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Predictive and discriminant validity of the 2
Impaired Control Scale - Cannabis (ICS-C): an
intensive longitudinal study of daily cannabis

use outcomes
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Abstract

Impaired control over substance use — difficulty adhering to limits on consumption — is a core feature of
problematic use and addiction. Although extensively studied in alcohol research, impaired control over cannabis
remains understudied. To advance research in this area, we evaluated the predictive and discriminant validity

of the Impaired Control Scale-Cannabis (ICS-C) using an intensive longitudinal design. Young adults (N=147;
Mage =22.07) who reported regular use of cannabis and alcohol completed three 21-day ecological momentary
assessment (EMA) bursts spaced six months apart. The ICS-C was administered prior to each burst, followed by
daily surveys assessing difficulty limiting use, substance consumption, and consequences. Three-level multilevel
models examined whether ICS-C scores predicted cannabis outcomes observed on the daily surveys and whether
daily reports of difficulty limiting cannabis use mediated these associations. The Perceived Impaired Control
subscale demonstrated strong predictive validity: Within-person increases in perceived impaired control across
bursts predicted greater difficulty limiting cannabis use in daily life, which in turn mediated associations with
heavier cannabis consumption and use of multiple forms of cannabis. At the between-person level, the Attempted
Control subscale predicted negative consequences through difficulty limiting cannabis use. The ICS-C also
demonstrated discriminant validity, showing no significant associations with alcohol outcomes after controlling for
cannabis use. The ICS-C, particularly the Perceived Impaired Control subscale, captures meaningful within-person
fluctuations in self-requlatory capacity that predict real-world cannabis use patterns. Findings support the ICS-C as
a valid tool for examining impaired control over cannabis across multiple temporal levels.
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Impaired control over substance use is a central feature of
problematic use and addiction, capturing the discrepancy
between intention and behaviour. Specifically, impaired
control is defined as “a breakdown of an intention to limit
consumption” (Heather et al. 1993, p. 701); a pattern in
which substance use exceeds conscious intentions, despite
efforts to restrict it (American Psychiatric Association
2022; Leeman et al. 2007; 2012; 2014). Impaired control is
distinct from related risk factors such as trait impulsivity
or generalized poor self-regulation. Whereas impulsivity
reflects a broad predisposition toward rash action, and
poor self-regulation captures difficulties managing behav-
ior across multiple domains, impaired control describes
substance-specific failures to adhere to consumption lim-
its that individuals have set for themselves (Leeman et al.
2012, 2014). Extensive work in the alcohol literature has
established impaired control over alcohol as an early-
emerging and potent predictor of problematic drinking
and related harm. Among young adults, greater impaired
control is associated with heavier drinking, more frequent
binge episodes, and higher rates of alcohol-related con-
sequences (Leeman et al. 2009; Martinez-Loredo et al.
2020). Longitudinal research also suggests that impaired
control over alcohol mediates associations between dis-
tal risk factors (e.g., impulsivity, poor self-regulation)
and later alcohol problems (Patock-Peckham et al. 2018;
Wardell et al. 2016). In this way, impaired control func-
tions as a mechanism in the development of problematic
use (Leeman et al. 2014).

Despite decades of work on alcohol-related impaired
control, research on impaired control over cannabis
use has lagged. This gap is concerning given the rising
prevalence and normalization of cannabis use, particu-
larly among young adults in regions that have legalized
or decriminalized use (Hall et al. 2023). In Canada, 48%
of young adults (aged 20 — 24) reported using canna-
bis at least once in past year (Health Canada 2024), and
rates of cannabis use among young adults are similarly
elevated in U.S. states with legal cannabis (Patrick et al.
2022). Although most cannabis use is non-problematic,
frequent or heavy use increases risk for cannabis use
disorder (CUD) (Leung et al. 2020). Emerging evidence
suggests that impaired control may be a key process in
the escalation from recreational to problematic canna-
bis use. For example, cross-sectional and longitudinal
studies suggest that symptoms reflecting difficulty cut-
ting down, using more than intended, or failing to resist
use are among the most common symptoms associated
with CUD onset (Pellegrino et al. 2020; van der Pol et al.
2013). Yet, compared with the extensive alcohol litera-
ture, empirical research on impaired control over canna-
bis remains sparse.

One reason for this gap is the limited availability of
psychometrically robust measures that comprehensively
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capture impaired control over cannabis. By comparison,
in the alcohol literature, there is a widely used and well-
established measure developed by Heather et al. (1993):
the Impaired Control Scale (ICS). The ICS provides a
detailed assessment of several dimensions of impaired
control over alcohol, including: (a) attempted control
(frequency of efforts to limit use), (b) failed control (diffi-
culty adhering to limits), and (c) perceived impaired con-
trol (beliefs about future ability to limit use). Together,
these dimensions differentiate between the motivation
to regulate use (attempted control) and low capacity to
do so successfully (failed control and perceived impaired
control). Factor-analytic work has generally supported a
two-factor structure, with a separate attempted control
factor and substantial overlap between failed control and
perceived impaired control components (Heather et al.
1998; Marsh et al. 2002). Indeed, the failed control and
perceived impaired control subscales share nearly iden-
tical content, differing only in whether the items refer
to past experiences of failed control versus beliefs about
future ability to control alcohol use (perceived impaired
control). Consequently, several studies have focused
on one or the other of these scales, depending on the
research question (Leeman et al. 2012; 2024; Wardell et
al. 2015; 2018). Regardless of subscales used, impaired
control as measured by the ICS is associated both cross-
sectionally and prospectively with heavy drinking,
alcohol use disorder, and treatment outcomes across clin-
ical and non-clinical samples (Heather and Dawe 2005),
underscoring its predictive validity.

