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Abstract

Objective.—Behavioral economic research suggests that increasing the salience of a delayed 

reward may improve capacity for delaying gratification and increase behavior allocated towards 

obtaining larger, delayed substance-free reward rather than smaller, more immediate reward such 

as alcohol use. This study aimed to improve the efficacy of outpatient alcohol use disorder (AUD) 

treatment by adding elements that target behavioral economic mechanisms of change.

Method.—Forty-one (N = 41) adults in outpatient AUD treatment were recruited and 37 

participants were retained at follow-up. Following baseline assessment, participants received either 

the Substance Free Activity Session (SFAS), a single-session behavioral economic–informed 

intervention focused on increasing future orientation and engagement in values-based substance-

free activities or a health education control intervention. Participants in both conditions received 

weekly prompts (via text or email) relevant to their respective intervention for four weeks. 

Participants (68.3% male; 70.7% Caucasian, M age = 38.24, SD=12.69) reported an average of 

3.95 (SD=4.72) binge drinking episodes (4/5 drinks per occasion for a woman/man) and 5.05 

(SD=5.32) drinks per drinking day 30-days prior to treatment entry.

Results.—The study provided initial support for the feasibility and acceptability of implementing 

the SFAS within a treatment setting. Participants reported high levels of satisfaction with the SFAS 

(M = 9.08 (SD=.94), on a scale of 1–10). At 3-month follow-up, the SFAS was associated with 
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reductions in the proportion of activity participation and enjoyment (reinforcement) related to 

substance-use relative to substance-free activities and in alcohol demand compared to control.

Conclusion.—These preliminary results provide initial support for targeting behavioral 

economic mechanisms of change in an outpatient AUD treatment with a single-session 

intervention plus remote delivery of booster prompts.

1. Introduction

Alcohol use disorder (AUD) is a significant public health problem affecting an estimated 16 

million people in the United States (Center for Behavioral Health Statistics and Quality, 

2015). AUD is associated with burden both at the societal and individual level, including 

high healthcare costs, crime, lost productivity, and poor physical and mental health 

outcomes (Collins, Lapsley, Lecavalier, & Single, 2000; Rehm et al., 2014). Behavioral 

AUD therapies, such as cognitive behavioral therapy, twelve-step facilitation, or motivation 

enhancement therapy, are widely utilized and generally effective (Magill, Kiluk, McCrady, 

Tonigan, & Longabaugh, 2015; Longabough et al., 2005; Miller & Welbourne, 2002). 

However, AUD treatment is typically associated with relatively small effect sizes and high 

relapse rates (Magill & Ray, 2009; Anton et al., 2006). There is a need to enhance treatment 

and increase effect sizes with novel brief intervention elements that target theory-based 

mechanisms of behavior change.

1.1 Behavioral economic theory of substance abuse

The behavioral economic reinforcer pathology model suggests that individuals with AUD 

overvalue alcohol relative to other reinforcers (Bickel et al., 2018). The primary behavioral 

economic measure of alcohol value is the hypothetical Alcohol Purchase Task (APT), which 

asks participants how many drinks they would purchase and consume across a range of 

prices (Murphy & MacKillop, 2006). Responses on the APT are used to generate alcohol 

demand curve indices of reinforcing efficacy—including maximum alcohol consumption 

(demand intensity), maximum alcohol expenditure (Omax), and alcohol price sensitivity 

(demand elasticity)—that are correlated with alcohol problem severity (Murphy & 

MacKillop, 2006). Demand is also associated with intervention response. Although higher 

pretreatment demand is associated with increased levels of follow-up drinking (MacKillop & 

Murphy, 2007), interventions can reduce demand, and the degree of post-treatment reduction 

predicts lowered drinking at follow-up (Murphy et al., 2015).

Research suggests that environments deprived of substance-free reinforcement are 

associated with high rates of substance use, whereas environments with higher levels of 

alternative rewards are associated with lower use (Volkow & Baler, 2014; Carroll, Anker, & 

Perry, 2009; Higgins, Heil, & Lussier, 2004). Moreover, treatments that enhance the 

availability of substance-free alternative reinforcers are generally effective (Correia et al., 

2005; McKay, 2017), and research with emerging adults suggests that lower levels of 

substance-free reinforcement at baseline predict poor response to brief interventions 

(Murphy, Correia, Colby, & Vuchinich, 2005).
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Individuals who drink heavily may under-engage in constructive alternatives to drinking 

because the benefits of these activities are generally delayed. Delay discounting assesses the 

degree of decrease in subjective value associated with the temporal delay of a reward and is 

an important individual difference risk factor for substance use, as well as a predictor of 

treatment response (Bickel, Johnson, Koffarnus, MacKillop, & Murphy, 2014). Increasing 

the salience of delayed outcomes and the extent to which the behavior leading to those 

rewards or punishers is viewed as part of a coherent pattern can reduce impulsive choices 

