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Abstract

Purpose of Review Many psychosocial interventions for substance use disorders (SUDs) focus on teaching self-regulation
strategies. Research using intensive longitudinal methods (ILM), such as ecological momentary assessment and daily diaries,
is critical for elucidating if and how these strategies function as mechanisms of change among individuals with SUDs. We review
this emerging area of research.

Recent Findings We found a small number of studies using ILM to study self-regulation strategies in SUD (n = 18 studies), with
most conducted among college student drinkers (n =9) and cigarette smokers (n =7), and few among treatment-engaged indi-
viduals, and those with other drug use disorders. There is preliminary evidence that the use of specific self-regulation strategies
commonly taught in psychosocial interventions for SUDs (i.e., cognitive reappraisal, problem-solving, stimulus control, harm
reduction) is associated with decreased momentary or daily substance use, at the within-person level.

Summary There is a need for further ILM research on self-regulation strategies as mechanisms of substance use behavior change.
Such research can inform the development, refinement, and personalization of interventions that teach self-regulation strategies,
including mobile interventions that facilitate strategy use in the moment. One key next step is developing psychometrically
validated ILM assessments of self-regulation strategy use.

Keywords Ecological momentary assessment - Daily diary design - Intensive longitudinal methods - Self-regulation strategies -
Substance use disorder

Introduction

Self-regulation is theorized to play a key role in the develop-
ment, maintenance, and recovery from substance use disor-
ders (SUDs) [1-4]. Although conceptualizations vary, self-
regulation is commonly defined as intentionally modulating
one’s behavior to maintain or achieve a desired goal in the
context of continually fluctuating internal and external
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challenges [5]. For individuals with SUDs, internal (e.g., neg-
ative affect) and external (e.g., people, places, stressful events)
stimuli can become triggers for craving and for using sub-
stances due to conditioning processes [6]. Hence, it is theo-
rized that the employment of adaptive self-regulation strate-
gies is necessary to effectively avoid, reduce, or otherwise
modify one’s craving and/or substance use behavior in the
context of these triggers [7, 8]. Moreover, clinicians common-
ly teach such adaptive self-regulation strategies to help indi-
viduals avoid and reduce substance use and related harm. For
example, among various manualized psychosocial interven-
tions for SUDs, cognitive-behavioral therapies (CBT) [7,
9-12] and mindfulness- and acceptance-based therapies
(MABT) [13—18] are well known for having a strong focus
on teaching adaptive self-regulation strategies. Specifically,
CBTs and MABTSs typically teach both “general” strategies
that are related to general or common life situations (e.g.,
responding to stressful events or negative affect, improving
quality of life, increasing positive affect), as well as “sub-
stance-specific” strategies that are directly related to
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decreasing substance use and related harm. CBT protocols for
SUDs commonly focus on teaching the following types of
self-regulation strategies [7, 9, 10, 19-22]: cognitive reap-
praisal (changing how one thinks about a situation), stimulus
control (controlling one’s exposure to environmental stimuli),
distraction (engaging in behaviors to divert one’s attention
away from challenging experiences), seeking social support
(reaching out to other people for support and/or guidance),
problem-solving (identifying a problem and actively brain-
storming/planning/executing solutions), goal setting (actively
defining specific, measurable, and attainable target goals and
tracking progress), active communication (assertively com-
municating one’s needs and wishes to others), positive activity
engagement (active efforts to plan for/engaged in positive or
enjoyable activities), arousal reduction (engaging in behaviors
or activities to reduce emotional arousal), harm reduction (in-
tentional efforts to minimize harm when using substances),
and physiological management (intentional efforts to regulate
physiological states (e.g., energy level, hunger, thirst, craving)
by engaging in health behaviors related to nutrition, exercise,
sleep, and medication use). See Table 1A for examples (de-
veloped by the current authors) that describe how these types
of strategies are enacted as general self-regulation strategies
and as substance-specific strategies for decreasing substance
use and related harm.

MABT protocols for SUDs feature a strong focus on com-
plementary types of self-regulation strategies [13—16, 23, 24],
including mindful awareness (intentional monitoring and rec-
ognition of experiences in the moment, i.e., thoughts, emo-
tions, sensations, actions, sounds, sights), mindful acceptance
(adopting an open, accepting, and nonjudgmental attitude to-
wards experiences in the moment), savoring (actively attend-
ing to and appreciating present moment experiences, particu-
larly positive or naturally rewarding experiences), and values
clarification (identifying, affirming, and committing to living
by deeply held personal values). See Table 1B for examples
(developed by the current authors) that describe how these
strategies are enacted.