Until recently, there was no comparable measure avail-
able for assessing impaired control over cannabis. For
instance, although the Marijuana Consequences Ques-
tionnaire (MACQ; Simons et al. 2012) includes a brief
impaired-control subscale (the MACQ-IC), this sub-
scale is packaged as part of a broader measure of canna-
bis consequences and was not intended to be used as a
standalone, comprehensive assessment of the impaired
control construct. Indeed, this subscale is imbalanced
in its measurement of attempted control (efforts to limit
consumption) versus failed control (difficulty limiting
consumption) and does not include specific items tap-
ping into perceived impaired control. To address the
need for a more comprehensive measure of impaired
control over cannabis, Taguba et al. (2022) developed
the ICS-C by adapting items from the alcohol ICS to
reflect cannabis use contexts. Their initial validation with
a sample of Canadian university students identified two
reliable and distinct subscales: (1) attempted control and
(2) failed control. The study revealed some psychometric
challenges: reverse-scored items consistently formed a
separate factor (although this may reflect a broader chal-
lenge with reverse-scored items; Weijters et al. 2013), and
the perceived impaired control items were not distinct
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from failed control (although this was expected based on
the redundancy in item content). Based on these results,
Taguba et al. (2022) recommended creating subscales
without reverse scored items and chose to focus on the
failed control items without their perceived control coun-
terparts. These scales demonstrated strong initial evi-
dence for convergent and discriminant validity relative to
cannabis and alcohol use outcomes.

However, Taguba et al. (2022)’s study was cross-sec-
tional and relied on retrospective self-report, which
limited the ability to examine the measure’s predictive
validity or assess its properties over time. Furthermore,
although Taguba et al. (2022) focused on the failed con-
trol subscale, perceived impaired control may be more
informative in young adult, non-treatment-seeking
samples. Specifically, perceived impaired control reflects
perceived capacity to regulate use even among those not
actively attempting to limit use (Leeman et al. 2014),
which may be helpful for predicting future impaired con-
trol in prospective studies. In contrast, failed control may
be more situationally sensitive and most informative for
assessing past experiences of impaired control in clini-
cal or treatment contexts, where efforts to regulate use
are more explicit. Thus, further validation of the ICS-C
for use among young adults is needed using longitudinal
designs and focusing on the perceived impaired control
dimension.

The current study

The current study extends Taguba et al’s (2022) prior
validation work on the ICS-C by evaluating its predic-
tive validity within an intensive longitudinal design using
Ecological Momentary Assessment (EMA). EMA meth-
ods capture people’s experiences in real time and in their
natural environments, providing a more ecologically
valid test of whether the ICS-C predicts meaningful vari-
ability in self-regulation of cannabis use in everyday life.
Our data were collected across three EMA bursts spaced
six months apart, with each burst consisting of baseline
administration of the ICS-C, followed by daily surveys
administered over 21 consecutive days to assess day-
level difficulty limiting cannabis use, cannabis use behav-
ior, and acute consequences. This design allows for an
explicit test of whether impaired control as measured by
the ICS-C can predict difficulty limiting cannabis use in
everyday life, and an examination of how within-person
changes in impaired control relate to cannabis use and
problems over the course of a year. We examined both
the Attempted Control (Part 1) and Perceived Impaired
Control (Part 3) subscales, as prior alcohol research sug-
gests these dimensions may relate differently to alco-
hol outcomes (Heather et al. 1998; Ingesson et al. 2022;
Wardell et al. 2018).
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There were four key research objectives guiding the
current study. First, we evaluated the predictive validity
of the ICS-C by testing the extent to which burst-level
and person-level ICS-C scores predict day-to-day reports
of difficulty limiting cannabis use in naturalistic contexts
captured through EMA. We hypothesized that the Per-
ceived Impaired Control scale would predict difficulty
limiting use at both the burst level and between-person
level. Second, we also examined predictive validity by
investigating whether the ICS-C predicts cannabis use
outcomes (quantity used, variety of products used, and
negative consequences) over time, at both burst and
between-person levels. We hypothesized that perceived
impaired control would relate to cannabis use and prob-
lems over time. Third, we tested whether daily reports
of difficulty limiting cannabis use mediate associations
between the ICS-C and both cannabis use and conse-
quences. Here, we hypothesized that the ICS-C’s rela-
tionship with cannabis outcomes would be explained by
participants’ daily reports of difficulty limiting use; this
finding would provide further evidence for validity by
suggesting that it is the experience of impaired control
in the moment that links ICS-C with cannabis outcomes
(rather than some other process). Finally, leveraging our
sample of individuals who regularly use both cannabis
and alcohol, we assessed discriminant validity by com-
paring the strength of associations between the ICS-C
and cannabis outcomes versus parallel alcohol outcomes.
Here, we hypothesized that the ICS-C would not pre-
dict difficulty limiting alcohol use or alcohol-related
consequences.