(Rung, Peck, Hinnenkamp, Preston, & Madden, 2019). Experimental studies using Episodic 

Future Thinking (EFT), a task that requires participants to vividly imagine positive future 

events, have demonstrated reductions in delay discounting (see Rung & Madden, 2018 for a 

review). Thus, a unique implication of behavioral economic theory is that interventions 

should attempt to aggregate more global day-today decisions and activities (both substance-

related and substance-free) into cohesive patterns that have implications for long-term 

substance-free rewards.

1.2 Brief behavioral economic alcohol interventions

Murphy and colleagues (2012a) developed the substance-free activity session (SFAS), a 

single-session supplement to a standard alcohol brief motivational intervention (BMI) for 

college student heavy drinkers. The SFAS uses principles of motivational interviewing (MI; 

Miller & Rollnick, 2012) and personalized feedback to target behavioral economic 

mechanisms of substance-free reinforcement and delay discounting. The overall goal of the 

SFAS is to enhance the salience and value of delayed academic and career goals, to help 

students to make a connection between their current patterns of behavior and the attainment 

of delayed rewards, and to increase engagement in goal-directed and enjoyable substance-

free activities. Murphy et al. (2012a) found that the alcohol MI + SFAS, relative to alcohol 

MI + relaxation training control condition, was associated with larger reductions in alcohol-

related problems, increased time spent studying in the evenings, and higher scores on a 

measure of future orientation. Findings from a larger multisite follow-up trial (Murphy et al., 

2019) suggest the alcohol MI + SFAS and alcohol MI + relaxation training both 

demonstrated moderate to large effect-size reductions in alcohol use and problems that were 

maintained across a 16-month follow-up relative to an assessment-only condition. 

Furthermore, the proportion of total activity participation and enjoyment related to 

substance-related activities mediated the effect of the intervention on both drinking level and 

alcohol problems.

Murphy et al.’s (2012a, 2019) findings provide support for the utility of enhancing standard 

alcohol treatments with behavioral economic treatment elements. Although many AUD 

behavioral treatment protocols encourage engagement in substance-free activities, most do 

not include systematic efforts to increase patterns of substance-free activity engagement. 

Thus, there is a need for novel brief approaches to incorporate these behavioral economic 

interventions that have the potential to enhance AUD treatments. The SFAS approach can 

extend standard treatment by 1) implementing a more tailored and personalized approach to 

identifying alternative activities that are consistent with personal goals, 2) providing 

personalized feedback that aggregates behaviors into patterns and frames those patterns in 
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terms of their impact on future rewards, and 3) attempting to increase the subjective salience 

and value of future outcomes.

1.3 Current study

The current study assessed the feasibility and preliminary efficacy of an adapted SFAS for 

an adult outpatient AUD treatment population and evaluated the SFAS in a randomized 

controlled pilot trial with a health education (HE) control condition. This adapted SFAS 

aimed to increase the potency of the SFAS (originally developed for non-treatment seeking 

college students; Murphy et al., 2012) by including an EFT task to increase salience of 

delayed outcomes and adding booster contact following the intervention. Patients received 

either the SFAS or HE session to augment their treatment as usual plus four weekly booster 

(via text or email) messages related to the intervention. We hypothesized that the SFAS 

condition would be associated with reductions in proportionate reinforcement from 

substance-related activities, alcohol demand, and delay discounting at 3-month follow-up 

compared to the HE active control condition.

2. Method

2.1 Participants and procedures

Participants were 41 patients in outpatient AUD treatment (intensive outpatient program [n = 

36]), individual counseling (n = 3), or mutual help group (SMART Recovery, n = 2) in the 

mid-South region of the United States. Across treatment programs, although frequency of 

treatment varied, cognitive behavioral strategies were commonly used as an approach to 

AUD treatment. The sample was 68.3% male, 70.7% non-Hispanic white, and the mean age 

was 38.24 (SD = 12.69) years. See Figure 1 for CONSORT diagram and Table 1 for 

descriptive statistics. Study eligibility included a diagnosis of AUD, current engagement in 

alcohol treatment, and 18 years of age or older. Eligible participants provided informed 

consent, completed a battery of self-report and clinical interview assessments, and were 

randomized into one of two study conditions. Randomization utilized a block design that 

stratified by gender and treatment site.

