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Abstract

Rationale. Smoking both cigarettes and cannabis increases disease risk and can reduce the odds of cigarette
smoking cessation, undermining efforts to reduce smoking-related death and disease. Evidence suggests that
cigarette and cannabis smoking are mutually reinforcing, however, the mechanisms that support this relation are
unclear. Behavioral economics can elucidate relations between cigarette and cannabis co-use using hypothetical
purchase tasks (HPTs), but these tasks must be validated to ensure accuracy and avoid potential biases.

Objectives. To assess the validity and measurement equivalence of cannabis Single and Cross-Commodity HPTs
among people who co-use cigarettes and cannabis.

Methods. Participants (Co-Use [n=124]; smoke cigarettes only comparison group, CigOnly [n=22]) completed Single-
Commodity (SC) Cigarette and Cannabis HPTs followed by Cigarette manipulated and Cannabis manipulated Cross-
Commodity (CC) HPTs. Data was examined for systematicity followed by convergent and discriminant validity and
measurement equivalence using correlations between demand intensity and measures of nicotine and cannabis
dependence.

Results. All HPTs demonstrated reasonable systematicity, convergent and discriminant validity, and measurement
equivalence with a few caveats. Co-Use participants were less likely to complete HPTs and submit systematic
responses than CigOnly participants. The SC Cannabis HPT failed to show convergent measurement equivalence
between the overall sample and Co-Use participants, and the CC Cannabis manipulated HPT failed to show
convergent validity with measures of cannabis dependence.

Conclusions. Co-use was associated with HPT non-completion and non-systematic responding. Cannabis
dependence measures employed were only useful for assessing convergent validity in the overall sample with the
variability provided by CigOnly participants.

INTRODUCTION

Cigarette smoking continues to cause an extraordinary amount of death and disease in the United States (US)
(National Center for Chronic Disease Prevention and Health Promotion (US) Office on Smoking and Health 2014;
Substance Abuse and Mental Health Services Administration 2021). A substantial and growing proportion of people
who smoke cigarettes in the US also smoke cannabis, and smoking remains, by far, the most frequent route of
cannabis administration (Quader et al. 2025). Smoking both cigarettes and cannabis increases risk for lung cancer
and other respiratory diseases and reduces the odds of achieving cigarette smoking cessation,(Weinberger et al.
2020, 2021; Dave DM, Liang Y, Pesko MF, Phillips S, Sabia JJ 2022; McClure et al. 2025; Gallagher et al. 2026)
undermining efforts to reduce smoking-related death and disease.

The prevalence of cigarette and cannabis co-use has been steadily increasing in concert with increases in cannabis
use (Weinberger et al. 2022; Rubenstein et al. 2024). In 2021, the prevalence of regular daily cannabis use among
young adults reached 11%, the highest levels ever recorded (NIDA 2022). Among older adults, past-year cannabis use
increased 75% from 2015 to 2018 (Han and Palamar 2020). At present, about 40% of people who smoke cigarettes
have used cannabis in the past 30 days,(Xue et al. 2026) and 70-90% of people who use cannabis regularly smoke
cigarettes (Agrawal et al. 2012; Goodwin et al. 2018).

Evidence suggests that cigarette and cannabis smoking are mutually reinforcing,(Rabin and George 2015;

Subramaniam et al. 2016) however, the mechanisms that support this relation are unclear (Rabin and George 2015;

Subramaniam et al. 2016; Peters et al. 2021). Co-use is linked with greater nicotine dependence,(Rubinstein et al.
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2014) the propensity for relapse to cigarette smoking,(Fiore et al. 2008; Weinberger et al. 2020, 2021) and a
diminished response to evidence-based smoking cessation treatments (Tullis et al. 2003; Scherma et al. 2008, 2016;
Rabin and George 2015; Subramaniam et al. 2016; McClure et al. 2019, 2020; Britton et al. 2020; Weinberger et al.
2021; Goodwin et al. 2022). To date, there has been little success improving cigarette smoking cessation among
people who smoke cannabis (Nguyen et al. 2024). Increased understanding of the mechanisms that facilitate and
maintain cigarette smoking among people who smoke cannabis explicate these relations and perhaps identify new
therapeutic targets for cigarette smoking cessation for this population.

Behavioral economic frameworks yield robust information about the reinforcing value of substances in relation to
other substances (Weinsztok et al. 2023). Hypothetical purchase tasks (HPTs) are used to measure the reinforcing
value, or demand, for substances (Roma et al. 2017). Demand for substances is linked with the quantity and
frequency of substance use and the severity of substance use disorders (Nighbor et al. 2019; Strickland et al. 2020;
Ferguson et al. 2021). Single commodity (SC) HPTs assess demand by asking people to estimate how much of a
substance they would purchase at escalating prices. Cross-commodity (CC) HPTs assess the relatedness of two
substances by assessing how demand for one substance changes when other substances are available at escalating
prices (Bickel et al. 1995; Hursh et al. 2013; Weinsztok et al. 2023). Like all scientific measures, however, HPTs must
be interpreted in the context of their psychometric properties including validity (i.e., the degree to which the HPT
measures what it is intended to measure)(Swan et al. 2023) measurement equivalence within specific populations
(Stein et al. 2015; Putnick and Bornstein 2016; Frongillo et al. 2019). Consideration of the psychometric qualities of
HPTs is needed to facilitate the translation of these important tools in the study of co-use of cannabis and cigarette
smoking.