Methods

Participants and procedure

The analytic sample consisted of 147 young adults
(Mage=22.1, SD=2.1) residing in Ontario, Canada and
of legal age to purchase both alcohol and cannabis. Full
details of participant recruitment and EMA data col-
lection procedures are reported in Wardell et al. (2024;
2025). Briefly, participants were recruited as part of a
larger ecological momentary assessment (EMA) study on
alcohol and cannabis co-use. Eligibility criteria required
that participants: (a) were between 19 and 25 years of
age, (b) had used both alcohol and cannabis at least
once per week over the past month, (c) had engaged in
simultaneous use of alcohol and cannabis at least twice
in the past month, and (d) owned a smartphone com-
patible with the EMA app (MetricWire, Waterloo, Can-
ada). Exclusion criteria were (a) current treatment for or
attempts to reduce substance use, (b) self-reported use
of cannabis exclusively for medical purposes, (c) current
severe mental illness, or (d) using drugs other than can-
nabis, alcohol, or nicotine more than once per month.
For the current analyses, we retained only participants
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Table 1 Participant sociodemographic characteristics

N %

Sex assigned at birth

Female 94 639

Male 52 354
Gender

Woman 88 59.9

Man 55 374

Transgender and/or nonbinary 7 4.8
Race/Ethnicity

White 91 61.9

Asian 23 156

East Indian 15 10.2

Black 13 8.8

Hispanic/Latinx 7 4.8

Middle Eastern 6 4.1
Education Level

High school or less 52 354

Some college 32 21.8

Associate degree 8 54

Bachelor's degree 52 354

Graduate degree 3 20
Employment

Unemployed 46 313

Employed part-time 65 44.2

Employed full-time 36 245

N=147. Percentages may not sum to 100% due to rounding. Some category
totals do not sum to N=147 because participants could select “prefer not to
respond.” Gender identity and race/ethnicity categories were not mutually
exclusive, as participants could select multiple identities

who endorsed cannabis or alcohol use on at least one
study day (N=147), as analyses were limited to use days.
Of these, 128 (87.1%) reported both cannabis and alcohol
use during the study period, 11 (7.5%) reported cannabis
use only, and 8 (5.4%) reported alcohol use only. The ana-
lytic sample for the primary cannabis models was n=139
(excluding the 8 participants who reported no cannabis
use), and the analytic sample for the alcohol discriminant
validity models was n =136 (excluding the 11 participants
who reported no alcohol use). See Table 1 for characteris-
tics of the sample used in the current analyses.

After providing informed consent, participants com-
pleted a baseline session in which they were oriented
to the EMA protocol and trained to report alcohol and
cannabis quantities using visual aids adapted from the
Daily Sessions, Frequency, Age of Onset, and Quantity of

Page 4 of 12

Cannabis Use Inventory (DFAQ-CU; Cuttler and Spra-
dlin 2017). Participants were then enrolled in the EMA
study, which followed a longitudinal burst design (see
Fig. 1). Specifically, participants completed three 21-day
EMA bursts, which were scheduled six months apart.
All bursts were preceded by an assessment session dur-
ing which participants completed an online survey that
included the ICS-C (described below). Each burst began
the day after the assessment session. The EMA protocol
included several daily surveys, but the current analyses
used data from only the daily morning surveys, wherein
participants reported substance use and associated out-
comes from the previous day. Morning surveys were
delivered via the smartphone app at 7:00 AM each day,
with subsequent reminder notifications until the time the
survey closed at 2:00 PM. Participants received cash or
gift cards worth CAD $40, $50, or $60 for participating
in the baseline, 6-month, and 12-month sessions respec-
tively, and up to $90, $105, and $120 for full study com-
pliance across the first, second, and third 21-day EMA
periods, respectively. The study protocol was approved
by the Research Ethics Boards at York University and
the Centre for Addiction and Mental Health, Toronto,
Canada.

Measures

Impaired Control Scale - Cannabis (ICS-C)

Participants completed the ICS-C (Taguba et al. 2022)
during the baseline/assessment session preceding each
measurement burst. This measure includes items adapted
from the alcohol ICS (Heather et al. 1993), assessing
(a) attempts to limit cannabis use (Attempted Control),
(b) failures to adhere to limits (Failed Control), and (c)
beliefs about future control (Perceived Impaired Con-
trol). We scored the ICS-C in a manner consistent with
Taguba et al’s (2022) recommendations (based on their
factor analyses), which included removing the reverse-
coded items. Items were rated on a five-point Likert scale
and summed within subscales (see Table S1, Supplemen-
tary Material). Items comprising the Attempted Control
subscale assessed attempts to control cannabis use in the
past 30 days (I = Never to 5=Always), and items compris-
ing the Perceived Impaired Control subscale assessed
beliefs about the inability to limit cannabis use in the
future (I =Strongly Disagree to 5= Strongly Agree). Both

Burst 1

+ Day 0: Assessment session
* Days 1 - 21: Daily surveys

6 months

Burst 2

+ Day 0: Assessment session

» Days 1 -21: Daily surveys

6 months

- p

Burst 3

+ Day 0: Assessment session
* Days 1 - 21: Daily surveys

Fig. 1 Longitudinal burst study design including three measurement bursts spaced six months apart. At each burst, participants completed a Day 0
assessment session (ICS-C administered online) followed by 21 consecutive days of daily morning surveys, which assessed previous-day cannabis and

alcohol use, difficulty limiting use, and consequences experienced
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subscales demonstrated good to excellent internal con-
sistency in the current sample. For the Attempted Con-
trol subscale: Burst 1 a=0.90, »=0.90; Burst 2 a=0.91,
®=0.91; Burst 3 a=0.96, ®=0.96. For the Perceived
Impaired Control subscale: Burst 1 a=0.86, »=0.86;
Burst 2 a=0.86, ® =0.86; Burst 3 a=0.88, »=0.89.