After completion of baseline assessment and randomization, participants returned within one 

week for either the 60-minute SFAS or the HE control session. Immediately following the 

in-person intervention session, participants evaluated the session in a secure web-based 

survey. Over the 4 weeks following the intervention, participants received a brief weekly 

booster message that augmented their SFAS or HE session via their choice of text-message 

or email. A follow-up assessment was conducted three months post-baseline. Participants 

received $25 and $40 for completing the baseline and follow-up assessments, respectively. 

The university Institutional Review Board approved all study procedures. This trial and the 

analyses presented below were planned as part of the first author’s dissertation 

(F31AA024381) but were not registered on clinicaltrials.gov.

2.2 Measures

2.2.1 Activity Level Questionnaire – Substance Use Version (ALQ-SUV)—The 

ALQ-SUV was used to measure past-month reinforcement from substance-related and 
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substance-free activities. Past-month ratings of activity engagement frequency (0 times in 
the past 30 days to 4 more than once a day) and enjoyment (0 unpleasant or neutral to 4 

extremely pleasant) were made with 5-point Likert-type scales (Correia, Carey, Simons, & 

Borsari, 2003). The frequency and enjoyment ratings were multiplied to obtain a cross-

product score (range = 0–16), which reflected activity reinforcement. A reinforcement ratio 

was computed by dividing the mean substance-related reinforcement by the mean of all 

available reinforcements (substance-free + substance-related). Internal consistency for 

substance-related reinforcement was good at baseline (α = .83) and 3-month follow-up (α 
= .84). Similarly, internal consistency for the substance-free reinforcement score was good at 

baseline (α = .70) and 3-month follow-up (α = .83).

2.2.2 Alcohol Purchase Task (APT)—The Alcohol Purchase Task (APT; Murphy & 

MacKillop, 2006) was used to measure alcohol demand at baseline and 3-month follow-up. 

The APT presented participants with a hypothetical drinking scenario and participants were 

asked how many drinks they would purchase and consume at 17 ascending prices from $0 

(free) to $20 per drink. Data cleaning procedures were completed consistent with standard 

recommendations (Stein, Koffarnus, Snider, Quisenberry, & Bickel, 2015). No participants 

were omitted for inconsistent responses. The APT yields five demand indices: 1) Intensity—

number of drinks consumed when the price is $0; 2) Breakpoint—the first price at which 

alcohol consumption is zero; 3) Omax—maximum alcohol expenditure; 4) Pmax—the price at 

maximum expenditure; and 5) Elasticity—sensitivity of alcohol consumption to increases in 

price. Elasticity is calculated using the exponentiated model (Koffarnus et al., 2015), which 

allows zero values and improves model fit (Yu et al., 2014). These five demand indices were 

used to compute two composite variables of demand, persistence and amplitude (MacKillop 

et al., 2009). Persistence was calculated as the standardized mean scores of Breakpoint, 

Omax, Pmax, and Elasticity; this index reflects price sensitivity. Elasticity values were reverse 

scored prior to computing persistence such that higher values reflected increased demand 

akin to the other demand indices in the composite. Amplitude was calculated using the 

standardized mean scores of Omax and Intensity; this index reflects maximum consumption 

and expenditure.

2.2.3 Delay discounting—Delay discounting was measured with an 8-item measure 

wherein participants made choices between two hypothetical amounts of money with 

varying temporal delays (Gray, Amlung, Acker, Sweet, & MacKillop, 2014). Sample items 

included: Would you rather have $100 in 6 months or $10 today? And would you rather have 
$50 today or $100 in 1 year? Hypothetical money choices provide a reliable and valid 

estimate of discounting rates (Smith & Hantula, 2008). Impulsive choice ratios (ICR) were 

computed by using the ratio of impulsive choices relative to all choices, such that larger 

ratios indicate more impulsive decision-making (MacKillop & Kahler, 2009). This brief 

measure has been effectively used with noncollege, adult samples (Acuff et al., 2018). The 

ICR in the current study demonstrated a range from .13 to 1 at baseline and 0 to 1 at follow-

up. Internal consistency reliabilities were good at baseline (α = .78) and 3-month follow-up 

(α = .81). Additionally, ICR was normally distributed at baseline and follow-up, with no 

ceiling effects observed.
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2.2.4 Alcohol consumption and alcohol use disorder—Alcohol consumption at 

baseline and follow-up was assessed using a 90-day timeline follow-back interview (TLFB; 

Sobell & Sobell, 1996), a calendar-assisted measure of a participant’s retrospective account 

of daily alcohol intake. Using the TLFB, three drinking-related dependent variables were 

computed: binge drinking days (5/4 or more standard drinks for men/women per occasion), 

number of drinking days, and number of drinks per drinking day. Although 90 days of 

drinking data were collected, data reported herein are for the first 30 days out of the 90 at 

baseline assessment and the latter 30 days of 90 at the 3-month follow up. This procedure 

permitted a true baseline drinking level prior to treatment engagement and a comparable data 

point of the most recent 30 days at follow-up. A structured clinical interview (SCID; First, 

2014) was administered by trained study personnel at baseline and follow-up to assess past 

90-day DSM-5 AUD symptoms. Responses to the 11-items were dichotomously coded 

(present/absent) to assess for AUD symptoms.