This study builds on previous studies that employed SC and CC HPTs to examine cigarette and cannabis co-use
(Peters et al. 2017; Cooper et al. 2023). Cooper et al. employed SC tasks purchasing cigarette packs and % gram
joints, and one CC task that price-maniputed % a gram joints and offered cigarette packs at a fixed price ($6) among
participants who used cannabis in the past 12 months. About 1 in 5 participants (17%) provided purchasing data that
was non-systematic (e.g., illogical demand curves, unrelated to price, etc.) and were eliminated from the analyses.
Outliers were top-coded (Cooper et al. 2023). Peters et al. (2017) employed two similar SC tasks using cigarette and
cannabis puffs, and two CC tasks, one of which manipulated cigarette puffs and the other manipulated cannabis
puffs. Participants used cannabis 20-30 days per month. About 1 in 5 (21.9%) participants’ who completed the tasks
provided non-systematic (n = 22) or extreme outlier (n = 1) data and were eliminated from the analyses.(Peters et al.
2017) While the analytic procedures in these two studies largely conform to methodological recommendations,(Stein
et al. 2015) other forms of validation (e.g., convergent, discriminant, measurement equivalence) are yet to be
considered.

The purpose of this study is to extend this work by examining the validity of cigarette and cannabis SC and CC HPTs
among adults who smoke cigarettes and cannabis. We administered four HPTs: SC Cigarette, SC Cannabis, CC
Cigarette manipulated, and CC Cannabis manipulated HPTs. We limited the route of administration to smoking
because smoking is the most prevalent route of cannabis administration among adults and is linked with increased
health risks (Quader et al. 2025; McClure et al. 2025; Gallagher et al. 2026). This study did not examine purchasing
patterns (e.g., substitutes, complements, etc.) because we deemed an examination of the validity of the tasks to be a
necessary precursor to evaluating purchasing patterns. We included adults who only smoke cigarettes for
comparison purposes. Methodological expectations, hereafter described as methodological validity,(Stein et al. 2015)
convergent and discriminant validity,(Wetzel and Killisch 2025) and measurement equivalence (Putnick and Bornstein
2016; Frongillo et al. 2019) were examined. See Table 1 for hypotheses.
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MATERIALS AND METHODS

Participants were adults, > 18 years, who contacted the New York State Quitline (NYSQL) to quit smoking cigarettes.
Inclusion criteria were English literacy, smoking at > 8 cigarettes per day (CPD), absence of current Alcohol Use
Disorder (i.e., < 15 on the Alcohol Use Disorders Identification Test),(Bohn et al. 1995) having access to an electronic
device to complete study tasks. Participants were assigned to the CigOnly group if they reported 0 past-month days
of cannabis use (DCU) and the Co-Use group if they reported > 0 past-month DCU. Participants were recruited by
mailing and emailing flyers from June 2022 to August 2023.

Procedures. The tasks were administered and all data were collected online using Qualtrics (Provo, UT). All
participants were asked to complete all four HPTs. The administration of the SC tasks were randomized followed by
randomized administration of the CC tasks.

Measures. Sociodemographics and cigarette-related measures were used to characterize participants including usual
number of CPD, age started smoking, years of smoking, and menthol cigarette smoking. The 6-item Fagerstrom Test
for Nicotine Dependence (FTND) was used to assess nicotine dependence (Heatherton et al. 1991; Fagerstrom et al.
2012). Motivation and self-efficacy for smoking cessation were assessed with two items measured on a scale from
0-10 where 0 is “not at all” and 10 is “the most ever”: “How much do you want to quit tobacco?” and “How confident
are you that you can quit tobacco and stay quit for good?”(Moolchan et al. 2003; Mccarthy et al. 2010). Intentions to
quit smoking cigarettes were assessed by asking about plans to quit smoking, last serious quit attempt, and past-
month days using smoking cessation medications (i.e, nicotine gum, lozenges, patches, inhaler, Zyban, or Chantix).
Cannabis use-related measures included past-month DCU and the Marijuana Dependence Checklist (MDC), a 10-item
checklist for assessing past-year marijuana dependence.([CSL STYLE ERROR: reference with no printed form.]) See
Supplemental Material for MDC items. Past 30-day levels of psychological distress were assessed with the 6-item
Kessler K6 (Kessler et al. 2002, 2011; Prochaska et al. 2012). K6 scores > 4 indicate moderate levels of distress and >
12 indicate serious psychological distress. History of substance use problems was assessed by asking if participants
were in recovery from drugs and/or alcohol.

