 5-10-minute break, the remaining 30
minutes were spent discussing how other drugs
impact cannabis use, enjoyment of activities pre-
cannabis use versus post-cannabis use, and any
other relevant activities that may not have come
up in the discussion.

Data Analysis

Following the convergent mixed methods
design, data analysis was conducted prior to
merging results to develop mixed methods meta-
inferences.

Quantitative analysis. ARSS-CUV indices
were scored using R statistical software (version
4.2.2; R Core Team 2022). Cannabis-related and
cannabis-free reinforcement was calculated by
multiplying frequency and enjoyment for each
activity, from which reinforcement ratios were
calculated. Data were cleaned in IBM SPSS
Statistics (Version 25) and analyzed in SAS
version 9.4 (SAS Institute Inc). Descriptive
statistics of the cannabis reinforcement ratio were
examined. As a test of internal structure, we
originally intended to conduct an Exploratory
Factor Analysis (EFA) to determine if the factor
structure of the preliminary measure was similar
to that reported by Murphy and colleagues (2005).
However, due to the small sample size, the EFA
solution did not converge. Eigenvalue analysis
indicated a five-factor solution may be
appropriate for the data. Given the five factors
sub-scales identified for the ARSS-SUV (Murphy
et al., 2005), the factor structure for the

Preliminary ARSS-CUV was expected to be
similar. Thus, internal consistency reliability
estimates and correlations between factors are
reported. ARSS-CUV factor scores were
calculated based on the average response scores
for non-missing data (i.e., if a factor consisted of 3
items but only 2 were completed, the
demonimator would be a 2; Holmes et al., 1987).

Qualitative analysis. Transcripts of focus
group recordings were managed and analyzed
using MAXQDA (VERBI Software, Berlin,
Germany). Analysis focused on the addition or
revision of items for content representation on the
ARSS-CUV, and format considerations of the
measure. The first two focus group transcripts
were free coded by the second and last author.
Coding decisions were discussed to develop new
codes and resolve discrepancies through
consensus (Saldafia, 2015). Then, the two coders
separately coded the remaining seven focus group
transcripts, before the coded transcripts were
merged in MAXQDA. Lastly, the second author
audited the transcripts to ensure the code scheme
was applied consistently.

Mixed methods. Mixed methods data analysis
was facilitated by assessing quantitative and
qualitative results that were matched on
constructs. Instead of reporting results
separately, we report findings from both data
sources based on the similarity of constructs in an
integration process known as weaving (Fetters et
al., 2013).

RESULTS

Sample Characteristics

Participants were on average 20.4 years old
(SD = 1.77), with the vast majority (96.9%) being
college students (Table 1). Approximately half
were White (49.2%), and slightly over half were
women (55.4%). Participants used cannabis an
average of 19.9 days per month. Of the
participants who met the symptom count criteria
for DSM-5 CUD diagnosis (83.1%), almost half
were classified as mild CUD.

Evidence of Validity based on Internal Structure
Estimates of mean item responses, internal

consistency reliability, and R-ratio correlations
are provided in Table
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Table 1. Demographic Characteristics.

Characteristic
Age in years, M (SD), range

Race
White

Hispanic or Latino

Asian

Black or African American

Other

Biracial or multiracial

Gender

Woman

Man

Non-binary
Attend college

Yes
No

Cannabis use days, past month, M (SD), range

CUD diagnostic criteria, DSM-5

None (0 — 1 symptom)
Mild (2 — 3 symptoms)

Moderate (4 — 5 symptoms)

Severe (6+ symptoms)

% (n)
20.40 (1.77)
18— 26

49.23% (32)

21.54% (14)

16.92% (11)
1.54% (1)
1.54% (1)
9.23% (6)

55.38% (36)
43.08% (28)
1.54% (1)

96.92% (63)
3.08% (2)
19.94 (8.81)
3-31

16.92% (11)
38.46% (25)
24.62% (16)
20.00% (13)

Table 2. Internal Structure Based on Assumed Factors of Scores on the preliminary ARSS-CUYV.