Although self-regulation is theoretically linked to recovery,
and although these strategies are a prominent component of
CBTs and MABTS for SUDs, it remains unclear whether and
how specific self-regulation strategies play a role in substance
use behavior change. Indeed, there is a relatively small
amount of research on the effectiveness of specific self-
regulation strategies among individuals with SUDs. Some
studies have used retrospective measures (e.g., reports on av-
erage behavior in the past month) at single timepoints to eval-
uate the effectiveness of specific strategies among individuals
with SUDs [25-30]. Other studies have taken a laboratory-
based approach in which individuals are trained in one or
more self-regulation strategies, and then asked to employ
these strategies during a craving task [31-39]. However, while
these studies are useful, they do not shed light on the dynamic,

intra-individual process over time by which strategies may
help individuals avoid or reduce substance use in varying
situational contexts.

Over the past several decades, intensive longitudinal
methods (ILM; such as ecological momentary assessment
and daily diaries, see below) have emerged as promising ap-
proaches for studying dynamic, intra-individual processes
over time among individuals with SUDs [40-43]. ILM re-
search on self-regulation strategy use in SUD populations is
especially appealing because it has the potential to provide a
nuanced understanding of how individuals use self-regulation
strategies over time amidst continually fluctuating internal
(e.g., negative affect, craving) and external conditions (e.g.,
drug cues) in one’s momentary or daily situational context.

To our knowledge, only 18 studies have been published
using ILM to study specific self-regulation strategies among
individuals with SUDs. This is a rather small number consid-
ering the rapid growth of ILM research in the SUD field more
broadly. Specifically, the number of ILM studies focusing on
self-regulation strategies in SUDs pales in comparison with
the hundreds of ILM studies that have examined within-
person associations among constructs such as stress, affect,
and craving among individuals with SUDs [43-49]. Given
the prominence of self-regulation strategies in psychosocial
interventions for SUD, we believe that more ILM research
on self-regulation strategy use in SUD is needed. Such re-
search can have direct implications for developing, optimiz-
ing, and personalizing interventions, including novel mobile
interventions (e.g., smartphone apps) that assist individuals in
using self-regulation strategies in the moment during their
daily lives [50].

Accordingly, in this paper, we (a) briefly review ILM, (b)
provide a narrative review of published ILM studies that mea-
sured self-regulation strategy use on a momentary or daily
basis among individuals reporting substance use or who have
SUDs, and (c¢) outline recommendations for future research.
For our review, we searched PubMed and Google Scholar
with various combinations of the following search terms for
studies in humans, published in English before March 1,
2020: “ecological momentary assessment,” “daily diary,” “in-
tensive longitudinal methods,”
bulatory assessment,” “mobile app,
regulation strategies,” “emotion regulation strategies,” “pro-
tective behavioral strategies,” “harm reduction strategies,”
“coping,” “alcohol,” “smoking,” “substance use,” “drinking,”
“cannabis,” and “addiction.” Of note, the delineation of CBT
and MABT strategies described above and in Table 1 is pri-
marily intended to provide a guiding framework for this paper.
In our literature search itself, we did not restrict our search to
papers that studied only CBT or MABT self-regulation strat-
egies. Yet, given that CBTs and MABTS teach a wide array of
self-regulation strategies, all of the ILM studies identified in
our search and included in our review examined self-
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regulation strategies that are taught within CBT or MABT
intervention protocols.

The Promise of Intensive Longitudinal
Methods

ILM is an umbrella term that refers to repeated and frequent
collection of data from people in their natural environment, at
a relatively micro timescale [S1¢]. For example, ecological
momentary assessment (EMA) studies often involve
collecting data multiple times a day using brief surveys con-
ducted via a person’s smartphone or some other handheld
device. In “signal-contingent” EMA surveys, participants are
signaled at random timepoints during their day (e.g., via a text
alert) and asked to complete a brief survey in the moment.
Researchers often employ signal-contingent surveys on a
“quasi-random” basis in which participants are signaled to
complete one EMA survey within several blocks of time dur-
ing the day (e.g., five 90-min blocks of time spaced through-
out the day). In “time-contingent” EMA surveys, participants
are instructed to complete assessments within a specific time
window during the day (e.g., within 30 min of waking up or
before going to bed). In “event-contingent” EMA, participants
are instructed to self-initiate a brief survey before, during, or
after pre-specified events that might occur during their day,
such as a stressful situation, a craving episode, or substance
use. A daily diary design is another common type of ILM, in
which participants complete daily surveys over a period of
time, such as 1 week or 1 month.