Cannabis and alcohol use

During the EMA period, on each daily survey, partici-
pants reported whether they had used cannabis the pre-
vious day. If so, they also responded to items assessing
quantities of cannabis used (grams of flower) as well as
the variety of cannabis forms used (flower, concentrates,
edibles). Also on each daily survey, participants were
asked if they used alcohol the previous day. If so, they
reported the number of standard drinks consumed.

Difficulty limiting cannabis and alcohol use in daily life

On each daily survey when cannabis use was reported,
participants responded to a binary item assessing
event-level impaired control over cannabis use, which
was adapted from the Impaired Control subscale of the
MACQ (Simons et al. 2012). The item read, “I found it
difficult to limit how much cannabis I used yesterday”
(0=no, 1=yes). On each daily survey when alcohol
use was reported, participants responded to a parallel
binary item: “I found it difficult to limit how much alco-
hol I drank yesterday” (adapted from the Impaired Con-
trol subscale of the Young Adult Alcohol Consequences
Questionnaire; YAACQ; Read et al. 2006).

Cannabis and alcohol use consequences

On days when cannabis and/or alcohol use was endorsed,
participants responded to 16 binary (yes/no) items that
assessed acute negative consequences. These items were
adapted from the MACQ and YAACQ. Thirteen of
these items were not specific to cannabis or alcohol use
and were administered regardless of which substance
was used with a prompt asking if the consequence had
occurred following “cannabis and/or alcohol use” Three
items were substance-specific (e.g., “I drove a vehicle
after using [cannabis/alcohol]” and were only adminis-
tered for the substance the participant had endorsed that
day. If both cannabis and alcohol use were endorsed on
a given day, these items were administered twice, with
reference to each substance respectively. We summed the
number of consequences participants endorsed to create
a count variable for cannabis consequences on cannabis
use days (including the non-specific and cannabis-spe-
cific items) and alcohol consequences on alcohol use days
(including the non-specific and alcohol-specific items);
these count variables excluded the ‘difficulty limiting can-
nabis/alcohol use’ items described above.
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Analytic approach

We specified a three-level multilevel structural equa-
tion model in Mplus Version 8.8 (Muthén and Muthén,
2017) to examine day-level (Level 1), burst-level (Level
2), and person-level (Level 3) associations among the
ICS-C scales (attempted control and perceived impaired
control), difficulty limiting cannabis use in daily life, and
daily cannabis-related outcomes. Mplus uses latent vari-
able modeling to disaggregate variance in variables across
the three levels of the model. Variables measured at the
day level (difficulty limiting use, negative consequences,
cannabis quantity, and use of multiple cannabis forms)
were specified at all three levels of the model. The ICS-
C, measured at the burst level, was specified at Levels 2
and 3 of the model. All models used the Bayes estimator
with 100,000 iterations and a probit link for categorical
outcomes. We used uninformative priors, allowing us to
interpret the 95% credible intervals (CI) as analogous to
95% confidence intervals in traditional frequentist anal-
yses, such that 95% Cls that did not contain zero were
considered statistically significant. The ICS-C scales were
rescaled by dividing by 10 to improve model stability, as
the sum scores have relatively high variance compared to
other variables in the model, which can cause estimation
problems.

The model included only observations when canna-
bis use occurred (n=2,411 total days across 281 burst
clusters from 139 participants). The model was speci-
fied to test our key research questions regarding predic-
tive validity. At the day level (Level 1), difficulty limiting
use was modelled as a binary (yes/no) outcome, negative
consequences were modelled as an ordinal variable with
three levels (0 consequences, 1 consequence, or 2 or more
consequences), number of cannabis forms used were
modelled as a binary variable (1 form or multiple forms
used), and grams of cannabis flower used was specified
as a continuous variable. At the burst level (Level 2), we
examined whether changes in ICS-C scores across bursts
predicted changes in daily reports of difficulty limiting
cannabis use, as well as cannabis use quantity, number
of forms of cannabis used, and negative consequences
across each burst. At the between-person level (Level 3),
we tested whether between-person differences in ICS-C
scores were associated with between-person differences
in these same outcomes aggregated across all bursts and
days. To determine whether everyday experiences of diffi-
culty limiting cannabis use captured on the daily surveys
mediated the ICS-C’s influence on cannabis outcomes,
we modeled difficulty limiting cannabis use as a predic-
tor of cannabis outcomes (grams of flower used, using
multiple forms of cannabis, and negative consequences)
at all three levels. Indirect (mediated) paths were speci-
fied from the ICS-C to cannabis outcomes through dif-
ficulty limiting use at both the burst and between-person
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levels. These indirect effects were estimated using the
product of coefficients approach (a-path*b-path), imple-
mented through Mplus’ MODEL CONSTRAINT com-
mand. The statistical significance of indirect effects was
evaluated using Bayesian 95% credible intervals. Day
level reports of alcohol use (yes/no)! were included as a
covariate and specified on all three levels of the model. At
the between-person level (Level 3), sex assigned at birth
was included as a covariate (grand mean centered). We
freely estimated random intercepts and residual covari-
ances among outcomes at each level.

