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H I G H L I G H T S  

• We piloted mobile-delivered interventions to meet the needs of rural populations. 
• Mobile-delivered behavioral economic interventions appear acceptable and feasible. 
• Preliminary efficacy outcomes show promise in reducing alcohol use and consequences. 
• Preliminary efficacy outcomes were similar across all active conditions.  
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A B S T R A C T   

Background: At-risk alcohol use is associated with increased adverse health consequences, yet is undertreated in 
healthcare settings. People residing in rural areas need improved access to services; however, few interventions 
are designed to meet the needs of rural populations. Mobile interventions can provide feasible, low-cost, and 
scalable means for reaching this population and improving health, and behavioral economic approaches are 
promising. 
Methods: We conducted a pilot randomized controlled trial focused on acceptability and feasibility of a mobile 
behavioral economic intervention for 75 rural-residing adults with at-risk alcohol use. We recruited participants 
from a large healthcare system and randomized them to one of four virtually-delivered conditions reflecting 
behavioral economic approaches: episodic future thinking (EFT), volitional choice (VC), both EFT and VC, or 
enhanced usual care control (EUC). The intervention included a telephone-delivered induction session followed 
by two weeks of condition-consistent ecological momentary interventions (EMIs; 2x/day) and ecological 
momentary assessments (EMAs; 1x/day). Participants completed assessments at baseline, post-intervention, and 
two-month follow-up, and provided intervention feedback. 
Results: All participants completed the telephone-delivered session and elected to receive EMI messages. Average 
completion rate of EMAs across conditions was 92.9%. Among participants in active intervention conditions, 
89.3% reported the induction session was helpful and 80.0% reported it influenced their future drinking. We also 
report initial alcohol use outcomes. 
Discussion: The behavioral economic intervention components and trial procedures evaluated here appear to be 
feasible and acceptable. Next steps include determination of their efficacy to reduce alcohol use and public health 
harms.  

* Correspondence to: University of Michigan, Department of Psychiatry, Bld. 16, 2nd Fl. 2800 Plymouth Road, Ann Arbor, MI 48109, United States. 
E-mail address: laraco@med.umich.edu (L.N. Coughlin).  

Contents lists available at ScienceDirect 

Drug and Alcohol Dependence Reports 

journal homepage: www.elsevier.com/locate/dadr 

https://doi.org/10.1016/j.dadr.2024.100225 
Received 22 December 2023; Received in revised form 26 February 2024; Accepted 26 February 2024   

mailto:laraco@med.umich.edu
www.sciencedirect.com/science/journal/27727246
https://www.elsevier.com/locate/dadr
https://doi.org/10.1016/j.dadr.2024.100225
https://doi.org/10.1016/j.dadr.2024.100225
https://doi.org/10.1016/j.dadr.2024.100225
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Drug and Alcohol Dependence Reports 11 (2024) 100225

2

1. Introduction 

Globally, 3 million deaths per year result from harmful alcohol use, 
accounting for 5.3% of all deaths worldwide (World Health Organiza-
tion, 2022). In the United States, over 28 million adults meet criteria for 
past-year alcohol use disorder (AUD) (SAMHSA, 2023). At-risk alcohol 
use, defined as an Alcohol Use Disorder Identification Test - Consump-
tion (AUDIT-C) score of ≥3 in females and ≥4 in males (Bradley et al., 
2007; Bush et al., 1998), is associated with increased adverse health 
consequences such as injury, impaired driving, and developing an AUD 
(Grant et al., 2015; Taylor et al., 2010). At-risk alcohol use in adults is 
undertreated in healthcare settings (Sacks et al., 2015; Stahre et al., 
2014). In particular, rural populations experience increasing disparities 
in alcohol-related harms, including alcohol-related mortality (Friesen 
et al., 2022; Spencer et al., 2020), and are less likely to receive 
alcohol-related care (Ali et al., 2022; Davis and O’Neill, 2022). 
Compared to urban centers, alcohol-related care in rural areas is less 
affordable (Pringle et al., 2006), of lower quality (Edmond et al., 2015), 
and less accessible (Cyr et al., 2019; Small et al., 2010), with very few 
early interventions tailored to meet the specific needs of people in rural 
areas. 

Although there is variation in rurality, treatment that requires 
repeated office visits often fails to meet the needs of rural residents due 
to geographic distances, healthcare provider shortages, and cost (Mer-
win et al., 2003; Reschovsky and Staiti, 2005). However, primary care 
provides an excellent setting for identifying people with at-risk alcohol 
use and linking them to mobile health interventions, including phone, 
video, text message, and app-based interventions. Mobile health in-
terventions have potential to fill the gap between prevention and ter-
tiary care (Kaner et al., 2018; Laditka et al., 2009; Weinhold and 
Gurtner, 2014), and remotely-delivered care may minimize 
stigma-related concerns by fostering greater privacy, which is key in 
rural communities that hold greater concern for anonymity (Browne 
et al., 2016) and values around self-sufficiency (Crumb et al., 2019). 
Mobile health interventions provide feasible and potentially low-cost 
means for reaching rural adults, and may reduce practical barriers 
such as transportation (Benavides-Vaello et al., 2013), because 91% of 
rural Americans own cell phones and rates of home broadband and 
smartphone ownership continue to climb (Mobile Fact Sheet, 2021; 
Vogels, 2021). In the current study, we examine a behavioral economic 
intervention for rural at-risk alcohol use developed using the 
multi-phased optimization strategy (MOST) (Collins, 2018), with a focus 
on establishing initial feasibility and acceptability of the intervention 
and randomized trial procedures. Additionally, we report on initial ef-
ficacy outcomes (i.e., preliminary intervention outcomes via alcohol use 
measures). 