Factor

Dating
activity

Peer
interaction

Sibling &
family
interaction

Sexual

activity

Chores

Total

Reinforcement

Ratio Score
(SD)

0.31
(0.20)
[n=31]

0.37
0.19)
[n=53]

0.16
(0.19)
[n=51]

0.28
(0.25)
[n=59]

0.29
(0.24)
[n=56]

0.31
0.17)

[28]

Internal consistency
(Unstandardized o)

Cannabis
-related
Cross
product
0.86
0.88
0.77
0.88

0.67

0.90

Cannabis-
free cross
product

0.92

0.92

0.89

0.91

0.84

0.94

Dating
activity

0.70%**
[n=29]

0.76%**
[n=29]

0.59**
[n=30]

0.48%*
[n=29]

0.89%%**
[n=28]

Reinforcement Ratio Correlations

Peer Sibling &

Inter- family Si).(u.il
action interaction actuvity
0.63***

[n=50]

0.47%* 0.58%%*

[n=53] [n=51]

0.45%* 0.36%* 0.28*
[n=53] [n=50] [n=56]
0.89%%** 0.88%%* 0.63**
[n=28] [n=28] [n=28]

Chores

0.68%**
[n=28]

Note. Reinforcement ratio correlations present p-values that are not corrected for multiple comparisons. Interpret
with caution. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Unstandardized Cronbach’s alpha for both the
cannabis use and cannabis-free measures were
high (as = 0.90 and 0.94, respectively). Mean R-
ratio was highest for the Peer interaction factor
(R-ratio mean = 0.359), and lowest for Sibling and
family interaction (R-ratio mean = 0.141).
Internal consistency reliability was high for both
the cannabis-related and cannabis-free cross
products for all factors except for the cannabis-
related cross product for Chores. R-ratio
correlations were significant for all factors, and
ranged in strength from weak to strong effect
(Pearson rs 0.297-0.897).

Evidence of Validity Based on Content and
Response Processes

Table 3. Descriptive Item-Level Statistics

Evidence of validity based on content and
response processes were identified based on item-
level statistics and focus group responses to
prompts about the activities that were and were
not included in the Preliminary ARSS-CUV
(which are the same activities from the ARSS-
SUV). This section first provides an overview of
the activities included on the survey, and
activities that the participants indicated were
relevant to them, followed by information about
the response formats of the survey.

Item content. Descriptive, item-level statistics
are shown in Table 3. Items (i.e., activities) with
R-ratio approaching 1.0 are more reinforcing
when using cannabis; items with higher cannabis-
free reinforcement values indicate the activities
were more reinforcing without cannabis.

Original
ARSS-SUV Item
Factor n
Go places with dates or
Dating_1 potential romantic partners 60
Talk with dates or
Dating_2 potential romantic partners 58
Go out to eat with dates

Dating 3 or potential romantic 39

partners
Flirt with dates or
Dating_4 potential romantic partners 58
Get compliments from

Dating_5 dates or potential romantic 49
partners

Dating_6 Go on dates 37

Kiss dates or potential
Dating_ 7 romantic partners 47
Leisure. 1 Exercise or participate in 58
sports

Peer_1 Go out to eat with friends 59

Peer 2 Talk leth same sex 58
friends

Peer_3 Go places with friends 58

Peer_4 Go for a walk with friends 60

(SD)