Relative to retrospective assessment, [LM has several ad-
vantages [40], including the following: (1) reduction of mem-
ory biases that occur when people try to recall behaviors that
occurred in the past; (2) greater ecological validity, because
individuals are assessed in their natural environments; (3)
greater context specificity, because researchers can assess
the immediate contextual conditions (e.g., external environ-
ment, craving levels) in which a behavior is embedded; (4)
greater temporal granularity that allows investigation of dy-
namic processes over time; (5) the ability to investigate intra-
individual or within-person associations (i.e., how two vari-
ables are related to each other within the same individual over
time), in addition to inter-individual or between-person asso-
ciations (i.e., how individual differences in one variable relate
to individual differences in another variable); (6) it al-
lows assessment of cross-level interactions that can re-
veal how within-person associations are moderated by
individual differences (e.g., gender as moderator of the
within-person association between negative affect and
smoking); and (7) the capacity to examine intra-
individual variability, or how one’s experience (e.g.,
negative affect, craving) fluctuates over time.

@ Springer

Studies Using ILM to Study Self-Regulation
Strategies Among Cigarette Smokers

To our knowledge, seven studies have used ILM to study self-
regulation strategies among cigarette smokers. Table 2A pro-
vides a summary of the key methodological approaches and
findings from those studies. Notably, these studies are rela-
tively old, with five studies conducted more than 9 years ago
[55-59], and two studies conducted more than 20 years ago
[58, 59]. Three of these studies used EMA with portable hand-
held devices or smartphones [55, 58, 59], two studies used an
EMA method in which participants carried a tape recorder
with them each day and recorded information about how they
coped with cravings [56, 57], and two studies involved track-
ing of participant behavior as part of a smartphone-based in-
tervention [52, 54]. Four studies included signal-contingent
surveys [55, 58, 59], while two studies (those that used tape
recording) involved event-contingent reports in which partic-
ipants were instructed to document their coping attempts
whenever they had cravings to smoke [56, 57].

One EMA study simply asked participants to indicate
whether or not participants tried to cope with stress during a
stressful episode using a simple yes/no [55]. The authors
found that coping during a stressful episode was not associat-
ed with less smoking, and concluded that coping following a
quit attempt may not help smokers stay abstinent. However,
given the imprecise yes/no measure of coping, it is difficult to
draw a meaningful conclusion from this study.

Three studies assessed whether individuals used cognitive
strategies (e.g., thinking of the negative consequences of
smoking) or behavioral strategies (e.g., avoiding triggers) for
coping with cravings. However, these studies did not report
which specific self-regulation strategies participants engaged
in. One study examined between-person effects and found that
participants who lapsed did not differ from those who main-
tained abstinence on the frequency of reported cognitive and
behavioral coping strategies [58]. Among the studies examin-
ing within-person effects, one found that use of cognitive
strategies, but not behavioral strategies, was associated with
lower lapse risk during a craving episode [59], whereas the
other study found that the combined use of cognitive and
behavioral strategies was most effective for reducing lapse
risk during craving episodes [56¢°].

One study involved a comprehensive analysis of several
specific self-regulation strategies [56¢¢]. In this study,
within-person analyses revealed that numerous behavioral
and cognitive self-regulation strategies, including stimulus
control, distraction, arousal reduction, and cognitive reap-
praisal, were each associated with lower lapse risk during
craving episodes. They also found that total number of strat-
egies used during a craving episode was associated with lower
lapse risk and a reduction in cravings. Hence, this study offers
the strongest evidence that the use of specific self-regulation
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strategies, particularly those taught in CBT (see Table 1A),
may reduce risk of momentary lapse to smoking during a
craving episode.