1.1. Behavioral economic approaches 

Grounded in behavioral economic theory (Bickel et al., 2011, 2014, 
2016), the current intervention components focus on increasing 
engagement in alternative activities without alcohol or with less alcohol 
(Moody et al., 2018; Murphy et al., 2012, 2019) and shifting thinking 
toward positive future events (Athamneh et al., 2022; Snider et al., 
2016). Increasing engagement in alternative activities decreases de-
mand for alcohol and increases reinforcement (time x enjoyment) from 
alcohol-free activities, whereas increasing future orientation decreases 
in-the-moment alcohol demand and discounting of future rewards 
(Meshesha et al., 2020; Snider et al., 2016). Targeting real-time alter-
native behaviors to alcohol use and increased focus on future goals and 
events hold promise for reducing alcohol use through behavioral eco-
nomic mechanisms (reducing alcohol demand, increasing alcohol-free 
activity reinforcement, reducing delay discounting) (Bickel et al., 
2014). Yet, rural populations are rarely represented in prior work 
(Meshesha et al., 2020; Murphy et al., 2019), which focuses largely on 
college students and people residing in urban centers. 

1.2. Multi-phased Optimization Strategy guidelines 

This study is guided by the Multi-phased Optimization Strategy 
(MOST) (Collins, 2018), an engineering-inspired framework that pro-
vides a process for optimizing multicomponent behavioral in-
terventions, including three phases: preparation (pilot or feasibility trials 
to test intervention components), optimization (effectiveness of inter-
vention components tested with considerations for affordability, scal-
ability, and efficiency), and evaluation (optimized intervention tested 
against a suitable control). Our current work is situated in the prepa-
ration phase, focusing on the refinement, feasibility, and acceptability of 
treatment components within the target population. 

1.3. Present study 

Herein, we use a participant-centered approach to refine two 
behavioral economic intervention components to enhance fit for people 
in rural areas with at-risk alcohol use. The intervention components are: 
volitional choice (VC), which involves replacing a potentially risky 
health behavior with an alternative via creation of “if-then” plans 
(Armitage and Arden, 2012; Moody et al., 2018), and episodic future 
thinking (EFT), which involves envisioning future personal experiences 
in vivid detail (Brown and Stein, 2022). We conducted a pilot ran-
domized controlled factorial trial to assess acceptability and feasibility 
of the intervention components and trial design. 

2. Methods 

This project received Institutional Review Board approval and is 
registered in clinicaltrials.gov (NCT05235971). 

2.1. Preparatory refinement of the intervention components and research 
procedures 

In preparation for the pilot study, we developed the two intervention 
components (EFT and VC) and study procedures, including assessments, 
before conducting two waves (wave 1: n=6, wave 2: n=9; May to 
December 2021) of beta testing with the target population (i.e., rural 
adults with at-risk alcohol use) to refine intervention components and 
research procedures. For details see Supplementary Materials. Re-
finements included: changing telephone-delivered surveys to online 
surveys to reduce burden, increasing intervention induction session 
prompts to maintain novelty, and adding example prompts from rural 
adults to enhance population-specific relevance (Fig. 1). 

2.2. Setting, population, and recruitment 

Study personnel reviewed Electronic Health Records (EHRs) of 
potentially eligible participants seen in primary care settings of a large 
academic healthcare system who met preliminary screening criteria: (1) 
adults aged 18 and older with a primary care appointment within the 
past two years, and (2) home address zip code in a rural-designated area. 
All participants lived in rural-designated areas, with 72 in Rural-Urban 
Commuting Area (RUCA) areas (Category E; RUCA, n.d.), and the 
remaining three participants residing in CMS Rural Health Areas (Rural 
Health Clinics Center, n.d.). 

Identified potentially eligible participants were recruited remotely 
by telephone, text message, and email to screen for eligibility, including: 
(1) AUDIT-C score of ≥3 in females or ≥4 in males (Bradley et al., 2007; 
Bush et al., 1998), and (2) regular access to internet-enabled device (e. 
g., smartphone, computer, tablet). Study exclusion criteria was defined 
as: (1) does not understand English, (2) currently pregnant, (3) unable to 
provide informed consent due to medical/psychiatric reasons, and/or 
(4) current treatment for a substance use disorder. Participant recruit-
ment led by part-time staff occurred May 2022 through April 2023. 
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2.3. Study protocol 

Participant involvement lasted approximately two months, 
including: (1) a baseline telephone-delivered Timeline Follow-Back 
(TLFB) and online assessment (remunerated $30); (2) a telephone- 
delivered session: intervention induction (i.e., collaborative interven-
tion content development session) for active conditions and resource 
brochure review for enhanced usual care (EUC; $30); (3) a two-week 
ecological momentary intervention (EMI) period (2x/day, sent four 
hours apart, for all active condition participants) and ecological 
momentary assessments (EMAs; 1x/day at participant’s preferred time, 
sent with the first EMI of the day; $3/EMA); (4) a post-intervention 
telephone-delivered TLFB, feedback interview, acceptability survey, 
and online assessment ($35); and (5) a two-month follow-up telephone- 
delivered TLFB and online assessment ($40). See Fig. 2. Participants 
received a $25 bonus for at least 90% completion of all surveys (total 
possible: $202). Remuneration was delivered via electronic gift cards (e. 
g., Amazon). 

2.4. Measures 

2.4.1. Baseline, post-intervention, and two-month follow-up assessments 
At baseline, participants completed a brief demographics question-

naire (e.g., age, sex, gender identity, race) (Tsogia et al., 2001). In 
addition, participants completed a Rural Identity Scale (15 items) (Oser 
et al., 2022) to understand unique experiences of rural living (e.g., rural 
life experiences, historical ties to community). Response options ranged 
from none of the time (1) to all of the time (4) with higher scores 
indicating greater rural identity. 

2.4.1.1. Alcohol-related measures. The AUDIT (10-item) was modified to 
measure past 30-day alcohol use severity (Babor et al., n.d.; Saunders 

et al., 1993). Total scores ranged from 0 to 40, where scores from 0 to 7 
indicate abstinence or low-risk drinking, 8–15 indicate moderate 
alcohol use considered greater than “low risk,” 16–19 indicate harmful 
and potentially hazardous alcohol use, and 20–40 indicate potential 
alcohol use disorder. 

30-day TLFB interviews (Sobell et al., 1996; Sobell and Sobell, 1992) 
assessing alcohol use quantity and frequency were conducted at base-
line, post-intervention, and two-month follow-up. Proportion of days of 
alcohol use and average number of drinks per week were computed. 