Cannabis-free
Reinforcement Value

Reinforcement Ratio

Mean Mean
Range n (SD) Range
0.28 3.54
(0.29) Otol 63 (424 0to16
0.29 6.68
(0.25) Otol 62 (637 0to16
0.28 3.24
(0.28) Otol 62 (4006 0to 16
0.35 5.42
(0.31) Otol 62 (556 0to 16
0.33 6.41
0.2 0 to 0.86 61 (579 0to 16
0.30 3.05
(0.31) Otol 62 (373) 0to 16
0.34 5.34
(0.29) Otol 63 (579 0to 16
0.16
6.53
(0.23) 0 to 0.80 62 (5.52) 0to 16
0.44 6.25
(0.28) Otol 63 (439 0to 16
0.44 11.31
0.27) Otol 62 (5.09 0t 16
0.40 8.92
(0.24) Otol 62 (542 0t 16
0.25 3.51
(0.31) Otol 63 (448 0t 16
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. 0.29
Talk on the phone with 5.68
Peer_5 friends 60 (0.29) Oto1 63 (569 0to 16
Peer_6 Go to parties with friends 56 (8'22) Oto1l 62 (ffg) 0to 16
Talk with friends about
Peer 7 day’s activities 58 (00'2826; Oto1l 62 (},_.)0421)1 0to 16
Get compliments from 0.33 6.89
Peer_8 friends 58 (0.24) 0 to 0.82 62 (5.38) 0to 16
Peer_9 Meet new people my age 60 (é) 22% Oto1l 63 (458179) 0to 16
Go hang out where
Peer_10 friends meet 55 (82371) Oto1l 62 (552879) 0to 16
Interact with people of
Peer 11 own age and sex 58 (5)23;) Oto1l 61 (592870) 0to 16
Write email, text
Peer 12 messages, or letters to friends 57 (é) 235) Oto1l 60 (éoogj 0to 16
Go places with siblings or 0.19 333
Family_1 family members 52 © '29) Oto1l 61 (4 '23) 0to 16
. Talk with siblings or 0.19 7.83
Family 2 family members o1 (0.24) 00 0.67 60 (5.18) 0to 16
Go out to eat with siblings 0.12 357
Family_3 or family members 59 © '23) Oto1l 62 (4 5 6) 0to 16
Tell secrets to siblings or 0.10 1.92
Family_4 family members 59 © '25) Oto1l 62 (3 '77) 0to 16
Spend weekends or 0.12 3 69
Family_5 vacations with siblings/family 59 © 2 4) Oto1l 62 (4 6 5) 0to 16
Caressing with a
Sex_1 date/romantic partner 59 (8 2392) Oto1l 62 (55 2438) 0to 16
Oral sex with a
Sex_2 date/romantic partner 59 ((? 2298) Oto1l 62 (:257) 0to 16
Sexual intercourse with a 0.29 469
Sex_3 date/romantic partner 59 © ’29) Otol 62 (4 '93) 0to 16
Weekends/vacations with 0.21 2.1
Sex_4 romantic partner 59 (0.32) Otol 62 (3.57) 0to 16
0.17 798
Chores_1 Going to school 56 (0.25) Oto1l 60 4 '78) 0to 16
0.22 5.98
Chores_2 Studying 56 (0.33) Otol 60 (4 '83) 0to 16
Chores_3 Doing chores at home 58 (é) ;5 Oto1l 61 (:24;3) 0to 16

Note. Items with reinforcement ratios closer to 1.000 indicate activities that were more reinforcing when using cannabis than when not
using cannabis.
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Dating. Dating or activities with potential
romantic partners were relatively less reinforcing
when engaged in after cannabis use (R-ratio
range: 0.208-0.351). The dating item with the
highest cannabis-free reinforcement value was
flirt with dates or potential romantic partners.
Focus groups indicated multiple opportunities to
revise the content of items. First, participants
indicated confusion on what ‘romantic partners’
meant. This difference in understanding the item
wording reportedly influenced their item
response, and how researchers may interpret the
response data.

“The other thing was that I put four [on the
Likert-type survey, which is the highest score for
frequency and enjoyment of each activity/ for
everything where romantic partners were
concerned, but I am in a relationship. I think that
blurred the lines — it may if I'm in a relationship,
but if I'm not, it seemed like I just go on a lot of
dates and with different people...I don’t think that
when under the influence of drugs, I would go on
a date with a stranger.” (Focus Group [FG] I,
Participant [P]3)

In addition, some highlighted concerns with
understanding the items. As some items related to
hanging out with friends indicate hanging out
with same sex friends, it led to confusion with
interpreting the flirting items.