Finally, two secondary data analysis studies (each using
slightly different analytic methods) of the same parent inter-
vention trial evaluated the effectiveness of a mindful accep-
tance strategy i.e., (“letting cravings pass™; [52, 54].
Participants tracked how often they used this strategy on their
smartphone as part of a smartphone-based intervention inte-
grating MABT and CBT elements. Both analyses converged
on the finding that greater use of this strategy during the in-
tervention was associated with better smoking outcomes at the
2-month follow-up. Of note, these studies evaluated between-
person effects with aggregated daily data, rather than within-
person effects on a momentary or daily basis.

Studies Using ILM to Study Self-Regulation
Strategies Among Individuals Using Alcohol
and/or Cannabis

Table 2B provides a summary of the 11 studies we found in
this category. Nine of 11 studies were conducted among col-
lege students, and all nine of these studies used daily diary
designs [60, 62, 64, 67, 68, 7072, 74]. Two studies included
treatment-engaged individuals; one of these used a mix of
time- and event-contingent EMA assessments [66¢°], while
the other used only signal-contingent EMA [73¢¢]. Out of
the 11 studies, nine studies were among individuals reporting
alcohol use [62, 64, 68, 70-72, 74], one study among individ-
ual reporting cannabis use [60¢], and one study among indi-
viduals reporting both alcohol and cannabis use [67¢¢]. We
were unable to find any studies using ILM to study self-
regulation strategies among individuals reporting use of drugs
other than cigarettes, alcohol, and cannabis.

Four of the studies used daily diaries to measure college
students’ use of alcohol-related protective behavioral strate-
gies (PBS), which are harm reduction strategies aimed at min-
imizing potential harm or negative consequences from alcohol
use. Several of those studies showed that “manner of drink-
ing” PBS (i.e., changing the manner in which one consumes
alcohol, such as drinking slowly, and avoiding drinking
games and “pre-gaming”) were associated with lower alcohol
use or negative alcohol-related consequences at the within-
person level [62, 64, 70, 71]. However, some of the same
studies found that “stopping/limiting” PBS (e.g., setting a
drink limit; [71], “serious harm reduction” PBS (e.g., using a
designated driver; [70, 71], and “sexual assault prevention”
PBS (e.g., had a trusted friend walk me home; [64] were
associated with more alcohol use or negative alcohol-related
consequences on a given occasion at the within-person level.
One possible explanation for these associations is that college

students may plan to use certain PBS in advance when they
know they will be drinking heavily on a given occasion.

Two daily diary studies focused on how self-regulation
strategies for managing general distress were related to alco-
hol use among college student drinkers [67, 74]. Both of these
studies found that problem-solving was related to less daily
drinking at the within-person level. One study examined bi-
directional relationships between the use of self-regulation
strategies and substance use [67]. Interestingly, they found
that (a) heavy drinking, marijuana use, or co-use of alcohol
and marijuana was associated with lower odds of using
problem-solving the next day; (b) heavy drinking increased
odds of next day use of avoidance strategies; and (c) marijuana
use increased odds of using reappraisal the following day.
This study highlights the importance of considering reciprocal
effects over time and that substance use itself may warrant
subsequent self-regulation.

One randomized clinical trial used EMA to measure the use
of CBT coping strategies during 2-week periods before and
after packaged CBT or individualized CBT for alcohol use
disorder [73]. Individualized CBT involved using the 2-
week pre-treatment EMA data—which included measure-
ments of mood, cognitions, triggers, and coping strategies—
to tailor CBT to each individual. Results showed that individ-
ualized CBT, relative to packaged CBT, led to significantly
greater pre- to post-treatment increases in the momentary use
of several CBT coping strategies during temptation episodes:
distraction, active communication (i.c., refusing offers to
drink), and stimulus control. However, this study did not ex-
amine how specific self-regulation strategies were differential-
ly associated with alcohol use outcomes at the within-person
level.

One study offered a smartphone-based app that facilitated
the use of coping strategies for managing cravings in the mo-
ment among individuals with alcohol use disorder [66]. As
part of this study, the app tracked participants’ use of specific
coping strategies. At the within-person level, they found that
the momentary use of several specific coping strategies (of-
fered within the app) was associated with a lower risk for
drinking during craving episodes. These strategies included
mindful acceptance (i.e., “urge surfing”), distraction (i.e.,
distracting activity), values clarification (i.e., “viewing rea-
sons for change”), seeking social support (i.e., contacting a
support person), and stimulus control (i.e., escape a trigger).