The Modified Short Inventory of Problems - Revised (17-item) (Kiluk 
et al., 2013) assessed perceived consequences of alcohol use over the 
past two weeks. Response options ranged from not at all (0) to very 
much (3) and were summed. Higher scores indicated greater 
consequences. 

2.4.1.2. Behavioral economic indices. The Modified Activity Level Ques-
tionnaire assessed engagement in, and enjoyment of, alcohol-free activ-
ities and activities while consuming or under the influence of alcohol 
over the past 30 days (Carvalho et al., 2011; Murphy et al., 2019). 
Response options ranged from zero times (0) to more than once a day (4) 
for engagement and from unpleasant or neutral (0) to extremely 
pleasant (4) for enjoyment of activities. 

The Alcohol Purchase Task assessed alcohol demand (Amlung et al., 
2012). Participants indicated how many standard alcoholic drinks they 
would purchase and consume in a single day at varied prices (range: 
$0-$160). 

Delay discounting was measured using an adjusting amount procedure 
where participants chose between smaller immediate and larger delayed 
rewards of $1,000 at a variety of delays (one day, one week, one month, 
three months, one year, five years, 25 years) (McKerchar and Renda, 
2012). See Supplemental Materials for details on behavioral economic 
indices. 

Wave 1 (n=6)

Wave 2 (n=9)

Randomized Controlled Factorial Trial

Research Components

Research Components

Intervention Components

Intervention Components

Ecological Momentary Intervention (EMI) Message 
Development Improvements: improvements to semi-
structed intervention manual to provide example 
messages to ensure fit with target population & to 
provide number of messages to show progress, & 
adding additional questions to prompt EMI message 
details

Enhanced Usual Care: increased detailed review of 
resource brochure in the induction session for enhanced 
usual care condition

Reducing Participant Burden: mailed or emailed 
survey questions so that participants can read & follow 
along with phone-delivered surveys following 
participant feedback

Enhancing Study Clarity: improved session reminder 
texts, & addition of clarifying options & transition 
statements to enhance survey flow

EMI Message Development Improvements: 
enhancing participant engagement in EMI message 
creation by varying the number of specificity questions 
asked by the research assistant to increase flexibility & 
improve flow of  conversation

Enhanced Intervention Clarity: added headers to 
EMI messages to distinguish them from other text-
messages as recommended by participant feedback

Reducing Participant Burden: introduction of online 
surveys and forms, allowing participants to forego the 
long duration of phone calls, & reduction of days on 
alcohol timeline follow back

Enhancing Study Clarity: added survey progress bars 
to help with participant orientation during the research 
assessments

Fig. 1. Participatory-based refinements to intervention and research components.   
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2.4.2. EMAs 
Daily EMAs included standard drinks consumed the prior day and a 

brief behavioral economic measure, randomized to promote novelty and 
minimize assessment burden, with .33 probability of: (1) a six-item 
delay discounting task (Koffarnus and Bickel, 2014), (2) a three-item 
alcohol demand assessment (Owens et al., 2015), or (3) a four-item 
assessment of time spent/enjoyment from alcohol-free activities and 
alcohol-using activities the previous day (Coughlin et al., 2023). 

2.4.3. Acceptability and feasibility measures 
Acceptability (percent of item responses with positive rating) and 

feasibility (percent of participants who completed the telephone- 
delivered session and percent who elected to receive text messages) 
were the prespecified registered primary outcomes. Following two-week 
EMI period completion (mean (M)=3.56, standard deviation (SD)=3.16 
days), participants completed the acceptability survey including: inter-
vention satisfaction, perceived effectiveness, and adequacy of compen-
sation and privacy protection. Response options regarding intervention 
satisfaction (i.e., helpfulness of intervention induction session and daily 
personalized EMIs) and perceived effectiveness (i.e., reduction of 
drinking, influence on future drinking) ranged from not at all (1) to 
extremely (5) with higher scores indicating greater acceptability and 
perceived effectiveness. We dichotomized response scales such that the 
top four scores indicated acceptability and effectiveness (i.e., a little, 
somewhat, very much, or extremely). Acceptability of compensation 
and privacy responses ranged from not at all adequate/protected (0) to 
extremely adequate/protected (10), with scores of 5 or higher indicating 
adequate compensation and privacy protection. 

In addition, participants were invited to complete an audio-recorded 
feedback interview during the post-intervention session. The purpose of 
the feedback interview was to provide a nuanced understanding of 
participants’ perceived strengths and areas for improvement of the 
intervention and trial procedures. The interview included open-ended 
questions, such as, “What suggestions do you have to improve the 
study or to make participation more enjoyable for future participants?” 

2.5. Randomization procedure 

As done previously (Koffarnus et al., 2018, 2021), participants were 
randomly assigned to one of four conditions: (1) EFT (n=17); (2) VC 
(n=21); (3) EFT/VC (n=19); or (4) EUC (n=18), with an even allocation 
ratio between groups. The randomization procedure used a computer-
ized algorithm that biased condition assignment to balance the groups 
based on AUDIT-C score, biological sex, and age. 

2.6. Behavioral economic intervention components 

2.6.1. Telephone-delivered intervention induction session 
Active participants completed a telephone-delivered intervention 

induction session (M=48, SD=16 minutes) with a trained research staff 
member supervised by a licensed PhD-level practitioner. Sessions were 
recorded and a fidelity checklist (e.g., number of cues and prompts, 
nonjudgmental communication) was completed by another trained staff 
member. For the active conditions (EFT, VC, and EFT/VC), this session 
focused on developing personalized cues, which were short EFT or VC 
intervention statements in the words of the participant, for later delivery 
via EMI. Participants were requested to write each cue on study- 
provided adhesive notepads to place in participant-identified locations 
(e.g., bathroom mirror, planner, refrigerator) that they would see during 
daily life. 

2.6.1.1. EFT condition. In the EFT condition, participants identified 
future events at six time points (one, two, three, and six months, one 
year, and five years). Via phone call, participants were instructed that 
chosen events should be something they are looking forward to or a 
positive experience and that no events should include drinking alcohol 
or other substance use. For each time point, participants identified one 
event. Participants were encouraged to close their eyes to visualize the 
event with queries to elicit details (e.g., What do your surroundings look 
like?). Participants summarized each event into a brief statement/cue 
that was used for the EMIs (e.g., “In two months from now, I’ll be pre-
paring for gardening, buying seeds, and making plans for the summer 
growing season”). 