Hypothetical purchase tasks. Prior to each task, participants were instructed to assume that: 1) the available products
were their own brand of cigarettes and/or preferred strain of cannabis; 2) they had the same income/savings they
have right now; 3) they have no access to other tobacco, nicotine, or cannabis on this day; and 4) they would consume
what they purchased within the next 24 hours (Aston and Meshesha 2020; Weinsztok et al. 2023). The smallest unit
of cannabis purchasing was one gram, and cigarette purchasing was one cigarette. We limited the timeframe for the
consumption of purchases to the next 24 hours to provide a brief, foreseeable temporal window for use. For the SC
Cigarette and CC Cigarette manipulated HPT, prices per cigarette were S0, $.12, $.25, $.50, $.75, $1.00, $2.00, $4.00,
$8.00. For the SC-Cannabis HPT and CC Cannabis manipulated HPT prices per gram were S0, $1.20, $2.50, $5.00,
$7.50, $10.00, $20.00, $40.00, $80.00. The CC Cigarette manipulated HPT offered cannabis at $10 per gram. The CC
Cannabis manipulated HPT offered cigarettes at $1 per cigarette.

Methodological validity was evaluated in terms of expectations that participant purchasing followed expected, logical
patterns; and that the purchases were realistic within the constraints of the task and met expectations about
systematicity (Allison 1983; Stein et al. 2015). Outliers were defined as any cigarette or cannabis purchase > 100 units
because we assumed that these amounts could not be consumed in 24 hours. Systematicity was quantified
according to the three Stein et al. (2015) recommendations: 1) Trend, negligible reductions or increased consumption
from the first to last price imposed; 2) Bounce, price-to-price increases in consumption > 25% of initial consumption;
and 3) Reversals, consumption falling to zero and then resuming at higher prices.(Stein et al. 2015) Flat-line
responding was deemed consistent with demand law in the assessment of Trend because we expected CigOnly
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participants to demonstrate little to no demand for cannabis, an important indicator of discriminant validity, and to
accommodate the possibility that participants with low rates of cigarette and/or cannabis use might show little to no
price sensitivity within the 24 hour timeframe. Additionally, due to relatively few price points within HPTs, Bounce was
defined by a larger percentage (25% vs 10%) than that recommended by Stein et al (2015).(Stein et al. 2015)

Convergent (i.e., the extent to which the tasks measured the concepts they were intended to assess), and discriminant
validity (i.e., the extent to which the tasks measured unrelated concepts) (Wetzel and Killisch 2025) were evaluated
using correlations between demand intensity and relevant measures including the FTND, CPD, the MDC, and past-
month DCU. Correlations that were significant or with greater magnitude indicated convergent validity. Weaker or
negligible correlations indicated discriminant validity. Flat line purchasing of cannabis by CigOnly participants was
also used to indicate discriminant validity.

Measurement equivalence was evaluated by comparing overall convergent and discriminant validity in the total
sample. If the overall results were not replicated within the CigOnly and Co-Use groups we suggest measurement
non-equivalence (Putnick and Bornstein 2016; Frongillo et al. 2019).

Statistical analysis

Demographic characteristics were summarized using frequency and percentages, means and standard deviations
(SD). Differences in demographic characteristics between CigOnly and Co-Use participants were examined using t-
tests and Fisher’s exact test.

The methodological characteristics of each HPT were described as follows and quantified in proportions: Task non-
completion included all participants who initiated, but did not complete a task. Outlier purchases (i.e., > 100 units)
were eliminated from further analyses for that task only. Non-systematic responses for Trend, Bounce, and Reversal
were determined using the Beezdemand package (Kaplan et al. 2019). The number of participants whose data was
eliminated from the analyses of a task were quantified by group and compared using Fisher’s exact test.

Demand intensity was calculated among systematic responders using a modified exponential demand

_o0P
model(Koffarnus et al. 2015) Q = @, * 10% "% —1) \where Q is the quantity of cigarettes purchased at price
P, ks the span of purchased values in logarithmic units, and ), and o are free parameters. Here, we focus on
demand intensity @, (i.e., purchasing with no price constraint).