Summary and Recommendations for Future
Research

It is difficult to draw definitive conclusions based on the rel-
atively small number of ILM studies on self-regulation strat-
egies in SUDs. Yet, it is important to note that there are some
preliminary findings about the effectiveness of specific self-
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regulation strategies at the within-person level, which are
unique to ILM. Specifically, there is preliminary evidence that
(1) stimulus control, distraction, arousal reduction, and cogni-
tive reappraisal are each associated with reduced momentary
lapse risk among smokers [56]; (2) “manner of drinking” PBS
is associated with lower daily drinking [64, 70, 71] or negative
alcohol-related consequences [62, 71] among college student
drinkers; (3) problem-solving during stressful situations is as-
sociated with lower daily alcohol use among college student
drinkers [67, 74]; and (4) smartphone app-assisted use of
mindful acceptance, distraction, values clarification, seeking
social support, and stimulus control are each associated with
lower risk of drinking during a craving episode among indi-
viduals with alcohol use disorder [66]. As such, these prelim-
inary findings suggest that ILM research has the potential to
offer useful insights about the within-person effects of using
specific self-regulation strategies.

Ultimately, we believe that research using ILM to study
self-regulation strategies in SUD can be valuable in multiple
ways, such as clarifying whether CBT-based, MABT-based,
or other self-regulation strategies are effective at the within-
person level, how contextual and individual difference factors
moderate self-regulation strategy effectiveness, and how strat-
egies may function as mechanisms of change within or across
psychosocial interventions. Altogether, such insights have the
potential to directly inform interventions for SUD, including
those that already focus on self-regulation strategies, such as
CBTs and MABTSs. Furthermore, this line of research may be
especially fruitful in developing and refining the next wave of
mobile app-based interventions that aid individuals in using
effective self-regulation strategies in the moment [50]. Thus,
we encourage SUD researchers to employ ILM and integrate
measures of self-regulation strategies into ongoing and new
work. Consistently, below we include key recommendations
for future research using ILM to study self-regulation in SUD.

Categorizing Self-Regulation Strategies

Self-regulation strategies can be organized into many different
categories or classes depending on particular dimensions of
focus that might be shared by any given set of strategies. Both
within and outside the SUD field [57, 75-78], researchers
have used various categorization schemes for self-regulation
strategies (e.g., cognitive vs. behavioral; problem-focused vs.
emotion-focused; approach vs. avoidant; antecedent-focused
vs. response modulation). Indeed, various categorization
schemes for self-regulation strategies can be useful depending
on the specific scientific research aims at hand. For research
aimed at informing the improvement of psychosocial inter-
ventions for SUD, we believe that it is useful to organize
self-regulation strategies into “CBT-focused” and “MBAT-
focused” strategies as well as “general” and ‘“‘substance-spe-
cific.” Accordingly, we created Table 1 to provide a guiding

@ Springer

conceptual framework that may be useful for ILM research on
putatively adaptive self-regulation strategies among individ-
uals with SUD.

We think categorizing self-regulation strategies as “CBT”
or MBAT” strategies is of practical utility because this cate-
gorization corresponds with current intervention protocols.
Therefore, research using this framework can clearly and di-
rectly inform these interventions, and provide insight about
whether CBTs and MBAT intervention packages or proce-
dures are indeed mobilizing the mechanisms they intend to
target. Overall, the SUD treatment field has much to learn
about how different types of intervention packages, modules,
or procedures actually influence changes in the use self-
regulation strategies. Hence, we encourage researchers to
measure both CBT and MABT self-regulation strategies in
their studies when possible, even if only one particular inter-
vention (e.g., CBT) is under study. In this way, the field can
gain a better understanding of both shared and diverging
mechanisms of change between what we consider to be
CBT or MABT intervention approaches.

We believe that the categories of “general” and “substance-
specific” self-regulation strategies are useful for gaining a
more nuanced understanding of self-regulation (see Table 1).
Several other SUD treatment researchers have made the dis-
tinction between “general” and “substance-specific” self-
regulation [27-29, 79]. General strategies and substance-
specific strategies may interact over time or in particular con-
texts to influence substance use behavior and related harm
(e.g., lapse to any use, relapse to persistent use, substance-
related accident or overdose). For example, deficits in the
use of general self-regulation strategies (e.g., problem-solv-
ing, seeking social support) may contribute to an accumula-
tion of stress in daily life, which in turn may impair one’s
ability to use substance-specific self-regulation strategies dur-
ing situations posing a high-risk for using substances. Of note,
we do not believe that the use of general self-regulation strat-
egies is “orthogonal” from the use of substance-specific reg-
ulation. Rather, the use of general substance-specific self-reg-
ulation strategies can be viewed as highly overlapping and
intertwined processes over time.