2.6.1.2. VC condition. Participants in the VC condition were guided 
through creating six “if-then” plans/cues as alternatives to drinking, 
such as “If [I had] a hard day at work, then I will go out to my workshop 
and work on cars because it is a total mental reset.” Participants were 
prompted to identify common triggers for alcohol use in their day-to-day 
life, and then to identify alternative activities. Similar to EFT, partici-
pants were queried to elicit details (e.g., What can you do to give 
yourself the best shot at trying [the alternative behavior]?). 

2.6.1.3. EFT/VC condition. Participants in the combined EFT and VC 
condition constructed 12 statements in total (six EFT, six VC), with 
identical procedures to those reported in 2.6.1.1 and 2.6.1.2. 

2.6.1.4. EUC control condition. For the EUC condition, the telephone- 
delivered session consisted of an in-depth review of a resource 
brochure mailed to all participants (M=6, SD=1.5 minutes). The 
brochure included content on mental health, alcohol and other sub-
stance use, housing and hunger support, etc. 

Fig. 2. Overview of study procedures.   
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2.6.2. EMI period 
Directly following the telephone-delivered session, participants in 

active conditions began the two-week EMI period, during which they 
received their personalized EMI text messages twice daily. EMI text 
messages contained the personalized cues developed in the induction 
session, stating: “Remember: [personalized cue].” EMI order was 
randomly assigned, without repetition within the same day to minimize 

redundancies. 

2.7. Analytic strategy 

The primary outcomes of this pilot study are acceptability and 
feasibility of the intervention. We summarized participant characteris-
tics descriptively, including demographics, rurality, clinical features, 

Fig. 3. Consort diagram.   
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and acceptability measures. Feasibility of the intervention was evalu-
ated by percent intervention induction session completion, percent 
electing to receive text messages, and percent EMA completion. As an 
exploratory outcome, we assessed baseline to post-intervention, and 
baseline to two-month follow-up change (M, SD) in alcohol-related 
outcomes (e.g., AUDIT, average weekly drinks). With regard to behav-
ioral economic indices, we assessed the association with alcohol-related 
outcomes via Pearson Fisher’s Z correlations. 

We used rapid qualitative analysis (Gale et al., 2019; Hamilton and 
Finley, 2019; Nevedal et al., 2021) to identify key themes from feedback 
interviews. Following each interview, the interviewer listened to the 
recording and completed a structured summary to capture 
participant-identified strengths, suggestions for improvement, and 
illustrative quotes. After all interviews were completed, five interviews 
from each of the four conditions were selected at random to undergo 
rapid qualitative analysis, as sample sizes of approximately twenty are 
recommended for assessing usability with high accuracy (Faulkner, 
2003). The information and key quotes from summaries were coded into 
a matrix based on domains defined to reflect the interview questions, 
such as strengths, opportunities for improvement, and perspectives on 
remote delivery. Repeating key themes and exemplar quotes were 
extracted. 

3. Results 

3.1. Sample characteristics 

In total, 340 people screened, with 39.7% eligible. Among those 
eligible, 66.7% consented and 83.3% of those consenting completed the 
baseline assessment and were randomized. Nearly all (97.3%) partici-
pants completed the post-intervention acceptability survey, feedback 
interview, TLFB, and online assessment, and 93.3% completed the two- 
month follow-up (Fig. 3). 

Of those enrolled, 62.7% identified as female sex; mean age was 55.2 
years (SD=15.9). The mean AUDIT-C score was 5.0 (SD=2.3; Table 1). 

3.2. Feasibility and acceptability of intervention and trial 

Intervention feasibility, pre-specified as percent of randomized par-
ticipants who completed the telephone-based session, was 100%. All 
participants in active conditions elected to receive EMIs. Participants 
had high EMA completion: 92.0% in EFT, 88.4% in VC, 98.1% in com-
bined EFT/VC, and 93.3% in EUC. 

With regard to acceptability, 98.6% of participants reported enjoying 
participating in the trial, and 86.3.% said they would recommend the 
study (Table 2 for by condition acceptability ratings). In active condi-
tions, most found the telephone-delivered induction session to be at least 
a little helpful, most found the EMI text messages to be helpful, and most 
reported that the study influenced their future drinking behaviors. 
Nearly all participants reported adequate compensation and adequate 
privacy during the study (Table 2). 

3.3. Alcohol-related outcomes and behavioral economic correlates 

Descriptively, at post-intervention, VC consistently showed re-
ductions across measures of alcohol use severity, frequency, quantity, 
and consequences; whereas the other conditions showed more variable 
descriptive changes from baseline. At follow-up, AUDIT scores 
decreased across all active conditions. There was no change in AUDIT 
scores in EUC. Frequency of alcohol use decreased across all conditions 
at two-month follow-up. Quantity of alcohol use decreased across all 
active conditions, and slightly increased in EUC. Alcohol use conse-
quences decreased across all active conditions, and increased in EUC 
(Table 3). 

Factor analysis of the alcohol purchase task resulted in two factors 
representing alcohol demand amplitude and persistence (see 

Table 1 
Demographics of the study sample by randomization group and overall.   

Overall Condition  

EFT VC EFT/VC EUC 

N (%) 75 
(100%)* 

17 
(23%) 

21 
(28%) 

19 
(25%) 

18 
(24%) 

Demographics      
Age (M, SD) 55.2 

(15.9) 
54.0 

(19.8) 
54.7 

(13.4) 
58.0 

(14.8) 
53.9 

(16.5) 
Sex      

Male 28 (37%) 7 (41%) 8 (38%) 7 (37%) 6 (33%) 
Female 47 (63%) 10 

(59%) 
13 

(62%) 
12 

(63%) 
12 

(67%) 
Gender Identity      

Male 28 (37%) 7 (41%) 8 (38%) 7 (37%) 6 (33%) 
Female 45 (60%) 10 

(59%) 
12 

(57%) 
12 

(63%) 
11 

(61%) 
Another Gender 
Identity** 

2 (3%) 0 (0%) 1 (5%) 0 (0%) 1 (6%) 