Pearson correlations were conducted among all HPT demand intensities, FTND scores, CPD, MDC scores, and past-
month DCU. Convergent and discriminant validity were determined by the magnitude of the correlations. In general,
statistical significance indicated convergent validity and non-significance indicated discriminant validity. Significance
was set at alpha < .05. See Table 1 for Hypotheses.
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Table 1

Study hypotheses
Validity type Hypothesis HPT Criteria
Methodological 1(a) Outlier All Minimal number of task completers will show
frequency outlier purchasing
1(b) Systemacity All Non-systematic responding rates will be
consistent with prior literature
1(c) Measurement All Outlier frequency and systematicity will not

equivalence differ between CigOnly and Co-Use participants
Convergent 2(a) Cigarette SC Cigarette Intensity will be significantly and positively
demand correlated with FTND scores and cigarettes
CC Cigarette smoked per day.
manipulated
2(b) Cannabis SC Cannabis Intensity will be significantly and positively
demand correlated with MDC scores and past-month
CC Cannabis days of cannabis use.
manipulated
2(c) Measurement All Convergent validity results found in the total
equivalence sample will be replicated among CigOnly and
Co-Use participants.
Discriminant 3(a) Cigarette SC Cigarette Intensity will show non-significant correlations

demand

with MDC scores and past-month days of

CC Cigarette cannabis use.

manipulated
3(b) Cannabis SC Cannabis Intensity will show non-significant correlations
demand with FTND scores and cigarettes per day.

CC Cannabis

manipulated
3(c) Measurement All Discriminant validity results found in the total

equivalence

sample will be replicated among CigOnly and
Co-Use participants.

HPT= Hypothetical Purchase Task; SC=Single commodity; CC= Cross commodity. Note: CigOnly participants did not
endorse any MDC criteria limiting the ability to calculate correlations that include MDC scores among CigOnly

participants.

RESULTS

Participants (n = 124) included n = 22 adults who smoked cigarettes only (CigOnly; 18%) and n = 102 adults who
smoked both cigarettes and cannabis (Co-Use; 82%). Participants were, on average, 35.5 (SD 11.4) years old; 41%
female, 52% White, and 32% Hispanic. About one-third (37%) were high school graduates; two-thirds (62%) reported
household incomes below $50,000. Most were employed full (48%) or part-time (34%). Participants were highly
nicotine dependent with FTND scores on average > 5 and smoked about 18 CPD. About half (48%) smoked menthol
cigarettes. Participants were moderately motivated to quit smoking and had relatively low levels of self-efficacy for
quitting. Almost half (44%) had no plans to quit smoking in the next 6 months and about one-third (36%) had made a
quit attempt in the past 3 months. On average, participants reported moderate levels of psychological distress; 41%
were in recovery from other substances. Co-Use participants smoked cannabis, on average, 23.3 (SD 6.7) days per
month and scored 6.2 (SD 2.9) on the MDC. See Table 2.
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Table 2
Participant characteristics

Mean (SD) or n (%)

Overall (n= CigOnly (n = Co-Use (n=
124) 22% 102)
Agerr 35.46 (11.4) 45.73 (11.2) 33.18(10.2)
Female* 51 (41.1) 14 (63.6) 37 (36.3)
Race* Black or African American 50 (40.3) 2(9.1) 48 (47.7)
White 64 (51.6) 18 (81.8) 46 (45.1)
Other 10 (8.1) 2(9.1) 9(8.8)
Hispanic* 40 (32.3) 2(9.1) 38(37.3)
Education, yrs completed 18.92 (60.7) 13.33 (4.0) 20.14 (66.9)
Highest grade completed High School 46 (37.1) 9 (40.9) 7 (36.3)
College 48 (38.7) 8 (36.4) 0(39.2)
Graduate School 30(24.2) 5(22.7) 5(24.5)
Household income Less than $24,999 21 (16.9) 3(13.6) 8(17.6)
$25,000 to $49,999 56 (45.2) 7 (31.8) 9 (48.0)
$50,000 to $74,999 17 (13.7) 5(22.7) 2 (11.8)
More than $75,000 30 (24.2) 7 (31.8) 23 (22.5)
Basic needs met 6.82 (2.06) 7.38 (2.65) 6.71 (1.92)
Employment status*** Full-time 59 (47.6) 12 (54.5) 47 (46.1)
Part-time 42 (33.9) 1(4.5) 41 (40.2)
Other 23 (18.5) 9 (40.9) 14 (13.7)
Health insurance Medicare and/or Medicaid 85 (68.5) 10 (45.5) 75 (73.5)
Private 31(25.2) 10 (47.6) 21 (20.6)
None 7(5.7) 1(4.8) 6 (5.9)
Partnered 62 (50.0) 13 (59.1) 49 (48.0)
Cigarette smoking Cigarettes per day 17.54 (27.06) 16.48 (7.48) 17.77 (29.63)
related FTND score 5.18 (1.75) 5.48 (2.14) 5.12(1.66)
Smokes menthol 58 (48.3) 9 (42.9) 49 (49.5)