To examine discriminant validity, we specified a par-
allel model in which ICS-C was specified as a predictor
of alcohol-related outcomes, by substituting difficulty
limiting cannabis use and cannabis outcomes with their
alcohol counterparts (including number of drinks and
number of consequences on drinking days). The alco-
hol model included only observations when alcohol use
occurred (n=1,487 observations across 284 bursts from
136 participants). Cannabis use assessed on the daily sur-
veys (yes/no) was included as a covariate in this model.

Results

Descriptive statistics

Table 2 presents descriptive statistics for key study vari-
ables across the three 21-day EMA bursts. A total of

Table 2 Descriptive statistics for key variables
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6609 daily surveys were completed across all participants
and all EMA bursts, and survey completion rates ranged
from 87.5% to 92.2% across EMA bursts. ICS-C scores
showed moderate stability across bursts, with approxi-
mately 50% of variance in Attempted Control and 56%
of variance in Perceived Impaired Control attributable
to stable between-person differences (ICCs=0.50 and
0.56, respectively), while also demonstrating meaningful
within-person variance across the three measurement
occasions.

Predictive validity of the ICS-C

The model demonstrated convergence, with all Poten-
tial Scale Reduction factors for model parameters below
1.01 for the final 10,000 iterations. See Table 3 for model
estimates. At the day level, difficulty limiting cannabis
use significantly predicted negative consequences and
cannabis quantity but not using multiple forms of can-
nabis. As hypothesized, Perceived Impaired Control
(Part 3) significantly predicted difficulty limiting can-
nabis use at the burst level, such that higher perceived
impaired control immediately prior to a given burst was
associated with reporting greater difficulty limiting can-
nabis use across the daily surveys in the corresponding
burst. In other words, within-person changes in Per-
ceived Impaired Control from burst-to-burst predicted

Baseline 6-month follow-up (Burst 12-month follow-up

(Burst 1) 2) (Burst 3)

N % N % N %
Compliance rate 2764 89.5 1966 87.5 1879 922
Cannabis use days 1141 413 623 317 654 34.8
Days using cannabis flower (vs. other forms) 822 72.0 469 753 491 75.1
Days difficulty limiting cannabis use was endorsed 44 39 37 59 42 6.4
Alcohol use days 672 243 445 226 370 19.7
Days difficulty limiting alcohol use was endorsed 38 5.7 33 74 18 4.9

M SD M SD M SD
Grams of cannabis on cannabis use days 0.52 0.76 742 0.79 4.86 0.79
Number of standard drinks on alcohol use days 358 292 349 257 363 312
Number of negative consequences experienced on use days 0.76 1.41 0.79 150 3.12 0.81
Attempted Control (ICS-C Part 1) scores 9.96 457 11.71 5.26 1145 5.81
Perceived Impaired Control (ICS-C Part 3) scores 12.19 538 12.18 5.08 11.65 5.39

N=147. Compliance rate=completed surveys / expected surveys (i.e., N participantsx 21 days). Cannabis and alcohol use day percentages reflect proportion of
completed daily surveys. Difficulty limiting use percentages reflect proportion of respective use days. Continuous variables (grams, drinks, consequences) are
averaged across relevant use days. ICS-C scales were assessed once per burst at baseline; values represent burst-level averages across participants

! As a sensitivity analysis, we tested a model in which the binary alcohol use
covariate (yes/no) was replaced with alcohol quantity (number of standard
drinks, winsorized at the 95th percentile). Within-person and burst-level
findings—including all paths involving the ICS-C — did not differ substan-
tially across model specifications. However, at the between-person level, the
indirect effect of Attempted Control on negative consequences through dif-
ficulty limiting use was significant in the binary alcohol model (Est=0.86,
p=.021, 95% CI [0.03, 2.71]) but not in the alcohol quantity model
(Est=0.79, p=.031, 95% CI [-0.05, 2.66]). However, this difference reflected
changes in the path from difficulty limiting use to consequences rather than
paths involving the ICS-C itself.

changes in difficulty limiting cannabis use in daily life,
supporting predictive validity of this ICS-C scale. In con-
trast, Attempted Control (Part 1) showed no significant
association with difficulty limiting cannabis use at the
burst level. Although neither ICS-C subscale showed
significant direct associations with cannabis outcomes
at the burst level, Perceived Impaired Control showed
significant indirect associations with cannabis outcomes
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Table 3 Predictive validity analyses examining the associations of the Impaired Control Scale — Cannabis with cannabis related