“Yeah, it seems inherently heteronormative.
What does that mean if I'm bi? Then, it goes into
all of the flirting questions. I'm like, I don’t get
it.” (FG 6; P1)

Leisure. There was only one item related to
leisure: exercising or participating in sports. This
was associated with low cannabis reinforcement
(R-ratio = 0.16). In focus groups, participants
indicated that there should be a distinction
between solo-exercising (e.g., weightlifting) and
playing recreational sports which have a social
component.

Participants encouraged a number of new
activities to be added to the measure including:
sleep, listening to music, watching TV, movies, or
YouTube, exercising, arts and crafts, shopping,
playing video games, scrolling through social
media, and relaxing through meditation or yoga.

These activities were indicated as being
differentially reinforcing depending on cannabis
use.

“A Iotta stuff you do normally would just be
heightened by smoking, listening to music, just
eating anything, going out and shopping, getting
groceries. [Smoking cannabis/ just makes it
better.” (FG 6: P6)

Peer. Ttems within the peer factor had the
highest reinforcement ratios and cannabis-free
reinforcement values on the scale. Going to
parties with friends had the highest cannabis
reinforcement of all items (R-ratio=0.516).
However, participants indicated confusion with
this item, and that the item may not have been
accurately measuring the intended construct.

From Focus Group 6:

“Also, maybe going out is different than going
to a party ‘cause youre at a public bar versus a

house or something. Going out versus a party...”
(rs)

“There’s a difference between a house party
and a bar scene.” (P3)
From Focus Group 2:

“Honestly, partying, I stopped doing a lot. 1
know that’s maybe not directly the question you're
asking, but I definitely stopped partying a lot after
I started smoking a lot.” (P2)

“Yeah, me too. I never really went to parties

that much, and if I do now, they're weed parties.”
(P4)

Furthermore, participants indicated it was
important to differentiate between scenes where
drug use was more expected (e.g., concert) than
going out to a nightclub, or if cannabis was being
used with friends.

Highly reinforcing cannabis-free activities
were related to communication with friends
(cannabis-free reinforcement values > 10).
However, participants indicated these items may
be unnecessarily gender specific and outdated
(e.g., writing letters). Participants also wanted
more clarity on the type of conversations that they
were having. When high, ‘you can have really deep



Cannabis, A Publication of the Research Society on Marijuana

conversations’; participants distinguished this
level of conversation from ‘chatting.’

Participants indicated that items asking
getting compliments from friends were irrelevant
and should be removed from the survey.

From Focus Group 4:

“I dont reallr understand  getting
compliments’ [as an activity].” (P5)

“It’s on there twice, too. Get compliments from
dates and get compliments from friends...” (P6)

“That’s not an activity. I'm thinking of
activities as something I go out of my way to do.”
(P2)

One item that was more controversial was
walking with friends. Some participants indicated
that it was not a relevant activity for them to
engage in; some participants, however, indicated
that they routinely ‘explore all of campus high.’
This item had the lowest reinforcement ratio on
the peer factor (R-ratio = 0.249).

Family. The items related to family had the
lowest reinforcement ratios and cannabis-free
reinforcement value ranges of the entire
instrument. 7elling secrets to siblings or family
members (R-ratio = 0.102) was perceived as an
irrelevant activity by participants despite being
sensitive to individual differences and contexts.

“T also really liked the question about [telling/
secrets because I feel like I can't tell my family
stuff ‘cause I know my sister will tell my mom
right away. .... I really like that question ‘cause it
applies very differently to people.” (FG 2; P5)

In general, however, participants felt that it
was inappropriate to be using cannabis while
around family (supporting the lower R-ratios).

From Focus Group 8:

“I feel Ilike a lot of the family member
[questions] may be a bit tricky ‘cause I'm not tryin’
to hang out with my mom while I'm blazed.” (P10)

“I dont wanna speak for everyone, but
[smoking with family] is just not right. If you're
home with your family, then you walk out [to
smoke]/ and come back in, unless its
Thanksgiving. That’s a different story.” (P9)

Sex. Caressing romantic partners had the
highest reinforcement ratio of the items related to
sexual intimacy (R-ratio = 0.319); yet, this item
was perceived to be ‘weird’ and redundant.