cigarettes

*p<.05; **p<.01, ***p<.001; MDC=Marijuana Dependence Checklist; Age is missing 3 observations; Education, yrs
completed, Basic needs met, Health insurance, Past month cannabis use days, Past month other cannabis use
days, and In SUD recovery are missing 1 observation each; Cigarettes per day, Medication use, Age started
smoking cigarettes, Yrs cigarette smoking, FTND, Plans to quit smoking cigarettes, Last serious quit attempt, and
Smoked menthol cigarettes are missing 4 observations; Age started smoking cigarettes is 5 missing
observations; MDC Score, Motivation, Self-efficacy, and Psychological distress are missing 9 observations.
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Mean (SD) or n (%)
Overall (n= CigOnly (n = Co-Use (n=
124) 22 102)
Age started smoking 17.92 (4.48) 19.52 (8.02) 17.57 (3.24)
cigarettes
Yrs smoking cigarettes*** 13.51(10.79) 23.12(12.76) 11.47 (9.17)
Motivation to quit 5.27 (3.25) 6.80 (2.95) 4.95 (3.24)
smoking*
Self-efficacy to quit 4.49 (3.16) 4.45 (3.73) 4.49 (3.05)
smoking
Plans to quit smoking Yes, within the next 30 43 (35.8) 6 (28.6) 37 (37.4)
cigarettes days
Yes, within the next 6 24 (20.0) 5(23.8) 19 (19.2)
months
Not within the next 6 53 (44.2) 10 (47.6) 43 (43.4)
months
Last serious quit attempt**  Within the past 3 months 43 (35.8) 3(14.3) 40 (40.4)
Within the past year 26 (21.7) 8 (38.1) 18 (18.2)
More than 1 year ago 33(27.5) 10 (47.6) 23(23.2)
Never 18 (15.0) 0 (0.0) 18 (18.2)
Past-month days using 3.03(6.91) 0.14 (0.65) 3.65(7.46)
medications for smoking cessation*
Psychological distress level (K6)* 9.83(5.48) 7.45 (5.48) 10.34 (5.37)
In recovery from SUDs* 50 (40.7) 3(14.3) 47 (46.1)
(Ijast month cannabis use Cannabis smoking days***  19.33 (10.71) 0.00 (0.00) 23.31 (6.69)
ays
Other cannabis use 6.55(9.69) 0.10 (0.44) 7.88 (10.15)
days***
MDC score*** 4.99 (3.58) 0.00 (0.00) 6.17 (2.91)
*p<.05; **p<.01, ***p<.001; MDC=Marijuana Dependence Checklist; Age is missing 3 observations; Education, yrs
completed, Basic needs met, Health insurance, Past month cannabis use days, Past month other cannabis use
days, and In SUD recovery are missing 1 observation each; Cigarettes per day, Medication use, Age started
smoking cigarettes, Yrs cigarette smoking, FTND, Plans to quit smoking cigarettes, Last serious quit attempt, and
Smoked menthol cigarettes are missing 4 observations; Age started smoking cigarettes is 5 missing
observations; MDC Score, Motivation, Self-efficacy, and Psychological distress are missing 9 observations.

Co-Use participants were significantly younger (p<.001), more likely to be male (p=.033), Black or African American
and/or Hispanic (p=.021), and employed full- or part-time (p=.001) compared to CigOnly participants. Co-Use
participants smoked cigarettes for fewer years (p<.001), likely because of younger age. Co-Use participants used
smoking cessation medications for more days in the past-month (p=.034), but overall use of medications was low.
Co-Use participants had significantly higher levels of psychological distress (p=.032), but both groups’ scores were in
the moderate range. Co-Use participants were significantly more likely to be in recovery from other substances than
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CigOnly participants (p=.014) and more likely to have made a recent quit attempt than CigOnly participants. See
Table 2.

Single Commodity Cigarette Purchase Task
Overall, n =20 (91%) of the CigOnly and n =87 (85%) of the Co-Use participants completed the SC-Cigarette HPT.

Methodological validity. Hypotheses: 1(a) Two (n = 2) participants showed outlier purchasing and were eliminated
from additional analyses. 1(b) Among remaining participants (n = 105), non-systematic responses (n=17) from n =
11 participants included n = 6 that violated Trend, n = 9 that violated Bounce, and n = 2 Reversals, leaving n = 94
included in the analyses. 1(c) Roughly the same proportion of CigOnly (n =2; 10%) and Co-Use (n=11; 13%)
participants were eliminated due to outlier and/or non-systematic responding (p>.999). See Table 3.