Developing and Validating New ILM-Specific
Measures of Self-Regulation Strategy Use

ILM-specific measures are those specifically intended as a
momentary or daily measure of one or more constructs. The
development and psychometric validation of such ILM-
specific measures is a relatively new direction in psychologi-
cal science in general and SUD science in particular.
Psychometric validation of an ILM-specific measure involves
using EMA or daily diary data to evaluate the psychometric
properties (e.g., internal consistency reliability, construct,
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convergent, and discriminant validity) at both the within- and
between-person level.

Recently, one study developed and validated a multi-item
momentary measure of impulsivity suitable for EMA research
[80]. This study provides an excellent example of how ILM-
specific measures can be developed and validated. However,
in the broad field of psychological science, there is still a lack
of validated ILM-specific measures dedicated to assessing
momentary or daily variability over time in the use of self-
regulation strategies. Not surprisingly, there is also a lack of
validated ILM-specific measures of self-regulation strategies
particularly relevant to SUD populations (i.e., assessing strat-
egies for changing substance use behavior; see Table 1).
Importantly, such psychometrically validated (at the within-
person level) ILM-specific measures are needed in order to
synergize ILM research efforts moving forward and ensure
that self-regulation strategies are being assessed in a reliable,
valid, and standardized manner. Accordingly, one potential
fruitful future direction is the development and psychometric
validation of momentary or daily ILM measures that assess
the use of specific self-regulation strategies commonly taught
in CBTs and MABTSs for SUD, as well as general and
substance-specific strategies (see Table 1).

ILM measures that include multiple items for measuring a
single self-regulation strategy would be psychometrically use-
ful because reliability of these measures can be assessed. As
shown in Table 1, there are many self-regulation strategies
that can be measured, and these strategies can be applied in
different ways. Hence, to avoid the creation of excessively
long measures, researchers developing ILM-specific measures
with multiple items for each strategy might consider focusing
on measuring a select number of “key” self-regulation strate-
gies that are deemed particularly important in a given subpop-
ulation or for a particular line of research.

Adapting Items from Traditional Self-Report
Measures of Self-Regulation Strategies

As noted, there is currently a lack of psychometrically validat-
ed ILM-specific measures of self-regulation strategies. Hence,
in the meantime, researchers conducting ILM studies on self-
regulation strategies in SUD populations may need to adapt a
select number of items (as well as the instructions) from longer
traditional retrospective questionnaires on self-regulation
strategies. Indeed, most of the ILM studies discussed in the
current review (see Table 2) used such adaptations [60, 62, 64,
67, 68,70-72, 74]. Until ILM-specific measures are validated,
this may be the best approach. However, it should be noted
that traditional measures of self-regulation strategies typically
focus on examining nomothetic or “inter”-individual varia-
tions (e.g., difference in one’s use of self-regulation strategies
compared with others) assuming homogeneity in dynamic
self-regulatory processes, whereas ILM-specific measures

could focus on assessing idiographic or “intra”-individual var-
iations (e.g., changes in one’s use of self-regulation strategies
in different contexts or time periods). Hence, when items
adapted from between-person level questionnaires are used
in ILM studies, researchers are fundamentally asking different
research questions. In addition, as recently demonstrated in
studies on affect [81], there can be quite different psychomet-
ric properties (e.g., reliability, factor structures, validity) be-
tween the traditional retrospective (between-person level)
questionnaires of self-regulation strategies and ILM-specific
measures on self-regulation strategies.

The use of single items to measure specific self-regulation
strategies may be disadvantageous from a psychometric per-
spective (i.e., internal consistency reliability). However, we
think that a “single item per strategy” approach may be par-
ticularly appropriate and valuable in both EMA or daily diary
research under certain circumstances, such as when there is
strong interest in people’s regulatory repertoire [2], and/or
when surveys need to be kept as brief as possible. In regard
to regulatory repertoire, measuring a broad range of self-
regulation strategies may be useful for adequately capturing
an individual’s overall repertoire (“toolkit”) of strategies over
time and/or for capturing patterns of strategy use in a given
moment or day. Using single items to measure strategies in
ILM designs can also significantly reduce participant burden
and may be necessary if there are concerns about overly
lengthy surveys and assessment fatigue.