Hispanic/Latinx      
Yes 5 (7%) 1 (6%) 0 (%) 1 (5%) 3 (17%) 
No 70 (93%) 16 

(94%) 
21 

(100%) 
18 

(95%) 
15 

(83%) 
Race/Ethnicity      

American 
Indian/Alaskan 
Native 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Asian 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
Native Hawaiian 
or other Pacific 
Islander 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Black/African 
American 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

White 74 (99%) 17 
(100%) 

21 
(100%) 

19 
(100%) 

17 
(94%) 

More than one 
race 

1 (1%) 0 (0%) 0 (0%) 0 (0%) 1 (6%) 

Don’t know/ 
Refuse 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Income      
Under $15,000 8 (11%) 2 (12%) 3 (14%) 2 (10%) 1 (5%) 
$15,000- 
$24,999 

7 (9%) 2 (12%) 0 (0%) 1 (5%) 4 (22%) 

$25,000- 
$34,999 

7 (9%) 0 (0%) 5 (24%) 1 (5%) 1 (5%) 

$35,000- 
$49,999 

11 (15%) 1 (8%) 2 (15%) 5 (33%) 3 (25%) 

$50,000- 
$74,999 

16 (22%) 4 (33%) 5 (38%) 5 (33%) 2 (17%) 

$75,000- 
$99,999 

6 (8%) 2 (17%) 1 (8%) 1 (7%) 2 (17%) 

$100,000 and 
over 

19 (26%) 5 (42%) 5 (38%) 4 (27%) 5 (42%) 

Rurality      
Rural Identity 

Scale 
28.8 (6.3) 30.0 

(5.4) 
28.4 
(5.3) 

27.4 
(5.7) 

29.7 
(8.6) 

RUCA Rural 
Designated 
Areas      
Large rural cities 
and towns 

46 
(61.3%) 

6 
(35.3%) 

15 
(71.4%) 

11 
(57.9%) 

14 
(77.8%) 

Small rural 
towns 

22 
(29.3%) 

9 
(52.9%) 

5 
(23.8%) 

7 
(36.8%) 

1 (5.6%) 

Isolated small 
rural towns 

4 (5.3%) 2 
(11.8%) 

1 (4.8%) 0 (0%) 1 (5.6%) 

CMS Rural Health 
Designated 
Areas 

3 (4.0%) 0 (0%) 0 (0%) 1 (5.3%) 2 
(11.1%) 

Substance Use & 
Mental Health      

Alcohol Use 
Severity 
(AUDIT) (M, SD) 

7.9 (6.8) 7.2 (5.7) 7.5 (6.8) 8.4 (8.0) 8.6 (6.8) 

Alcohol Use 
Consumption 
(AUDIT-C) (M, 
SD) 

5.0 (2.3) 4.7 (1.6) 4.9 (2.2) 5.2 (2.7) 5.1 (2.5) 

(continued on next page) 
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Supplemental Materials). Across all conditions, demand amplitude, but 
not persistence, showed medium to large positive correlation with 
alcohol use quantity, severity, and consequences; but only small corre-
lations with frequency, at all time points (baseline, post-intervention, 
follow-up). Proportionate alcohol-free reinforcement showed medium 
to large negative correlations with alcohol use quantity, severity, con-
sequences, and frequency across time points (Table 4). 

3.4. Feedback interview 

Participants in active conditions liked that the intervention was 
person-centered, easy to engage in, and increased their awareness of 
drinking behaviors (Table 5 for illustrative quotes). Some noted that 
receiving the intervention remotely reduced barriers related to in-person 
healthcare in rural areas. 

Participants in active conditions suggested improvements regarding 
increased flexibility of personalized cue development, such as providing 
prompts ahead of the session to allow more time for preparation. Others 
noted that individual characteristics (e.g., older age, caretaker status) 
made the induction session more challenging. Participants also had 
suggestions regarding the timing of EMIs (e.g., receiving texts in the 
evenings, randomizing the time of the second EMI to promote novelty) 
and ideas for additional services that would be of benefit, including 
those focusing on mental health, additional health behaviors (e.g., food, 
diet, exercise, sleep), and a greater focus on other substance use (e.g., 
cannabis). Participants expressed an interest in additional information 
about alcohol use motives and risks associated with alcohol use. With 
regard to research components, participants suggested increasing the 
novelty of EMAs (i.e., more than three behavioral economic measures to 
reduce repetitiveness). 

Table 1 (continued )  

Overall Condition  

EFT VC EFT/VC EUC 

Depression (PHQ- 
2) (M, SD) 

1.2 (1.6) 1.1 (1.9) 1.0 (1.0) 1.6 (2.1) 0.9 (1.4) 

Anxiety (GAD-2) 
(M, SD) 

1.5 (1.7) 1.4 (1.5) 1.6 (1.8) 1.8 (2.2) 1.2 (1.1) 

Past-Year 
Substance Use 
(DUQ) 

48 
(64.9%) 

13 
(81.2%) 

16 
(76.2%) 

11 
(57.9%) 

8 
(44.4%) 

Baseline 
Behavioral 
Economic 
Indices      

Behavioral 
Economic 
Alcohol Demand      
Amplitude >0.0001 

(1.0) 
0.099 

(0.935) 
-0.159 
(0.912) 

0.034 
(1.042) 

0.066 
(1.219) 

Persistence >0.0001 
(1.0) 

-0.082 
(1.190) 

-0.007 
(1.118) 

0.005 
(0.825) 

0.104 
(0.873) 

Delay Discounting      
ln(k) -7.294 

(1.818) 
-7.492 
(1.291) 

-7.386 
(2.171) 

-6.886 
(1.184) 

-7.415 
(2.447) 

Relative 
Reinforcement      
Proportion 
Substance Free 
Reinforcement 

72.4% 
(21.6%) 

70.2% 
(16.5%) 

76.7% 
(23.1%) 

72.7% 
(19.9%) 

68.8% 
(25.9%) 

Proportion 
Substance 
Involved 
Reinforcement 

27.6% 
(21.6%) 

29.8% 
(16.5%) 

23.3% 
(23.1%) 

27.3% 
(19.9%) 

31.2% 
(25.9%) 

*n=1 enrollee provided no baseline data beyond age, sex, gender identity, race, 
and rurality. 
**This category includes gender identities such as transgender, genderqueer, 
non-binary, etc. 