Table 3
Outlier and systematicity methodological criteria applied to each purchase task
Hypothetical  CigOnl Co- Excluded total (n) Non- Excluded by group
purchase (n= 22{ Use systematic
task type (n= responses,
102) number and
type
Task irel  Non- 2 3 4  CigOnly (n, Co-Use (n, %
completers (n) 81L)|tllers T B R % of CigOnly  of Co-Use
systematic task task
Ee)sponding completers)  completers)
n
SC Cigarette 20 87 2 11 6 9 2 2 (1 00) 11 (-I 2.6)6
CC Cigarette 20 81 4 9 4 9 2 3(15.0) 10 (12.3)°
manipulated '
CC Cannabis 20 81 3 21 15 10 1 g 24 (29.6)¢
manipulated

CigOnly=participants who smoked cannabis 0 days in the past 30 days at screening; CoUse=participants who
smoked cannabis > 0 days in the past 30 days at screening; CgPT=cigarette purchase task; CaPt=cannabis
purchase task; CgCa-Ca manipulated=cross-commodity cigarette-cannabis purchase task where cannabis price is
manipulated; CaCg-Cg manipulated=cross-commodity cigarette-cannabis purchase task where cigarette price is
manipulated; *A total of 6 participants made all the outlier purchasing across the four tasks; 'Outliers =

Participants who purchased > 100 units at any given price; 2T = Trend: ®B = Bounce (< 25%): “R = Reversals: °n =18
CigOnly participants displayed no cannabis purchasing in these tasks. Statistical significance of proportion of

participants excluded by group: ?p=.999; bp=.203; °p=718; 9p=.003 (Bold).

Convergent validity. Hypotheses: 2(a) The intensity of cigarette demand was significantly positively correlated with
FTND scores (r = 0.44; p<.001) and CPD (r = 0.56; p<.001), supporting convergent validity. 2(c) These significant
positive associations were found among both CigOnly and Co-Use participants, supporting measurement equivalence
for convergent validity. See Table 4, S4-1, and S4-2.
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Table 4

Pearson correlations between demand intensities for each hypothetical purchase task and measures of nicotine and
cannabis dependence, all participants (n = 124)

Demand intensity Nicotine Cannabis
dependence dependence
HPT SC cC cC FTND CPD MDC DCU
Cigarette Cannabis
Cannabis manipulated manipulated
Demand SC Cigarette  0.00 0.52%*** 0.05 0.44 0.56 -0.03 0.02
intensity
*kkk *kkk

SC - 0.12 0.77%%** -0.02 0.08 0.25* 0.24*

Cannabis

CcC - - 0.24* 0.30** 0.34** -0.09 -0.10

Cigarette

manipulated

cC - - - -0.14 -0.06 0.11 0.18

Cannabis

manipulated
Nicotine FTND - - - - 0.13 0.15 -0.03
dependence

CPD - - - - - 0.09 0.00
Cannabis MDC - - - - - - 0.54#%**
dependence
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001; CC= Cross commodity; FTND= Fagerstrom Test for Nicotine
Dependence; CPD= Usual number of cigarettes per day; MDC = Marijuana Dependence Checklist; DCU = Past
month days of cannabis use.

Discriminant validity. Hypotheses: 3(a) The intensity of cigarette demand was not significantly correlated with MDC
scores (r=-.03, p=.747) or past-month DCU (r=.02, p=.825), supporting discriminant validity. 3(c) Among Co-Use
participants, the intensity of cigarette demand was not significantly correlated with MDC scores (r=.05, p=.671) and
past-month DCU (r=.22, p=.052), supporting measurement equivalence for discriminant validity among Co-Use
participants. CigOnly participants did not endorse any MDC criteria or cannabis use days limiting the ability to
replicate discriminate validity results in the CigOnly group. See Table 4, S4-1, and S4-2.

Single Commodity Cannabis Purchase Task
Overall, n =20 (91%) of the CigOnly and n =87 (85%) of the Co-Use participants completed the SC-Cannabis HPT.

Methodological validity. Hypotheses: 1(a) Two (2) participants displayed outlier purchasing and were eliminated from
additional analyses. 1(b) Among remaining participants (n = 105), non-systematic responses (n = 14) fromn=8
participants included n = 5 responses that violated Trend, n = 7 that violated Bounce, and n = 2 that displayed
Reversals, leaving n = 97 included in the analyses. 1(c) None of the CigOnly and n=10 (11.5%) of the Co-Use
participants were eliminated due to extreme outlier and/or non-systematic responses, but this was not statistically
different (p=.203). See Table 3.

Convergent validity. Hypotheses: 2(b) The intensity of cannabis purchasing was significantly positively associated
with MDC scores (r = 0.25; p=.014) and past-month DCU (r = 0.24; p=.018), supporting convergent validity. 2(c) The
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significance of this correlation, however, was dependent on the inclusion of the variability contributed by the CigOnly
participants, who all scored zero on the MDC. Contrary to hypotheses, among Co-Use participants, significant
correlations between the intensity of cannabis purchasing and MDC scores (r = 0.08, p=.475) and past-month DCU
(r=-.03, p=.802) were not found, supporting measurement non-equivalence for convergent validity. See Table 4, S4-1,
and S4-2.