Choosing Appropriate Design Features for ILM
Studies

Daily diary designs for assessing self-regulation strategies
may be quite useful, and should not necessarily be regarded
as less valuable than EMA designs with multiple assessments
per day. Although daily diary designs do not provide “real-
time” assessment of self-regulation strategy use, they still sig-
nificantly reduce the time window for recalling past use of
strategies, relative to traditional retrospective measures.
Moreover, relative to EMA, daily diaries are less intensive
to administer, provide less burden on participants, and allow
for longer surveys at each assessment occasion. Thus, daily
diaries may be useful when researchers have a strong interest
in using ILM to assess numerous self-regulation strategies per
assessment occasion, with multiple items for each strategy.
End-of-day or evening daily diaries (e.g., a survey completed
30 min before going to bed each day) may be particularly
useful for studying self-regulation strategies [67]. For exam-
ple, individuals can report the frequency of using strategies
that day (e.g., “So far today, how often have you used the
following strategies?”’). Another possibility is to assess gener-
al self-regulation strategies using daily diaries (e.g., as part of
a longer end-of-day report) in combination with assessing
substance-specific strategies multiple times per day with
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EMA. This particular diary + EMA design may be useful
when researchers are primarily interested in understanding
substance-specific self-regulation before, during, or after par-
ticular substance-related high-risk episodes within a day, and
are also interested in how “background” general self-
regulation during preceding days or on the same day may
influence substance-specific self-regulation.

EMA is more suitable when there is a strong interest in how
self-regulation strategies function on a momentary basis
throughout the day or relative to specific daily events (e.g.,
stressors). Administering multiple quasi-random signal-con-
tingent EMA assessments each day may be a useful approach
for “casting a wide net” and capturing people’s use of self-
regulation strategies at different times throughout the day.
Event-contingent assessments may be useful when there is
strong interest in evaluating self-regulation before, during, or
after key events, such specified cues or stressors tied to sub-
stance use. Combining signal- and event- contingent EMA
assessments can be useful for capturing self-regulation strate-
gies used throughout the day, as well as strategies used before,
during, or after key events — as well as their combined dynam-
ics. Of note, event-contingent EMA assessments alone may
not be sufficient to examine use of self-regulation strategies
because individuals may not remember to (or choose to) ini-
tiate a survey for a given event-type (e.g., a lapse), biasing the
data.

Further, we believe that it is important to consider the in-
structions about the time frame for reporting on self-regulation
strategies in ILM, and perhaps particularly in EMA. For ex-
ample, asking “Right now, which of the following strategies
are you using ...” may be confusing for participants because
they may not perceive that they are using strategies in that
exact moment. Although the instruction “Since the last report
...” is often used in EMA studies, this type of instruction can
be also problematic when participants have varying levels of
compliance and miss reports throughout the day, thereby
reporting on different time windows. We currently believe that
instructions that specify a recent time window are most appro-
priate, such as “In the past hour.” In such cases, it may also be
most appropriate or more interpretable to have binary re-
sponse options to indicate whether or not a strategy was used
within the specified time window because the frequency-
based Likert scales (e.g., the differences between using a strat-
egy “occasionally” vs. “frequently’’) may be confusing with a
short time frame. As an alternative, the total number of times
using a strategy per day or over a given time period can be
computed by summing the responses from the binary yes/no
items on each individual EMA survey.

Here we focus mostly on ILM measures of the frequency of
using self-regulation strategies, yet there may be other impor-
tant quantitative or qualitative measures that assess self-
regulation strategies. For example, researchers could ask
quantitative questions about how much perceived effort a

@ Springer

person put into using a strategy or the perceived success or
effectiveness of executing a given strategy. Researchers could
also employ qualitative measures that ask participants verbally
record details about how a strategy was used or what a person
did overall to cope or respond to a given situation.

For EMA studies, researchers should consider the use of
“branching” in which participants only receive a portion of an
EMA survey if they provide a certain response to an item. For
example, researchers might only ask about substance-specific
strategies when participants report cravings or exposure to
external drug cues like social events, drug paraphernalia, or
drugs. Using this strategy could help researchers to gather rich
EMA data on use of self-regulation strategies while reducing
response burden for participants. However, researchers need
to be aware that participants may learn the branching logic and
adjust their answers to avoid answering further questions.