Table 2 
Acceptability of intervention and trial procedures.   

Overall Condition  

EFT VC EFT/VC EUC 

Intervention 
Satisfaction 

% or M 
(SD)     

Enjoyed 
participating 
(scale 0–5)      
Extremely 12 

(16.4%) 
2 

(11.8%) 
3 

(15.8%) 
4 

(21.0%) 
3 

(16.7%) 
Very Much 33 

(45.2%) 
11 

(64.7%) 
10 

(52.6%) 
6 

(31.6%) 
6 

(33.3%) 
Somewhat 24 

(32.9%) 
3 

(17.6%) 
5 

(26.3%) 
8 

(42.1%) 
8 

(44.4%) 
A Little 3 

(4.1%) 
1 (5.9%) 1 (5.3%) 1 (5.3%) 0 (0.0%) 

Not at all 1 
(1.4%) 

0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.6%) 

Likelihood of 
recommending 
to someone else 
(scale 0–10, % 
who said 5 or 
above) 

63 
(86.3%) 

16 
(94.1%) 

17 
(89.5%) 

17 
(89.5%) 

13 
(72.2%) 

Likelihood of 
recommending 
to someone else 
(scale 0–10) 

7.3 
(2.7) 

7.9 (2.4) 6.9 (2.5) 7.7 (2.1) 6.7 (3.7) 

Ease of responding 
to daily text 
messages 
(Pretty Easy to 
Very Easy) 

71 
(97.3%) 

15 
(88.2%) 

15 
(88.2%) 

15 
(88.2%) 

15 
(88.2%) 

Perceived 
Effectiveness 
of Intervention 
(scale 0–5)      

Helpfulness of 
Intervention 
Induction 
Session*      
Extremely 3 

(5.4%) 
0 (0%) 0 (0%) 3 

(15.8%)  
Very Much 10 

(18.2%) 
4 

(23.5%) 
5 

(26.3%) 
1 (5.3%)  

Somewhat 25 
(45.4%) 

8 
(47.1%) 

8 
(42.1%) 

9 
(47.4%)  

A Little 11 
(20.0%) 

3 
(17.6%) 

4 
(21.0%) 

4 
(21.0%)  

Not at all 6 
(10.9%) 

2 
(11.8%) 

2 
(10.5%) 

2 
(10.5%)  

Helpfulness of 
EMIs*      
Extremely 4 

(7.3%) 
1 (5.9%) 0 (0.0%) 3 

(15.8%)  
Very Much 17 

(30.9%) 
7 

(41.2%) 
6 

(31.6%) 
4 

(21.0%)  
Somewhat 20 

(36.4%) 
7 

(41.2%) 
6 

(31.6%) 
7 

(36.8%)  
A Little 8 

(14.5%) 
1 (5.9%) 5 

(26.3%) 
2 

(10.5%)  
Not at all 6 

(10.9%) 
1 (5.9%) 2 

(10.5%) 
3 

(15.8%)  
Influenced future 

drinking 
behaviors      

Extremely 1 
(1.4%) 

0 (0%) 0 (0%) 0 (0%) 1 (5.6%) 

Very Much 15 
(20.5%) 

5 
(29.4%) 

5 
(26.3%) 

4 
(21.0%) 

1 (5.6%) 

Somewhat 18 
(24.7%) 

4 
(23.5%) 

6 
(31.6%) 

7 
(36.8%) 

1 (5.6%) 

A Little 17 
(23.3%) 

3 
(17.6%) 

5 
(26.3%) 

5 
(26.3%) 

4 
(22.2%) 

Not at all 22 
(30.1%) 

5 
(29.4%) 

3 
(15.8%) 

3 
(15.8%) 

11 
(61.1%) 

(continued on next page) 
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4. Discussion 

This pilot trial tested the feasibility and acceptability of a novel, 
multicomponent behavioral economic intervention for rural-dwelling 
adults with at-risk alcohol use. The ultimate goal is to develop and 
evaluate an effective, scalable, and appealing intervention for this 
population. In this preliminary work, participants were satisfied with 
the intervention’s ease of engagement and person-centeredness. Many 
participants provided feedback that their participation increased their 
awareness of their alcohol consumption. Additionally, the vast majority 
of participants reported that they enjoyed participating; and most found 
the telephone-delivered session and EMIs (for those in active conditions) 
helpful. The study procedures were feasible, with >90% completion rate 
across assessments (e.g., EMAs, post-intervention, follow-up). 

We also note a few key strengths. First, primary care patients residing 
in rural areas were identified based on their EHR, contacted, enrolled, 
and participated entirely remotely. This method for engaging people 
with at-risk alcohol use is scalable and may serve as a model for care 
outreach to better meet the needs of people with at-risk alcohol use. 
Second, participants reported liking the low-burden nature of the 
intervention, with a single telephone-based intervention induction ses-
sion followed by text message-based EMIs. This combination of talking 

with a staff member, followed by digital intervention delivery of 
personalized cues, may strike a balance between expensive person-based 
services and more scalable digital interventions. In particular, the in-
clusion of non-clinician interviewers demonstrates the potential for 
using peer recovery specialists or other staff, potentially para-
professionals or bachelor’s level staff, in the delivery of these in-
terventions, increasing potential for scalability. Third, intervention 
development was guided by the MOST framework, using two theory- 
driven behavioral economic intervention components, and refined 
with individuals from the population. This provides a rigorous model for 
developing interventions with high probability of meeting the lofty goal 
of being effective, appealing to the target population, and adequately 
scalable to have an impactful reach. 