2.2.5 Evaluation of intervention delivery—To ensure intervention integrity across 

clinicians, a random 20% of the session recordings (SFAS, n = 4 and HE, n = 4) were 

selected and reviewed by two trained independent coders. Sessions from each clinician were 

reviewed using a brief intervention adherence protocol commonly used in intervention trials 

(Martens, Smith & Murphy, 2013; Murphy et al., 2012b). Each component on the protocol 

was rated from 0 (Didn’t do it, N/A) to 3 (Above expectations). A score of 2 or higher 

indicated intervention delivery was consistent with protocol. Further, a random 20-minute 

segment of the SFAS recording was selected and coded for MI adherence by two additional 

independent reviewers trained in MI and SFAS delivery. The motivational interviewing 

treatment integrity (MITI; Moyers, Manuel, & Ernst, 2014) was used to code the four global 

scores of the MITI (cultivating change talk, softening sustain talk, partnership, and empathy) 

rated on a 5-point Likert-type scale with 1 indicating low and 5 indicating high MI 

adherence. The MITI also included 8-items on MI consistent behavior counts, which include 

rolling with resistance, asking open ended questions, and reflections. Each of the 8 items 

was rated from 0 (Didn’t do it, N/A) to 3 (Above expectations).

2.2.6 Evaluation of participant satisfaction—Participants completed a brief 

assessment at the end of the SFAS or HE session to assess their degree of satisfaction with 

the intervention and the clinician (this information was not shared with clinicians). Ratings 

were on a 10-point Likert-type scale for intervention ratings and 4-point Likert-type scale 

for clinician ratings with higher numbers indicating greater satisfaction.

2.2.7 Evaluation of perceived intervention benefit—At follow-up, participants 

rated the intervention’s benefit on the following seven domains: helpfulness in overall 

treatment progress, goal pursuit, time management, balanced life, improved sleep, improved 

diet, and change in drinking or drug use. Participants rated the intervention’s helpfulness on 

a Likert scale of 1(Extremely unhelpful) - 5 (Extremely helpful).

2.3 Clinician training and supervision

Clinicians included doctoral-level clinical psychology graduate students and a licensed 

clinical psychologist. All clinicians completed approximately 15 hours of training in MI, 
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including readings, DVDs, and role-playing; and approximately 5 hours of specific training 

in the SFAS and health education interventions. All sessions were audio-recorded and 

reviewed during weekly group supervision. Training and supervision was provided by a 

licensed clinical psychologist with expertise in MI and behavioral economics (author JGM).

2.4 Interventions

2.4.1 Substance-free activity session (SFAS)—This adapted SFAS retained similar 

session objectives as the original SFAS (Murphy et al., 2012a), but the content of the session 

and information provided to participants was modified to ensure that it was relevant to a 

noncollege, treatment-seeking population. Clinicians used an MI approach to develop each 

participants’ motivation to engage in substance-free activities and to enhance the salience of 

personally meaningful delayed rewards (e.g., improving health, developing a hobby, 

generating social support). Although each session was individually tailored, the unifying 

focus of the SFAS was on encouraging participants to identify short- and long-term goals 

related to substance-free activities, discussing the importance and potential benefits of those 

goals, the potential negative influence of alcohol use on goal pursuit, and committing to 

patterns of behavior that are consistent with those goals. Each participant was provided a 

graphical representation of what they reported as important life domains (e.g., family, 

career) and how consistent their past week actions had been within those domains (Wilson, 

Sandoz, Kitchens, & Roberts, 2010). This feedback was used to elicit discussion about 

increasing behavior that was more consistent with their personally held values. The session 

also included personalized feedback on participants’ reported time allocation to a variety of 

constructive activity categories (e.g., exercise, job-related activities, hobbies) as well as 

drinking/drug use. Each participant received personalized, specific information about 

wellness/fitness, hobby, career, social, or community activities consistent with their goals in 

addition to a detailed list of relevant substance-free activities available in the community.