Discriminant Validity. Hypotheses: 3(b) The intensity of cannabis demand was not significantly correlated with FTND
scores (r=-.02, p=.821) and CPD (r=.08, p=.423), supporting discriminant validity. 3(c) Among CigOnly participants and
Co-Use participants, the intensity of cannabis demand was not significantly correlated with FTND scores and CPD,
supporting measurement equivalence for discriminant validity: CigOnly: FTND; r=-.02; p=.82 and CPD r=.08; p=.42; Co-
Use: FTND r=.12; p=.307) and CPD (r=.09; p=.421). Note that n = 18 CigOnly participants purchased no cannabis in
this task. See Table 4, S4-1, and S4-2.

Cross-Commodity Cigarette Manipulated Purchase Task

Overall, n =20 (91%) of the CigOnly and n =81 (79%) of the Co-Use participants completed the CC-Cigarette
Manipulated HPT.

Methodological Validity. Hypotheses: 1(a) Four (n = 4) participants showed outlier purchasing and were eliminated
from additional analyses. 1(b) Among remaining participants,(n = 97), non-systematic responses (n=15) fromn=9
participants included n = 4 responses that violated Trend, n = 9 that violated Bounce, and n = 2 Reversals, leaving n =
84 included in the analyses. 1(c) Roughly the same proportion of CigOnly (n =3, 15%) and Co-Use (n =10, 12%)
participants were eliminated due to extreme outlier and/or non-systematic responding (p=.718). See Table 3.

Convergent validity. Hypotheses: 2(a) The intensity of cigarette demand was significantly positively correlated with
FTND scores (r = 0.30; p=.004) and CPD (r = 0.34; p=.001), supporting convergent validity. 2(c) Among Co-Use
participants, cigarette demand intensity was significantly positively correlated with FTND scores (r=.32, p=.007) and
CPD (r=.33, p=.005). Among CigOnly participants, cigarette demand intensity was not significantly correlated with
FTND scores (r=.23, p=.379) and CPD (r=.47, p=.058), however, the magnitude of these correlations were similar to
those found in the total supporting measurement equivalence among CigOnly participants for this task. The CigOnly
group (n = 22) was likely under-powered for significance testing. See Table 4, S4-1, and S4-2.

Discriminant validity. Hypotheses: 3(a) The intensity of cigarette demand was not significantly correlated with MDC
scores (r=.11, p=.364) and past-month DCU (r=.18, p=.116), supporting discriminant validity. 3(c) Among Co-Use
participants, the intensity of cigarette demand was not significantly correlated MDC; r=-.01, p=.929) and past-month
DCU (r=.00, p=.993), supporting measurement equivalence. See Table 4, S4-1, and S4-2.

Cross-Commodity Cannabis Manipulated Purchase Task
Overall, n =20 (91%) of the CigOnly and n =81 (79%) of the Co-Use participants completed this CC task.

Methodological validity. Hypotheses: 1(a) Three (n = 3) participants showed outlier purchasing and were eliminated
from additional analyses. 1(b) Among participants who made purchases within a reasonable range (n = 98), non-
systematic responses (n = 26) from n =21 participants included n = 15 responses that violated Trend, n =10
responses that violated Bounce, and n = 1 Reversal, leaving n = 77 included in the analyses. 1(c) Significantly different
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rates of CigOnly (n =0, 0%) and Co-Use (n = 24, 30%) participants were eliminated due to extreme outlier and/or non-
systematic responding (p=.003). See Table 3.

Convergent validity. Hypotheses: 2(b) Contrary to hypotheses, the intensity of cannabis demand was not significantly
correlated with MDC scores (r=.11; p=.364), or past-month DCU (r=.18; p=.116), lacking support for convergent
validity. 2(c) Similarly, among Co-Use participants, the intensity of cannabis demand was not significantly correlated
with MDC scores (r=-.02; p=.905) or past-month DCU (r=.09; p=.527), suggesting measurement equivalence. See
Table 4, S4-1, and S4-2.

Discriminant validity. Hypotheses: 3(b) The intensity of cannabis demand was not significantly correlated with FTND
scores (r=-.14; p=.232) and CPD (r=-.06; p=.619), supporting discriminant validity. 3(c) Among both CigOnly and Co-
Use participants, the intensity of cannabis demand was not significantly correlated with FTND scores and CPD,
suggesting measurement equivalence for discriminant validity for this task (CigOnly FTND, r=-.40; p=.082 and CPD
r=-.27; p=.243; Co-Use FTND, r=.01; p=.958 and CPD r=.05; p=.713). Note: n = 18 CigOnly participants displayed no
cannabis purchasing in this task. See Tables 4, S4-1, and S4-2.

DISCUSSION

These findings represent the first formal examination of the systematicity, validity, and measurement equivalence of

SC and CC Cigarette and Cannabis HPTs among participants who smoke cigarettes and cannabis. All HPTs showed

reasonable methodological, convergent, discriminant validity, and/or measurement equivalence with a few important
caveats. These findings also provide an initial framework for the evaluation of the psychometric qualities of HPTs in

new populations.