No definitive conclusions can be drawn from behavioral outcomes 
since pilot studies are not powered to test efficacy (Kraemer et al., 2006; 
Leon et al., 2011) and are most helpful in informing procedures for 
future work. Thus, statistical testing is not appropriate. Nonetheless, 
these pilot findings are promising with regard to potential reductions in 
alcohol use, with all active conditions showing reduction in alcohol use 
severity, frequency, quantity, and consequences at follow-up; whereas, 
EUC showed increases in alcohol use quantity and consequences, no 
change in severity, and minimal decreases in frequency at follow-up 
(Table 3). Notably, the outcomes in the combined EFT/VC condition 
were comparable to the EFT and VC alone conditions. One possible 
explanation for this is that the combined condition included the same 
dose of EMIs such that across all active conditions, each participant 
received two EMIs per day for a total of 28 EMIs throughout the inter-
vention period. It may be the case that by increasing the number of EMIs, 
we would see increased effects in the combined EFT/VC condition. 
Interestingly, the improvements across alcohol use measures in the VC 
condition appear more pronounced post-intervention, but the EFT 
condition shows the greatest reductions in alcohol use severity, quan-
tity, and consequences at follow-up. Although preliminary and not 
evaluated statistically, the case may be that the VC condition, which 
focuses more on immediate behavior change, results in more near-term 
alcohol use reduction; whereas the EFT condition, which focuses on 
envisioning future alcohol-free events and goals, is more effective at 
changing long-term alcohol use. However, replication is required in a 
fully-powered trial with longer follow-up periods given the pilot nature 
of this study. 

As an exploratory outcome, we looked at the association between 
behavioral economic indices (alcohol demand, proportionate alcohol- 

Table 2 (continued )  

Overall Condition  

EFT VC EFT/VC EUC 

Compensation & 
Privacy 
Acceptability 
(scale 0–10) 

n (%)     

Adequacy of 
compensation 
(rated 5 or 
higher) 

71 
(98.6%) 

16 
(100.0%) 

19 
(100.0%) 

19 
(100.0%) 

17 
(94.4%) 

Usefulness of 
compensation 
(rated 5 or 
higher) 

72 
(100%) 

17 
(100.0%) 

19 
(100.0%) 

18 
(94.7%) 

18 
(100.0%) 

Adequacy of 
privacy 
protection 
(rated 5 or 
higher) 

71 
(97.3%) 

17 
(100.0%) 

19 
(100.0%) 

18 
(94.7%) 

17 
(94.4%) 

*These items were only asked to participants in active conditions. 

Table 3 
Preliminary intervention outcomes.   

Baseline 
(N ¼ 74) 
M (SD) 

Post-Intervention 
(N ¼ 73) 
M (SD) 

% Change 
Baseline to Post-Intervention 

2-Month Follow-up 
(N ¼ 70) 
M (SD) 

% Change 
Baseline to 

2-Month 

Alcohol Use Severity (AUDIT)      
EFT 7.2 (5.7) 6.5 (4.8) -9.7% 4.5 (2.5) -37.5% 
VC 7.5 (6.8) 6.2 (5.8) -17.3% 5.9 (5.8) -21.3% 
EFT/VC 8.4 (8.0) 7.1 (8.2) -15.5% 6.4 (7.7) -23.8% 
EUC 8.6 (6.8) 7.3 (5.6) -15.1% 8.6 (8.9) 0.0% 

Frequency (Proportion of Days of Alcohol Use)      
EFT 0.49 (0.28) 0.49 (0.30) 0.0% 0.38 (0.29) -22.4% 
VC 0.53 (0.34) 0.50 (0.33) -5.7% 0.39 (0.28) -26.4% 
EFT/VC 0.47 (0.32) 0.43 (0.34) -8.5% 0.40 (0.34) -14.9% 
EUC 0.56 (0.36) 0.52 (0.41) -7.1% 0.55 (0.39) -1.8% 

Quantity (Avg # of Weekly Drinks Consumed)      
EFT 10.3 (10.5) 9.7 (10.2) -5.8% 6.1 (4.8) -40.8% 
VC 12.4 (13.2) 8.8 (7.5) -29.0% 8.0 (11.1) -35.5% 
EFT/VC 14.8 (24.1) 13.2 (24.1) -10.8% 13.2 (24.3) -10.8% 
EUC 14.0 (13.4) 11.6 (11.0) -17.1% 14.9 (17.2) 6.4% 

Consequences (SIP-R Total Score)      
EFT 4.9 (8.9) 5.2 (7.0) 6.1% 2.4 (2.8) -51.0% 
VC 5.5 (8.6) 3.9 (6.0) -29.1% 4.0 (7.5) -27.3% 
EFT/VC 5.4 (8.5) 5.8 (9.4) 9.3% 4.9 (10.3) -9.3% 
EUC 4.6 (8.4) 4.4 (6.0) -4.3% 5.9 (10.1) 28.3%  
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free reinforcement, delay discounting) (Bickel et al., 2014; Coughlin 
et al., 2021) with alcohol-related outcomes over time. We saw that 
behavioral economic demand amplitude and proportionate alcohol-free 
activities showed consistent associations across most alcohol outcomes. 
In particular, the proportion of alcohol-free activities showed promise as 
a candidate predictor of alcohol-related outcomes, especially as it relates 
to increased improvement in clinical outcomes. Notably, increasing 
alcohol-free reinforcement is a primary goal of other efficacious treat-
ments such as the Community Reinforcement Approach (Miller et al., 
1999). 

This work should be considered in light of limitations. This is a pilot 
study focused on evaluating the acceptability and feasibility of the 
intervention and research design. Consistent with recommendations for 
pilot studies (Leon et al., 2011), caution should be used in the inter-
pretation of clinical outcomes and candidate behavioral economic 
mechanisms. Second, the sample was predominantly white, consistent 
with population in rural Michigan (Citizens Research Council of Mich-
igan, 2018), but limiting generalizability of the sample. Further, the 
representativeness of the sample and generalizability are limited due to 
the small sample in this pilot study. Finally, the study used retrospective 
self-report of alcohol use. However, we used the TLFB which is a valid 
measure (Simons et al., 2015). 

Nonetheless, these novel intervention components offer promising 
approaches to reduce alcohol use among people living in rural areas, 
with strong grounding in behavioral economics. Future work is needed 
to establish if these interventions alone, or in combination with others, 
promote successful behavior change by continuing to follow the MOST 
guidelines for intervention optimization. 