“I'd also say joining caressing, oral sex and
sexual intercourse [as a single activity] maybe.
That'’s physical touch with your romantic partner,
unless there’s a reason to—why those need to be
lasked separately]...” (FG 7: P8)

In contrast, during focus groups, participants
described a variety of sexually intimate behaviors
they felt were applicable to the cannabis-
reinforcing activities including masturbation, sex
with a partner who is also high, and sex with a
partner who is not high.

“Personally, with my boyfriend, if he's high
and I'm not, I don't enjoy it as much 'cause I feel
like we're not in the same place, and then vice
versa. Also, 1If we're both high, it can be really,
really enjoyable...” (FG 2; P2)

Chores. The chores domain had the second
highest mean R-ratio score, which was driven by
doing chores at home having the second highest
item-level R-ratio of the entire questionnaire (R-
ratio = 0.472). Doing chores at home (e.g., laundry,
cleaning dishes) was perceived as enjoyable when
high.

“Yeah. I know there’s one question about doing
chores at home. It’s definitely more enjoyable to
do stuff'like that when you're high like cleaning. I
feel Iike time is less important. It’s like, ‘Oh, 1
have time to do things I need to do,’ so I'll cook. I'l]
do little stuff that I've been meaning to do.” (FG 8,
P1)

Some participants, however, felt that the
activities they were doing at home (e.g.,
organizing) would not be considered a chore. The
items related to schoolwork and studying were
perceived as relevant to participants, and may
differentiate between participants’ usage patterns
(e.g., some participants indicated they ‘definitely
wouldn’t’ go to school or study high, while others
go ‘to class high almost every single day’). Similar
to other activities, cannabis was a way to
‘enhance’ otherwise monotonous activities.
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Participants also recommended adding working
as an activity. Other activities that were
recommended in this domain were cooking and
grocery shopping.

Item response format. Focus groups provided
several format considerations. There was
substantial discussion regarding confusion given
the format of the ARSS-SUV and use of numerical
values for ‘enjoyment’ and ‘frequency’ for
activities when cannabis was and was not being
used.

“Yeah, it was just a lot to think about, the
difference and then how many times for each
scenario if you were using [cannabis or not/.
FEspecially because it’s so repetitive, I was just
like—I put this for this answer. I'm just gonna put
the same [answer] cuz it’s the same question for
me.”(FG3;P6)

This is a major concern for reliability and
validity of responses, as participants indicated
that they ‘completely ignored the key for
responses and used the actual frequency instead
of the intended frequency measure.

This concern is also related to participant
burden. In addition to the length of the survey,
other considerations included the usability of the
survey on mobile phones. Lastly, participants
were not sure what to include for ‘enjoyment’
when the ‘frequency’ was never (value of 0). This
was particularly relevant for activities, such as
vacations, which are infrequent.

Mixed Methods Findings

We integrated findings from the quantitative
and qualitative data sources to develop a revised
version of the ARSS-CUV. The revised
preliminary survey and scoring instructions is
provided in Supplemental File 1.

DISCUSSION

Substance use is related to the availability and
reinforcing aspect of substance-free and
substance-involved activities (Bickel et al., 2014).
Much of the evidence has utilized measures of
reinforcement, such as the ARSS-SUV which
broadly assesses reinforcement from activities
with and without using alcohol or drugs. This
study was the first to attempt to adapt a
reinforcement measure specifically for cannabis
use by utilizing mixed-methods procedures to test

a modified, cannabis version of the ARSS and
collect formative data to guide measurement
refinement.