outcomes
Day Level Burst Level Person Level
(Level 1) (Level 2) (Level 3)
Estimate 95% B Estimate 95% Cls B Estimate 95%Cls B
Cls
Direct Effects
Cannabis Use Consequences
Attempted Control (ICS-C Part 1) - - - 033 -027,086 0.17 -057 -2.50,078 -0.18
Perceived Impaired Control (ICS-C Part 3) - - - 0.06 -2.23,216 001 1.97 -1.19,503 022
Difficulty Limiting Cannabis Use 0.37* 023, 034 048 —-0.16,1.25 041 0.63* 0.03, 146 0.54
0.53
Alcohol Use (yes/no) 0.26* 0.16, 024 -040 -1.10,0.13 =029 031 -0.24,082 020
0.36
Sex Assigned at Birth - - - - - - -0.06 -0.65,067 -0.03
Cannabis Flower Quantity
Attempted Control (ICS-C Part 1) - - - —-0.00 -036,028 —0.00 -0.03 -0.84,1.04 -0.02
Perceived Impaired Control (ICS-C Part 3) - - - -0.90 -230,020 -0.26 038 -1.75,259 007
Difficulty Limiting Cannabis Use 0.11* 007, 026 042* 0.14,0.85 065 —-0.13 -0.69,020 -0.20
0.16
Alcohol Use (yes/no) 0.05* 002, 011 -0.07 —-043,021 =009 0.14 -0.09,046 0.17
0.08
Sex Assigned at Birth - - - - - - 0.20 -0.22,054 0.16
Number of Cannabis Product Forms
Attempted Control (ICS-C Part 1) - - - -0.71 -1.77,021 =028 071 -0.81,2.39 030
Perceived Impaired Control (ICS-C Part 3) - - - -1.88 -495,103 -023 083 -2.33,397 012
Difficulty Limiting Cannabis Use -0.01 -0.21, =001 131* 042,245 083 —005 -0.82,059 -0.06
0.20
Alcohol Use (yes/no) 0.05 -0.08, 005 027 -133,072 =014 035 —0.14,095 031
0.18
Sex Assigned at Birth - - - - - - -0.87*% —1.66, —-0.51
—0.22
Difficulty Limiting Cannabis Use
Attempted Control (ICS-C Part 1) - - - 0.26 -032,086 016  1.46* 0.54,2.45 0.55%
Perceived Impaired Control (ICS-C Part 3) - - - 227* 0.50,4.15 045* 1.05 -1.82,389 0.14
Alcohol Use (yes/no) - - - 0.19 -044,082 0.16 026 -0.19,0.71 020
Sex Assigned at Birth - - - - - - —0.54* -1.09, —0.29*%
-0.03
Indirect Effects
Attempted Control (ICS-C Part 1) via Difficulty
Limiting Cannabis Use
—Cannabis Use Consequences - - - 0.09 -0.19,060 - 0.86* 0.03,2.71 -
—Cannabis Flower Quantity - - - 0.10 -0.14,045 - -0.16 -1.11,036 -
—Number of Cannabis Forms - - - 0.31 -043,128 - —-0.06 -142,094 -
Perceived Impaired Control (ICS-C Part 3) via Dif- - -
ficulty Limiting Cannabis Use
—Cannabis Use Consequences - - - 0.99 -035,319 - 0.55 -124,320 -
—Cannabis Flower Quantity - - - 0.92* 0.13,2.29 - -0.07 -131,052 -
—Number of Cannabis Forms - - - 2.86% 0.36,6.20 - —0.00 -130,128 -

N=139. Estimates represent unstandardized coefficients. At Level 1, standardized coefficients () are reported only for continuous outcomes. ICS-C Part 1 and Part
3 scores were rescaled by dividing by 10. Number of cannabis product forms represents the total count of different cannabis types used (0=flower only, 1=flower
plus one other form, 2 =flower plus two or more other forms). * p <.001

Cl Bayesian credible interval, ICS-C Impaired Control Scale - Cannabis

through difficulty limiting use (see Table 3). Specifically, and a greater number of cannabis product forms used
higher Perceived Impaired Control at a given burst indi- mediated through greater difficulty limiting cannabis use.
rectly predicted heavier cannabis flower consumption At the between-person level, Attempted Control sig-

nificantly predicted difficulty limiting cannabis use, but
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Table 4 Discriminant validity analyses examining the associations of the Impaired Control Scale — Cannabis with alcohol related

outcomes

Within-Person Level

Between-Burst Level Between-Person Level

(Level 1) (Level 2) (Level 3)
Estimate 95% Estimate 95% Cls B Estimate 95% Cls B
Cls
Direct Effects
Alcohol Use Consequences
Attempted Control (ICS-C Part 1) - - - 0.12 -065,081 008 -0.17 -1.52,090 -0.06
Perceived Impaired Control (ICS-C Part 3) - - - 031 -2.84,322 006 1.70 -146,465 0.19
Difficulty Limiting Alcohol Use 0.70* 048 055 030 -1.52,209 020 0.65* 024,125 061
0.95
Cannabis Use (yes/no) 0.81* 0.51 024 0.73 -1.30,249 025 061 —055,198 0.16
1.14
Sex Assigned at Birth - - - - - - 0.01 -0.52,0.63 0.00
Alcohol Quantity
Attempted Control (ICS-C Part 1) - - - —-0.50 —5.76,420 -0.18 —-1.10 —4.11,064 —0.26
Perceived Impaired Control (ICS-C Part 3) - - - -0.92 -29.72, -0.09 -1.84 -998,427 -0.15
27.65
Difficulty Limiting Alcohol Use 1.13% 088, 049 177 —15.32, 072  099* 032,264 067
137 16.11
Cannabis Use (yes/no) 0.25 -0.23, 004 —-1.74 —14.66, -032 146 —041,465 028
0.72 11.18
Sex Assigned at Birth - - - - - - 1.15% 031,246 037
Difficulty Limiting Alcohol Use
Attempted Control (ICS-C Part 1) - - - 0.24 -0.28,080 026 095 -0.10,2.04 033
Perceived Impaired Control (ICS-C Part 3) - - - 174 -030,394 052 239 -0.57,531 029
Cannabis Use (yes/no) - - - 0.57 -097,226 032 —086 -2.14,035 -024
Sex Assigned at Birth - - - - - - -0.56 -1.15,001 -0.27
Indirect Effects
Attempted Control (ICS-C Part 1) via Difficulty Limiting
Alcohol Use
—Alcohol Use Consequences - - - 0.04 -047,081 - 0.57 -0061.78 -
—Alcohol Quantity - - - 0.24 -432,561 - 0.88 -0.08382 -
Perceived Impaired Control (ICS-C Part 3) via Difficulty
Limiting Alcohol Use
—Alcohol Use Consequences - - - 040 -223382 - 145 -035449 -
—Alcohol Quantity - - - 246 —25.74 - 2.19 -048948 -
3145