Table 4 
Select baseline behavioral economic indices correlations with alcohol use 
measures across timepoints.**   

Baseline Post- 
Intervention 

2-Month 
Follow-Up  

r (95% CI) r (95% CI) r (95% CI) 
Demand Amplitude    

Quantity of Alcohol Use 
(Average Weekly Drinks) 

0.54 (0.35, 
0.70) 

0.46 (0.23, 
0.64) 

0.48 (0.26, 
0.65) 

Alcohol Use Severity 
(AUDIT) 

0.63 (0.46, 
0.76) 

0.59 (0.39, 
0.73) 

0.53 (0.32, 
0.69) 

Alcohol Related 
Consequences (SIP-R) 

0.51 (0.30, 
0.67) 

0.48 (0.26, 
0.66) 

0.46 (0.24, 
0.64) 

Alcohol Use Frequency 
(proportion of days alcohol 
use) 

0.03 (-0.21, 
0.27) 

0.09 (-0.17, 
0.33) 

0.13 (− 0.13, 
0.37) 

Demand Persistence    
Quantity of Alcohol Use 
(Average Weekly Drinks) 

-0.02 (-0.26, 
0.22) 

-0.07 (-0.32, 
0.19) 

0.04 (-0.21, 
0.29) 

Alcohol Use Severity 
(AUDIT) 

-0.01 (-0.25, 
0.23) 

-0.13 (-0.38, 
0.13) 

0.01 (-0.24, 
0.27) 

Alcohol Related 
Consequences (SIP-R) 

-0.07 (-0.31, 
0.17) 

-0.14 (-0.38, 
0.12) 

0.05 (-0.20, 
0.30) 

Alcohol Use Frequency 
(proportion of days alcohol 
use) 

0.10 (-0.15, 
0.33) 

-0.02 (-0.28, 
0.23) 

0.15 (-0.11, 
0.38) 

Proportion Alcohol-Free 
Reinforcement    
Quantity of Alcohol Use 
(Average Weekly Drinks) 

-0.32 (-0.51, 
¡0.09) 

-0.35 (-0.54, 
¡0.13) 

-0.43 
(¡0.61, 
¡0.22) 

Alcohol Use Severity 
(AUDIT) 

-0.35 (-0.54, 
¡0.13) 

-0.50 (-0.65, 
¡0.30) 

-0.52 (-0.67, 
¡0.32) 

Alcohol Related 
Consequences (SIP-R) 

-0.31 (-0.51, 
¡0.09) 

-0.43 (-0.60, 
¡0.22) 

-0.39 (-0.57, 
¡0.17) 

Alcohol Use Frequency 
(proportion of days alcohol 
use) 

-0.41 (-0.59, 
¡0.20) 

-0.34 (-0.53, 
¡0.12) 

-0.57 (-0.71, 
¡0.38) 

Delay Discounting (ln k)    
Quantity of Alcohol Use 
(Average Weekly Drinks) 

0.09 (-0.16, 
0.34) 

0.24 (-0.001, 
0.46) 

0.03 (-0.22, 
0.28) 

Alcohol Use Severity 
(AUDIT) 

0.18 (-0.08, 
0.42) 

0.22 (-0.03, 
0.44) 

-0.04 (-0.29, 
0.21) 

Alcohol Related 
Consequences (SIP-R) 

0.15 (-0.11, 
0.39) 

0.24 (-0.001, 
0.46) 

-0.08 (-0.32, 
0.18) 

Alcohol Use Frequency 
(proportion of days alcohol 
use) 

-0.005 (0.26, 
0.25) 

0.06 (-0.19, 
0.30) 

-0.01 (-0.26, 
0.24) 

* Across all conditions. 
** Correlations in BOLD were significant at 0.01 or less. 

Table 5 
Key themes from feedback interviews with participants receiving active inter-
vention conditions.  

Themes Exemplar Quotes Condition 

Intervention Strengths 
Ease of Engagement "It didn’t interfere with my daily work or 

anything like that, it was pretty painless." 
VC 

“It wasn’t intrusive, so it really didn’t bother 
me that much. I didn’t feel like I was being 
pressured or anything." 

EFT 

Increased Awareness of 
Drinking 

“I enjoyed recognizing my drinking habits 
and talking about them because I think that a 
lot of times, I can make healthier choices in 
certain situations or limit the amount of 
intake that I do, and this has made me more 
cognizant of that, so that was my favorite 
thing about the study.” 

EFT/VC 

“One of the features was just being aware of 
how much you drink and what it relates to 
and so that’s good, just awareness and 
acknowledgement of drinking and when you 
do it." 

EFT 

Person Centered 
Intervention 

“I liked my input. That it was an interactive 
where there was guidance, but it was also 
very personalized based on my habits and the 
things that I do.” 

VC 

“They were my own suggestions, and they 
just were reminding me of what I said might 
be a good idea as far as finding alternatives to 
alcohol use which is always a good thing to be 
reminded of.” 

EFT/VC 

"Looking into the future was helpful too, 
thinking about how your alcohol use today is 
going to affect you in the future.” 

EFT 

Remote Intervention for 
Rural Populations 

“The remote option would be very useful to 
those in the rural community.” 

VC 

“I think that you let the user choose the 
medium, whether it was telephone or text or 
email, so that was very convenient and that 
was most helpful.” 

VC 

Intervention Improvements 
Increase Flexibility in 

EMI development  
Prior Time to Consider 

Prompts 
"I don’t know if it’s possible to send an email 
or a form that could be done at your leisure 
with more time to think about it- I think that 
would be more effective in getting scenarios 
that feel more authentic.” 

EFT/VC 

Consideration of Age & 
Lifestyle 

“I guess not go 5 years in the future, for me at 
least in my age, but other than that it was 
fine, it was good.” 

EFT 

"For me, being 77 and kind of isolated where I 
am, not around family, friends, parties, it is 
much different than somebody who’s maybe 
32 that works every day and has friends and 
has parties and goes out after work. I know 
I’m much different now than I was at that 
age." 

EFT/VC 

EMI Timing “I think getting the text messages later in the 
day because I don’t start drinking until later 
in the day." 

EFT/VC 

"I do think that maybe randomizing 
communication times would probably be 
helpful so that way you’re not expecting it at 
a certain time so it kind of catches you off 
guard sometimes, I think that’s actually a 
good thing.” 

EFT  
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