The preliminary ARSS-CUV had high internal
consistency, and reinforcement ratios between
each of the five factors were significantly
correlated. The ARSS-CUV measures the relative
reinforcing value of engaging in activities with
cannabis compared to without cannabis.
Assessment of engagement in different activities
via the ARSS-CUYV allows for quantification of the
relative enjoyment and frequency (i.e., magnitude
and rate of reinforcement; R-ratio) of individuals’
behavioral allocation with and without cannabis.
Future studies will examine if cannabis-
reinforcement as measured by the revised ARSS-
CUV is associated to cannabis use and CUD
symptom severity. Further, recent evidence
indicates that behavioral economic interventions
that promote cannabis-free activity engagement
among adults with CUD are promising in
reducing cannabis use (Coughlin et al., 2023).
Moreover, research shows that substance-free
reinforcement moderates treatment response,
such that those who reported low levels of
substance-free reinforcement at baseline showed
greater reductions in heavy drinking following
brief intervention (Murphy et al., 2012). Future
research may test whether cannabis-free
reinforcement as measured by the ARSS-CUV is
predictive of treatment response, and whether
increasing cannabis-free reinforcement is a viable
intervention target.

The revised ARSS-CUV was tailored to a
young adult population by ensuring that the
survey items (i.e., activities) were relevant and
salient. Availability and access to potentially
reinforcing  activities 1s an  important
consideration when measuring reinforcement.
Future studies may need to test and adapt the
ARSS-CUYV if measuring cannabis reinforcement
in samples that are considerably different (e.g., in-
treatment populations). Further, given the length
and structure of the ARSS-CUYV, as highlighted by
participants’ comments regarding its repetitive
nature, future research should test and validate
briefer versions to assess cannabis-related and
cannabis-free reinforcement.

The five-factor subscales of the ARSS-CUV
was informed by the ARSS-SUV (Murphy et al.,
2005). Of the five subscales, the Peer interaction
factor had the highest reinforcement ratio, while
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the Siblings and family factor had the lowest.
Overall, internal consistency was high for both
cannabis-related and cannabis-free cross products
across all factors (except for Chores) and
reinforcement ratio correlations were also
significant for all factors. The findings related to
internal structure, however, are secondary to the
evidence related to the content of the measure. We
identified specific activities young adults who use
cannabis engage in and find reinforcing, which are
discussed below.

Dating. Within the dating subscale, activities
involving romantic partners were less reinforcing
when using cannabis. Young adults may not be
comfortable interacting with dates while under
the influence of cannabis, which 1s consistent with
their verbal responses, suggesting feelings of
discomfort when using cannabis with individuals
they do not know well. This may in part be due to
confusion surrounding how “potential romantic
partner” was defined. Participants felt that their
decision to use cannabis with romantic partners is
dependent on length of time knowing the person
(long-term relationship versus “hooking up”),
which might influence reinforcement. Hence, it
may be important to assess and control for
relationship status when measuring cannabis
reinforcement in this population.

Leisure. Participants strongly encouraged
addition of leisure activities including playing
video games, communicating via social media,
arts and crafts, and separating exercise from
sports, which were incorporated in the revised
version. Interestingly, many  participants
encouraged the addition of sleep as it was a
commonly reported motive for using cannabis in
this sample. Yet, how to best assess cannabis-free
vs. cannabis-involved reinforcement from sleep
remains unclear. Some participants
recommended defining sleep as “downtime before
bed” in which the frequency and enjoyment
(perceived sleep quality) of using cannabis before
bed would be assessed. The current ARSS-CUV
does not include sleep, however, future research
should examine how to properly define and assess
sleep-related cannabis reinforcement.

Peer. Reinforcement ratios and cannabis-free
reinforcement values were highest among the
peer factors. This is consistent with findings from
the alcohol specific reinforcement literature which
highlights that the social component of substance
use may be more important from a reinforcement

and risk aspect than the type or nature of the
activity (Hallgren et al., 2016). Future studies
could assess whether activities were conducted
alone or with peers. Type of peer-involved activity
was also important from a reinforcement
standpoint with parties providing more cannabis-
related reinforcement and communication with
peers providing high levels of cannabis-free
reinforcement. Future research will examine
relations between social groups and social
network affiliations to Dbetter understand
reinforcement from activities such as interacting
with people of own age. The revised measure
differentiates between house parties and going
out to bars/clubs as this distinction may influence
cannabis use and reinforcement. Similarly, we
eliminated the same-sex wording throughout.