Expanding to a Broader Range of SUD Populations

Most of the research using ILM to study self-regulation strat-
egies in SUD has been among college student drinkers and
cigarette smokers. Future research is needed among a broader
range of individuals with SUDs (e.g., individuals using opi-
oids, cocaine, cannabis, or multiple drugs) in order to establish
similarities and differences in the use and effectiveness of self-
regulation strategies across them.

Integrating ILM in Clinical Trial Research

We identified only a few ILM studies among treatment-
engaged individuals with SUDs. We encourage researchers
to integrate ILM into clinical trials to examine the momentary
or daily use of self-regulation strategies as a mechanism of
change. We believe this is especially important for clinical
trials evaluating CBTs or MABTS, which both emphasize
training in self-regulation strategies. Importantly, ILM allows
researchers to examine different patterns of change throughout
an intervention, as compared with merely investigating chang-
es from pre- and post-treatment. For example, with recent
statistical advancements (e.g., time-varying effects model,
functional data analysis), researchers can explore not only
the overall shape of change (e.g., increasing, decreasing, fluc-
tuating), but also when a clinically meaningful change occurs
during an intervention, or whether the rate of change is con-
sistent throughout the study period [82—84].

Examining the Role of Contextual Factors

ILM allows for nuanced measurement of fluctuating intra-
individual factors in the immediate situational context [2],
such as the occurrence and intensity of daily hassles, negative
affect, positive affect, craving, the presence of drug cues, and
the accessibility of substances. Further research is needed on
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how these intra-individual factors in the immediate situational
context influence the use and effectiveness of self-regulation
strategies. For example, it is plausible that substance-specific
strategies like escaping cues (stimulus control) and drug re-
fusal (active communication) may be particularly effective for
preventing or reducing the immediate use of substances dur-
ing high-risk situations in which individuals experience in-
tense cravings and/or are exposed to cues or substances in
their immediate environment. Additionally, it is plausible that
substance-specific strategies like thinking of the future nega-
tive consequences of drug use (cognitive reappraisal) and no-
ticing and accepting a craving without judgment and letting it
pass (mindful acceptance) may be particularly effective as
strategies to frequently implement throughout one’s day
(e.g., for passing cravings of varying levels of intensity that
arise throughout the day) in order to prevent escalations in
craving intensity over time.

Contextual factors in the broader context in which an indi-
vidual is embedded may also influence the use and effective-
ness of self-regulation strategies. The broader context may
include major life events (e.g., losing one’s job, traumatic
events), environmental conditions (e.g., discrimination, socio-
economic status, social support), and person-level dispositions
or characteristics (e.g., gender, race/ethnicity, substance use
disorder severity, psychiatric and medical comorbidities). For
example, the use of general self-regulation strategies for man-
aging stress may play a particularly important role in the SUD
recovery process among individuals experiencing frequent
and severe demands in their lives (e.g., an individual
experiencing co-occurring depression and chronic pain, a his-
tory of trauma, low-income status, and frequent incidences of
racial and gender discrimination).

Importantly, hypotheses regarding the role of contextual
factors can be empirically tested with ILM research. For fur-
ther guidance on how to consider contextual variables in the
study of self-regulation among individuals with SUD, readers
are referred to the first author’s paper proposing a contextual
model of self-regulation change mechanisms [2].

Conclusions

Overall, there are still a relatively small number of stud-
ies using ILM to study self-regulation strategies among
individuals with SUDs. However, extant studies high-
light the promise of ILM and provide preliminary evi-
dence that certain self-regulation strategies are associat-
ed with decreased substance use at the within-person
level. We believe that ILM research is particularly well
suited to enhance our understanding of the dynamic,
intra-individual process in which self-regulation strate-
gies facilitate substance use behavior change over time.
This research has the potential to directly inform the

refinement and personalization of CBTs and MABTSs
for SUD, as well as other interventions. Specifically,
this research can inform the next generation of mobile,
technology-based interventions for SUDs that help indi-
viduals implement self-regulation strategies in the mo-
ment during their daily lives [50, 85-87]. In this article,
we have provided several recommendations for future
research using these methods, with a particular focus
on how self-regulation strategies are measured. We look
forward to the next wave of ILM research on self-
regulation strategies among individuals with SUDs.
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