N=136. Estimates represent unstandardized coefficients. At Level 1, standardized coefficients () are reported only for continuous outcomes. ICS-C Part 1 and Part 3

scores were rescaled by dividing by 10.* p <.001
Cl Bayesian credible interval, ICS-C Impaired Control Scale - Cannabis

Perceived Impaired Control did not, such that those who
had higher scores on the Attempted Control scale over-
all (aggregated across bursts) also reported more consis-
tent difficulty limiting cannabis use on the daily surveys
across bursts. Consequently, Attempted Control showed
a significant indirect association with negative conse-
quences through difficulty limiting cannabis use (see
Table 3). Specifically, those reporting greater attempts to
control use on the ICS-C on average across time experi-
enced more negative consequences overall across bursts,
mediated through greater difficulty limiting use in daily
life. There were no significant indirect associations
between Attempted Control and either cannabis quantity
or cannabis product forms at the between-person level.

Perceived Impaired Control showed no significant direct
(see Table 3) or indirect associations with any outcomes
at the between-person level.

Discriminant validity

The discriminant validity model also demonstrated con-
vergence, with all Potential Scale Reduction factors at or
below 1.01 for the final 10,000 iterations. See Table 4 for
model estimates. Neither ICS-C subscale significantly
predicted difficulty limiting alcohol use at the burst- or
person-levels. Consistent with hypotheses, both ICS-C
subscales showed minimal direct or indirect associations
with alcohol outcomes on drinking days after controlling
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for day-level cannabis use, providing evidence for dis-
criminant validity.

Discussion

The current study provided the first longitudinal vali-
dation of the ICS-C using data from young adults who
reported frequent cannabis and alcohol use. Building
on Taguba et al’s (2022) initial cross-sectional valida-
tion, we leveraged data from a longitudinal study with
an EMA burst design to establish temporal associations
between the ICS-C and subsequent cannabis use and
consequences in daily life. Specifically, we examined
whether ICS-C scores predict real-world cannabis out-
comes reported on subsequent daily surveys, whether
within-person changes in ICS-C scores over time cor-
respond to changes in cannabis outcomes, and whether
these associations are mediated by day-to-day experi-
ences of difficulty limiting cannabis use. We also investi-
gated discriminant validity by testing whether the ICS-C
specifically predicts cannabis-related — rather than alco-
hol-related — outcomes. Overall, findings supported the
predictive and discriminant validity of the ICS-C, par-
ticularly for the Perceived Impaired Control subscale,
while also revealing important nuances in how impaired
control operates across different temporal levels and can-
nabis outcomes.

Predictive validity of the ICS-C

Consistent with hypotheses, the Perceived Impaired
Control subscale demonstrated strong predictive valid-
ity at the burst level. Burst-to-burst changes in perceived
impaired control predicted corresponding changes in
participants’ daily reports of impaired control over can-
nabis, which in turn mediated associations with heavier
cannabis consumption and likelihood of using multiple
forms of cannabis. This pattern suggests that the ICS-C
captures meaningful within-person fluctuations in per-
ceived self-regulatory capacity that manifest in observ-
able difficulties controlling use in everyday contexts.
These within-person associations were specific to Per-
ceived Impaired Control; Attempted Control showed
no significant associations with cannabis outcomes at
the burst level. This differential pattern aligns with prior
work suggesting that perceived inability to control use
(rather than attempts to control use) represents the core
feature of impaired control that most proximally predicts
consumption patterns (Heather et al. 1998; Taguba et al.
2022). The mediation through difficulty limiting use fur-
ther suggests that self-perceptions of impaired control
assessed via the ICS-C translate into regulatory difficul-
ties in daily life, which are linked with heavier cannabis
consumption as indicated by using more grams of can-
nabis flower and multiple forms of cannabis in each day.
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These findings align with longitudinal alcohol research
demonstrating that impaired control, as measured by
the ICS, prospectively predicts heavier alcohol use and
related problems over time (Leeman et al. 2009; Read
et al. 2007). Our results extend this literature in a few
ways. First, we demonstrate similar predictive validity
for cannabis-specific impaired control, supporting the
transdiagnostic relevance of the impaired control con-
struct across substances. Second, using an intensive lon-
gitudinal design with multiple measurement bursts, we
show that these associations operate dynamically within-
person (burst-to-burst fluctuations) and between-person
— temporal dynamics that have rarely been examined
in prior alcohol research, which has relied primarily on
single follow-up assessments over longer time intervals
(e.g., freshman to senior year; Leeman et al. 2009). Third,
this finding extends prior cross-sectional validation work
(Taguba et al. 2022) by demonstrating that these pro-
cesses unfold dynamically over time and can be observed
in participants’ natural environments through EMA.

Although day-level reports of difficulty limiting can-
nabis use predicted more negative consequences at the
day level, this association was not significant at the burst
level, and thus perceived impaired control did not show
significant indirect associations with consequences at the
burst level, contrary to expectations. This pattern likely
reflects a design limitation of the current study: the brief
EMA windows at each burst (3 weeks) may not have
provided sufficient time to capture the accumulation of
negative consequences during a period of heightened
impaired control. Additional research measuring conse-
quences over longer time periods is needed to more fully
establish the ICS-C’s predictive validity for cannabis-
related harms.