Family. Family related items had the lowest
reinforcement ratios and cannabis-free
reinforcement value ranges on the measure. Most
young adults were not comfortable using cannabis
when with parents, whereas some were
comfortable using around siblings or cousins.
Time spent with family, especially parents, may
serve as a protective factor for risky cannabis use.
This is consistent with evidence suggesting young
adults adjust their substance use based on the
environment, including parental influence (Miller
et al.,, 2016). Future research could separately
assess activity reinforcement with different types
of family members (e.g., siblings; parents).
Further, because the sample was primarily
college students, the frequency of engagement in
family-related activities may be lower due to
participants being away at school which may
impact interpretation of reinforcement levels.
Hence clarifying or assessing opportunity to
engage in family-related activities may be useful
when assessing cannabis-free and involved
reinforcement with this population.

Sex. Although participants reported that
sexual activity with cannabis was highly
reinforcing during the qualitative focus group
discussions, quantitavely, sexual activity had the
second lowest raw reinforcement ratio score (only
higher than sibling and family interactions).
These contrasting findings may be explained in
part by the phrasing of the question in survey
which was perceived by particpants as ‘weird’ and
redundant. Based on participant
recommendations, the sex-related questions were
simplified and reduced to one question
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encompassing multiple sexual related behaviors
for the main measure. Sexual activities while
under the influence of cannabis (i.e., high from
cannabis use), and in situations where both the
individual and the sexual partner are both “high”
appear to be particularly enjoyable and may thus
be differentially reinforcing. This increased
reinforcement from “sex while high” may also
increase odds of future cannabis use and higher
consumption, which may increase odds of CUD,
and should be examined in future studies, using
the sex-module to the ARSS-CUV. Participants
also acknowledged that sex is, in many ways, a
unique activity compared to other activities
included in the ARSS-CUV, suggesting it may
warrant a separate, specific sex reinforcement
module to be developed in the future.

Chores. The chores domain had the second
highest mean reinforcement ratio score,
indicating high levels of enjoyment when doing
chores while using cannabis, especially home-
related chores. Changes made to this section
include adding examples of common chores
completed at home, adding a chore conducted
outside of the home (e.g., grocery shopping), and
adding cooking as its own question among other
minor changes. Academic-related activities like
studying seemed to be a protective factor for some
participants while others noted experiencing
reinforcement from wusing cannabis when
engaging in these activities. This is consistent
with behavioral economic literature
demonstrating that academic and career related
next-day responsibilities (e.g., test) are related to
reductions in substance use demand (Ferguson et
al.,, 2021; Skidmore et al., 2011). Those who
verbally indicated enjoying using cannabis during
academic activities may be less sensitive to
environmental contingencies which places them
at increased risk for cannabis related
consequences.

This study has limitations. The use of a small
convenience sample in the quantitative aim led to
the inability to explore the factor structure, even
though the current sample (N = 65) is comparable
to the ARSS-SUV study (Murphy et al., 2005; N=
54). However, in mixed methods studies, the
alignment between samples across data sources
(i.e., use of quantitative and qualitative data) is a
relative strength, bolstering confidence in
findings (Perez et al., 2023). In addition, there
were very few non-college students (n = 2); thus,

generalizability to the broader young adult
population may be limited. Methods (e.g., use of
self-report, focus groups) may introduce some bias
(e.g., desirability) despite efforts to minimize their
effects.

Conclusions

This study is the first to adapt a reinforcement
measure specifically for cannabis use using a
mixed methods design. While our results provide
some initial support for the validity of the ARSS-
CUYV, there are several opportunities to improve
the measurement of cannabis reinforcement.
Future research should test psychometric
properties of this measure across different
populations.
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