Novel intervention components specific to this adapted SFAS included the EFT task, specific 

feedback on reported values and actions pertaining to those values (Wilson, Sandoz, 

Kitchens, & Roberts, 2010), and booster text messages or emails following the intervention. 

The EFT asked participants to vividly imagine and write about a positive future event with 

the goal of making future outcomes more salient in the present. Indeed, EFT tasks have been 

shown to reduce delay discounting and alcohol demand in laboratory studies (Snider, 

LaConte, & Bickel, 2016; Daniel, Stanton, & Epstein, 2013) but have not yet been tested as 

part of a clinical intervention trial. Prior to completing the EFT task, participants were asked 

to: Write about a specific type of positive experience yon are looking forward to. It could be 
how you want to grow mentally, spiritually, physically, or anything that gives you a sense of 
meaning, mission, or purpose. Consider including what you will be doing, who you will be 
with, how you will feel, or the types of thoughts and emotions you expect to have.

The session concluded with the participant and the clinician formulating specific goals to 

help the participant reallocate his or her time and optimize progress toward goals. Finally, 

each participant received individually tailored booster text messages or emails (38 

participants chose text messages and 3 chose email) with reminders about the activities/goals 

he/she had committed to in the SFAS session, and additional personalized feedback on 
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locally available substance-free activities consistent with their stated interests. An example 

of a booster message is: “You were interested in [company name], an organization that helps 

students with reading. Their next tutor training is [date] and you can get more information 

here [link].” Participants were asked to confirm receiving each message.

2.4.2 Health education (HE)—The HE protocol was developed using sleep hygiene 

educational materials from The National Sleep Foundation (2015) and nutrition educational 

materials from the United States Department of Agriculture Food and Nutrition Service 

(2015). The session was an individual, counselor-administered, educational, interactive 

session but did not include personalized feedback or motivational interviewing components. 

For HE participants, standardized booster texts/emails (delivered weekly for 4 weeks) 

provided reminders of information on sleep and nutrition education. An example of the 

standard messages delivered to HE participant is as follows, “We are reminding you that a 

balanced diet of protein, fruits, vegetables, and grains can help you boost energy, control 

weight, help fight disease, and improve heart health and mood.” Participants were asked to 

respond to confirm receiving each message.

2.5 Data analytic plan

Data analyses were computed using SPSS version 21.0 and MPlus version 7.3. Values 

greater than 3.29 SDs above the mean on a given variable were considered outliers and 

Winsorized to one unit greater than the greatest nonoutlier value (Tabachnick & Fidell, 

2013). Baseline descriptive characteristics of the sample are presented in Table 1. Attrition 

effects were evaluated by testing whether systematic differences existed between those 

participants who completed the 3-month follow-up (n = 37) versus those who did not (n = 

4). Maximum likelihood estimation was used to estimate regression parameters. This 

approach assumes that data are missing at random, and it is a preferred method for 

estimation with missing data (Schafer & Graham, 2002).

A series of linear regression models were computed to assess associations between treatment 

condition and change in the following behavioral economic variables: reinforcement ratio 

(as measured with the ALQ-SUV), alcohol demand composite variables of amplitude and 

persistence, and delay discounting at follow-up (Bandyopadhyay, DeSantis, Korte, & Brady, 

2011). Amplitude and persistence, instead of individual demand metrics, were utilized in 

this sample as alcohol demand was suppressed at follow-up with 29% of the sample 

reporting they would not purchase alcohol at any price. The composite variables permitted 

the use of mean standardized scores to include all reported data, without excluding 

individuals who did not purchase hypothetical drinks. Regression analyses included 

treatment condition and baseline levels of the outcome as covariates. Additional exploratory 

analyses controlled for treatment clinician, treatment site, and standard treatment duration, 

but results yielded similar outcomes. Thus, we present the more parsimonious models 

without these exploratory covariates. We conducted significance testing for behavioral 

economic outcomes based on a priori support from EFT studies with small sample sizes that 

found significant reductions in alcohol demand and delay discounting (Snider, LaConte, & 

Bickel, 2016; Daniel, Stanton, & Epstein, 2013) and, given the pilot nature of the work, we 

reported effect sizes for alcohol use outcomes.
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3. Results

3.1 Baseline characteristics

At baseline, approximately 26.8% of participants (n=11) reported abstinence. Those who 

engaged in drinking reported an average of 6.19 (SD = 6.31) drinking days out of 30 days, 

3.95 (SD = 4.72) binge drinking episodes, 5.05 (SD = 5.32) drinks per drinking day, 7.39 

(SD = 2.61) AUD symptoms, and having been in treatment for 25.98 (SD = 15.19) days (see 

Table 1). Statistical analyses indicated no significant differences between the intervention 

groups on any demographic variables or baseline alcohol-related outcome variables. Follow-

up rate was 90.2% (Figure 1) with no significant differences by condition. There were no 

significant baseline differences for participants who completed versus those who did not 

complete the follow-up assessment on any of the baseline drinking variables. There were no 

clinician or recruitment site effects on outcome variables.