The SC HPTs and the CC Cigarette manipulated HPT showed rates of non-systematic responding similar to previous
studies (Peters et al. 2017; Cooper et al. 2023). However, the CC Cannabis manipulated task showed higher rates of
non-systematic responding, performed entirely by Co-Use participants. Co-Use participants were less likely to
complete HPTs (79-84% versus 91%) and more likely to be excluded for non-systematic responses on both CC tasks
(12-30% versus 0%) than CigOnly participants. All outlier purchases across all HPTs were performed by Co-Use
participants.

Although all participants were former Quitline enrollees, Co-Use and CigOnly characteristics differed, which may have
contributed to performance differences in an unknown manner. Future research should examine whether people who
co-use cigarettes and cannabis consistently show high rates of non-systematic responding, and if so, examine
strategies for ameliorating the issues. Automated verification, data validation, or confirmation checks (e.g., Are you
sure you can smoke [x] in 24 hours?) might improve systematic responding. Systematically excluding data from
people with the same demographic profiles should be addressed because it can create sampling bias (Gelino et al.
2026).

The SC Cigarette HPT is well-established, having shown convergent and discriminant validity among college students
and predictive validity among people with other SUDs (Jacobs and Bickel 1999; MacKillop et al. 2008; Mackillop et al.
2016). Our findings add to this evidence by showing validity and measurement equivalence among NYSQL enrollees.
The strong systematicity, validity, and measurement equivalence for this task is likely due to highly relatable purchase
units (e.g., 1 cigarette) and convergent validity measures that are robustly associated with cigarette demand in other
studies (e.g., FTND, CPD) (Gonzélez-Roz et al. 2019).
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Overall, the SC Cannabis HPT showed good methodological, convergent, and discriminant validity, consistent with
previous findings (Aston and Meshesha 2020). In addition, 90% of CigOnly participants purchased no cannabis,
providing additional evidence that the task is measuring the perceived value of cannabis. However, these results
relied on the variability contributed by the CigOnly participants, who all scored zero on the MDC and had no past-
month DCU, increasing the slope of the linear relation. This suggests that the MDC and past-month DCU are only
useful for assessing convergent validity when there is sufficient variability in cannabis smoking among participants,
which is not ideal.

Although the CC Cannabis manipulated HPT showed discriminant validity, it failed to show convergent validity overall
and among Co-Use participants. The lack of variability in the MDC and past-month DCU again contributed to the lack
of significance. Interestingly, among Co-Use participants, the difference in cannabis demand between the SC and CC
Cannabis HPTs showed a reduction in the intensity of demand in the presence of cigarettes by 7.17 units (results not
shown), suggesting that when purchasing cannabis competes with purchasing cigarettes, participants purchased
less cannabis.

More research is needed to establish convergent validity and measurement equivalence for SC and CC Cannabis
HPTs, to ensure HPTs are using highly relatable units relevant to use timeframes, and to more effectively quantify
cannabis use among participants. While grams reflect real-world purchasing of pre-rolled joints,(Aston and Meshesha
2020) grams might not reflect meaningful, real-world units of 24-hour use among Co-Use participants in this study. A
one gram joint is relatively large and the amount of grams smoked per day is unknown. Also, the MDC and past-
month DCU might not be granular enough or measure similar enough constructs to cannabis demand. A reason why
the FTND is so consistently correlated with cigarette demand might be because the FTND is not based on clinical
criteria for nicotine dependence, and thus might measure a different aspect of dependence than measures linked to
substance use diagnoses.

The CC Cigarette manipulated HPT showed good overall convergent and discriminant validity with measurement
equivalence among Co-Use participants. While convergent measurement equivalence did not achieve statistical
significance among the CigOnly participants, the magnitude of correlations among CigOnly participants, FTND (r =
0.23) and CPD (r = 0.47), were similar to those observed in the total sample (r = 0.30 and 0.34 respectively) and
among Co-Use participants (r=.32 and r=.33 respectively), suggesting a lack of power. Nonetheless, the lack of
statistical significance should be investigated further.

These findings should be considered in the context of several limitations including the selection of measures used to
assess convergent validity for cannabis demand. Participants who have enrolled in the NYSQL might not represent all
people in the US. Finally, all tasks were hypothetical and completed remotely and might not compare with real-world
purchasing and HPTs conducted in laboratory settings.

CONCLUSION

SC Cigarette and Cannabis HPTs show reasonable systematicity, convergent and discriminant validity, and
measurement equivalence among people who co-use cigarettes and cannabis; however, the SC Cannabis HPT failed
to show convergent measurement equivalence among Co-Use participants and the CC Cannabis manipulated HPT
failed to show convergent validity with measures of cannabis dependence. Co-Use participants appeared to
experience barriers to completing the HPTs and providing systematic responses. Careful consideration of the
psychometric qualities of HPTs within specific populations is needed to facilitate the translation of these important
tools in the study of the relations between cannabis and cigarette smoking.
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