At the between-person level, a different pattern
emerged: Attempted Control significantly predicted neg-
ative consequences through difficulty limiting use, such
that individuals who reported more attempts to control
their cannabis use across bursts experienced more con-
sequences overall. This finding may suggest that users
who experience more consequences are more likely to
recognize the need to attempt control (Heather et al
1993), creating a positive association between attempts
to control and consequences at the between-person level.
However, this association did not manifest within-person
over time (i.e., at the burst level), suggesting that the rela-
tionship between attempted control and consequences
reflects stable individual differences rather than dynamic
temporal processes. Notably, Perceived Impaired Con-
trol showed no significant person-level indirect effects,
despite showing robust burst-level effects. This suggests
that the Perceived Impaired Control subscale may be
particularly sensitive to within-person changes in self-
regulatory capacity across time periods. However, this
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between-person indirect effect of Attempted Control on
consequences through difficulty limiting use did not fully
replicate in a sensitivity analysis using alcohol quantity
(rather than binary alcohol use) as a covariate, suggesting
this association may be sensitive to model specification
and should be interpreted cautiously.

Our differential findings for Attempted versus Per-
ceived Impaired Control both converge with and extend
prior alcohol research. Consistent with the broader lit-
erature, we found that perceived inability to control
use (rather than mere attempts to limit use) was the
stronger predictor of consumption patterns (Heather
et al. 1998; Taguba et al. 2022). However, our study is
among the first to examine Attempted Control along-
side Perceived Impaired Control in a longitudinal design.
Most prior longitudinal studies of the alcohol ICS have
focused exclusively on the Perceived Control (Part 3) or
Failed Control (Part 2) subscales, rarely incorporating
Attempted Control (Part 1) into analyses (Leeman et al.
2012, 2014). This is a notable gap, as some research has
found that Attempted Control was a stronger predic-
tor of alcohol self-administration than Failed Control
in a laboratory setting among nondependent drinkers
(Vaughan et al. 2019). Our null burst-level findings for
Attempted Control suggest this subscale may be less sen-
sitive to temporal fluctuations in cannabis use behavior,
instead capturing more stable individual differences in
recognition of the need for self-regulation — a hypothesis
that warrants further investigation. Together, these find-
ings suggest that the two ICS-C subscales capture differ-
ent aspects of impaired control: Attempted Control may
reflect chronic regulatory efforts among individuals expe-
riencing cannabis-related problems, whereas fluctuations
in perceived capability to adhere to limits (Perceived
Impaired Control) may be more predictive of temporal
changes in use behavior.

We also found strong evidence for discriminant valid-
ity: neither ICS-C subscale predicted difficulty limiting
alcohol use or alcohol-related outcomes after controlling
for cannabis use, demonstrating substance-specificity of
the measure. This finding is critical for establishing that
the ICS-C captures impaired control over cannabis use
specifically, rather than generalized self-regulatory diffi-
culties or a tendency toward heavy substance use more
broadly. The discriminant validity findings replicate and
extend Taguba et al’s (2022) cross-sectional findings in
a longitudinal context, supporting the use of substance-
specific impaired control measures and suggesting that
self-regulatory processes may operate somewhat inde-
pendently across different substances, even among indi-
viduals who use both regularly. This pattern is consistent
with the broader impaired control literature demonstrat-
ing that impaired control is substance-specific rather
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than reflecting general impulsivity or poor self-regulation
(Heather et al. 1993; Leeman et al. 2012).

Limitations and future directions

This study is not without limitations. First, our sample
consisted of non-treatment seeking young adults who
used both alcohol and cannabis regularly, limiting gener-
alizability. The ICS-C’s performance in those who are less
cannabis- or alcohol-involved and in clinical populations
requires further examination. Second, day-level impaired
control was assessed with a single binary item focused on
difficulty limiting use, and we did not assess whether par-
ticipants actually attempted to limit their use on that day;
future EMA studies could more comprehensively capture
all aspects assessed by the ICS-C (attempted control,
failed control, perceived impaired control) on the daily
surveys. Third, cannabis quantity was assessed only for
flower (cannabis grams), not for other cannabis forms like
concentrates or edibles, which may have limited our abil-
ity to capture total cannabis consumption on days when
non-flower products were used. Future research should
examine whether the ICS-C predicts clinically significant
outcomes such as development of cannabis use disorder,
treatment seeking, or quit attempts.

Conclusion

The current study provides robust evidence for the pre-
dictive validity of the ICS-C, particularly the Perceived
Impaired Control subscale, in capturing within-person
fluctuations in self-regulatory capacity that manifest as
observable difficulties limiting cannabis use in daily life
and predict heavier consumption. The findings advance
understanding of impaired control over cannabis as a
dynamic process that operates across multiple temporal
levels, with distinct pathways to consumption versus con-
sequences. Like findings in the alcohol literature where
impaired control has been identified as one of the earli-
est-developing signs of problem drinking (Leeman et al.
2014), the ICS-C may prove valuable for early identifica-
tion and intervention with young adults showing signs of
emerging cannabis-related impairment. Thus, the ICS-C
represents a promising tool for research on cannabis use
trajectories and may prove valuable for identifying indi-
viduals at elevated risk for problematic use.
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