3.2 Intervention feasibility, validity, & acceptability

Of the 139 participants screened for study eligibility, 41 participants consented, completed 

the baseline survey, were randomized, and received the in-person intervention. Of the four 

booster messages sent to each participant, on average, participants confirmed receiving 3.14 

(SD=1.04) messages. There were no significant group differences in confirmed booster 

message receipts—on average SFAS participants confirmed 3.22 (SD = 0.95) and control 

participants confirmed 3.06 (SD = 1.16) messages.

3.2.1 Internal validity—Independent coders’ average rating of content fidelity for the 

SFAS was 2.07 (SD = .09; on a scale of 1– 3), with 100% of the intervention elements 

meeting or exceeding expectations. Similarly, the HE average rating was 2.03 (SD = .07), 

with 100% of the intervention elements meeting or exceeding expectations. Coding on Mi-

specific skills for the SFAS indicated an average rating of 4.41 (SD = .23, on a scale of 1–5) 

for the 4 items on the global scale and an average rating of 2.14 (SD = .29, on a scale of 0–3) 

for the 8 items of MI consistent behavior counts, with 92% of the behavior counts rated as 

meeting or exceeding expectations.

3.2.2 Participant satisfaction—SFAS participants reported average satisfaction ratings 

of the clinician 3.79 (SD = .30, on a scale of 1–4) and satisfaction rating of the session 9.08 

(SD = .94, on a scale of 1–10). HE participants reported average satisfaction ratings of the 

clinician 3.67 (SD = .31, on a scale of 1–4) and satisfaction ratings of the session 8.44 (SD = 

1.76, on a scale of 1–10). There were no significant differences across interventionists for 

clinician or session ratings in either condition.

At follow-up, participants reported on the benefit of the intervention in the domains targeted 

by each intervention (e.g., goal pursuit for SFAS or improved sleep for HE), as well as the 

overall contribution to treatment progress and change in drinking. Means, standard 

deviations, and Cohen’s d are presented in Table 2. SFAS participants’ scores suggest 

moderate between group effect sizes in the intervention helping with time management (d 
= .65) and living a balanced life (d = .50). SFAS participants’ report suggest a small effect 

size in overall treatment progress (d = .36) and goal pursuit (d = .41). The HE condition 
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reported higher means in improved sleep with a small between group effect size (d = .44). 

These ratings are consistent with each intervention’s targeted elements, other than the fact 

that the HE session was not perceived as helpful for changing diet. The interventions were 

rated comparably in helping to support change in drinking/drug use.

3.3 Behavioral economic outcomes

Linear regression analyses, controlling for baseline reinforcement from the ALQ-SUV, 

indicated that the SFAS condition had lower reinforcement ratio values at follow-up 

compared to controls, B (SE) = −0.61 (0.29), p = .032 (Table 3 and Figure 2). Similarly, 

linear regression analyses that controlled for the respective alcohol demand composite scores 

from the baseline APT indicated that individuals in the SFAS condition had lower alcohol 

demand persistence (B (SE) = −0.77 (0.23), p = .006) and amplitude (B (SE) = −0.60 (0.30), 

p = .046) at follow-up compared to controls (see Table 3). Similar analyses indicated no 

intervention group differences in delay discounting at follow-up, B (SE) = 0.58 (0.24), p 
= .397.

3.4 Alcohol use outcomes

Descriptive alcohol use data are presented in Table 4. Between group comparison suggests a 

small effect size in which the SFAS condition reported fewer binge episodes (d = .26) at 

follow up. Similar small effect sizes are observed in which the HE condition reported fewer 

drinks per drinking day (d = .21) and AUD symptoms (d = .25) at follow-up.

4. Discussion

This randomized pilot study assessed the SFAS as an adjunctive intervention for outpatient 

AUD treatment. The study demonstrated that it was feasible to administer the SFAS within 

the context of AUD treatment, and that individuals in AUD treatment rated the intervention 

favorably and noted that it addressed its intended goals. Our results suggest excellent 

clinician adherence, high participant ratings of clinicians and session content, and consistent 

participant rating of intervention benefits with the targeted intervention content. The 

between group effect sizes for perceived intervention helpfulness among SFAS participants 

with respect to goal pursuit, time management, and living a balanced lifestyle suggest that 

the study successfully delivered the key elements of the SFAS intervention. Whereas the HE 

participants reported that their intervention helped them to improve their sleep, although not 

their diet. Of note, the two conditions were similar in their report of the intervention 

changing their alcohol use, which is likely due to the fact that all individuals made 

reductions to their drinking, mainly resulting from their primary AUD treatment. Overall, 

our results provide initial support for feasibility of implementing the SFAS within a 

treatment setting as well as the acceptability of the SFAS with treatment-seeking adults. This 

calls for establishing a future trial to investigate the effectiveness of the SFAS intervention in 

a treatment seeking population.

Our finding that the SFAS was associated with decreases in relative substance-related 

reinforcement ratio is largely consistent with previous studies. Prior findings suggest that 

reinforcement ratio decreased following a brief alcohol intervention with college students 
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(Murphy et al., 2005), and that reductions in reinforcement ratio predicted lower levels of 

alcohol-related problems and marijuana use at follow-up (Dennhardt et al., 2015). A recent 

study reported that among heavy drinking young adults, reductions in reinforcement ratio 

mediated the effects of brief intervention on alcohol use and alcohol-related problems 

(Murphy et al., 2019), suggesting that shifting behavior away from drinking and toward 

substance-free activities may be one mechanism that accounts for intervention outcomes 

(McKay, 2017). Although not powered to evaluate mechanisms of change using mediation 

models, the current study is the first to investigate the impact of a brief intervention on 

reinforcement ratio with an adult alcohol-treatment sample and suggests that the SFAS is 

associated with reductions in reinforcement ratio compared to control. However, further 

investigation with a larger sample and longer follow-up period is needed to replicate these 

findings and to determine if change in reinforcement ratio mediates alcohol-related 

outcomes with adults in alcohol treatment as it does with college student heavy drinkers.

The finding that the SFAS was associated with reductions in alcohol demand, which reflects 

strength of desire to use alcohol, is consistent with the broader literature suggesting that 

alcohol demand is malleable in response to a variety of manipulations, including treatment 

(Acuff, et al., 2019). For example, naltrexone treated heavy drinkers reported reductions in 

alcohol demand indices of Intensity, Omax, and Breakpoint (Bujarski, MacKillop & Ray, 

2012). Furthermore, in the context of behavioral treatment, two studies have demonstrated 

that brief motivational interventions are associated with reductions in demand among young 

adult heavy drinkers, and that these reductions predict subsequent changes in drinking 

(Dennhardt, Yurasek, & Murphy, 2015; Murphy et al., 2015). Results of a study of 

individuals with alcohol dependence suggest that engagement in an episodic future thinking 

(EFT) task was associated with lowered alcohol demand (Snider, LaConte, & Bickel, 2016). 

In this study, our SFAS intervention, which also included EFT, resulted in alcohol demand 

reduction for treatment-seeking adults. This is the first study to show that an intervention 

focusing on increasing substance-free activities that included an EFT task is associated with 

alcohol demand reduction three months after the intervention. This reduction of alcohol 

demand may be a mechanism of change such that the intervention is disrupting the 

overvaluation of alcohol and influencing the reward potential of substance-free future 

outcomes (Snider, LaConte, & Bickel, 2016). Future replication studies are needed to 

investigate the impact of the SFAS on alcohol demand as a possible mechanism of change in 

the context of treatment.

Contrary to our hypothesis, we did not find a significant treatment effect on delay 

discounting. The EFT task within the SFAS asked participants to vividly imagine 

experiencing a positive event in the future to manipulate excessive discounting of delayed 

outcomes. Indeed, previous studies have shown reductions in delay discounting among 

cigarette smokers (Stein, Tegge, Turner, & Bickel, 2018), participants with obesity (Daniel, 

Stanton, & Epstein, 2013), and with alcohol dependence (Snider, LaConte, & Bickel, 2016) 

immediately after an EFT task. The current study did not measure delay discounting 

immediately after the intervention but only at baseline and 3-month follow-up. It is possible 

that the intervention had a proximal impact on delay discounting that was not measured and 

that the effects were not sustained over time. Future research should measure delay 

discounting immediately after treatment to better capture the direct effect of the treatment. 
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Nevertheless, it is noteworthy that the intervention was associated with enduring changes in 

alcohol demand and proportionate substance-related reinforcement.

Not surprisingly, due to the preliminary nature of this pilot trial, and that all participants 

were completing an alcohol treatment program, effect sizes for drinking outcomes were 

inconsistent and should be interpreted with caution. It is likely that the primary alcohol 

treatment was responsible for drinking changes. Despite no clear advantage for the SFAS in 

terms of drinking reductions, it was associated with a significantly greater reduction in 

alcohol demand, suggesting lower motivation to drink (specifically lower peak drinking 

motivation and greater drinking price sensitivity). Overall, although the study did not 

observe group differences in drinking outcomes in the brief 3-month follow-up, the changes 

in the behavioral economic variables could suggest that the SFAS is targeting mechanisms 

that are not routinely addressed in standard treatment. The brevity of the follow-up period 

may have inhibited observation of outcomes that may be sustained over time above and 

beyond standard treatment outcomes. When interpreting these results in the context of the 

extant behavioral economic studies that suggest changes in reinforcement ratio and alcohol 

demand lead to reductions in substance use (Dennhardt, Yurasek, & Murphy, 2015; Murphy 

et al., 2015, 2019), there is some cautious optimism that our results could suggest similar 

outcomes over time. Future trials with longer follow-up intervals and larger sample size are 

needed to clarify the effect of the SFAS on drinking outcomes with treatment seekers, as an 

intervention focused on increasing goal-oriented and enjoyable activities may improve long-

term drinking outcome for treatment seeking populations (Daughters et al., 2018).

4.1 Strengths and limitations

This study used a randomized controlled trial to evaluate the SFAS as a novel, theoretically 

grounded adjunctive intervention for AUD treatment, and to evaluate the feasibility, 

acceptability, and internal validity of the intervention. Limitations of this study include one 

brief 3-month follow-up assessment, small sample size, the reliance on retrospective self-

report measures of drinking and activity participation, and heterogeneity of participants’ 

treatment experiences (e.g., intensive outpatient program, individual counseling, and mutual 

help). This study did not collect information on the frequency or type of treatment 

participants received after study enrollment, limiting ability to assess differences in 

outcomes based on overall level of standard treatment received. Finally, our intervention, 

although brief, included a number of intervention components (discussion of goals, 

personalized feedback on time allocation, EFT, personalized text-messages about goals and 

available activities) and the design did not allow us to determine the unique efficacy of these 

various elements.

4.2 Implications and future directions

This is the first study to implement the behavioral economic-informed SFAS intervention, 

including an episodic future-thinking component, within the context of outpatient treatment 

and tailored for a treatment-seeking population. This pilot trial demonstrated feasibility and 

acceptability of the SFAS to augment outpatient treatment with high fidelity ratings and 

participant satisfaction ratings in both conditions. This is a brief and feasible treatment that 

incorporates elements not typically included in standard behavioral treatments, but that have 
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strong theoretical and empirical associations with changes in drinking and with recovery. 

Given the focus on increasing positive activities and future orientation, this intervention 

could fit well with a variety of treatment models. Our results suggest that a brief, single-

session behavioral economic intervention with remotely delivered booster contact may 

reduce behavioral economic indices of alcohol demand and proportionate substance-related 

reinforcement. The results of this pilot trial, in conjunction with an extensive body of 

laboratory and clinical research linking behavioral economic mechanisms of change to 

alcohol and drug use, provide initial support for further investigation on the utility of the 

SFAS as an adjunctive intervention for AUD treatment.
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Highlights:

• Feasibility and acceptability of behavioral economic (BE) intervention in 

AUD treatment.

• The intervention lowered substance-related reward and alcohol demand.

• There is initial support for targeting BE mechanisms of change in alcohol 

treatment.
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Figure 1. 
CONSORT diagram of participant recruitment, randomization, and completion of follow-up 

assessment of the study.
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Figure 2. 
Change in level of reinforcement from substance-related activities relative to all available 

activities (reinforcement ratio) from baseline to 3-month follow-up by treatment condition. 

SFAS was associated with lower reinforcement ratio at 3-month compared to HE control 

condition. SEM – standard error of the mean.
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Table 1.

Descriptive statistics, N (%) or mean (standard deviation), for demographic and drinking (out of 30 days) 

variables.

Total Sample (N=41) SFAS (n=23) HE (n=18) Statistical Test

Gender χ2(2) = 0.88

 Male n = 28 (68.3%) n = 15 (65.2%) n = 13 (72.2%)

 Female n = 12 (29.3%) n = 7 (30.4%) n = 5 (27.8%)

 Transgender n = 1 (2.4%) n = 1 (4.3%) n = 0 (0.0%)

Race χ2 (2) = 2.94

 White n = 29 (70.7%) n = 18 (78.3%) n = 11 (61.1%)

 Black n = 11 (26.8%) n = 4 (17.4%) n = 7 (38.9%)

 Multiracial n = 1 (2.4%) n = 1 (4.3%) n = 0 (0.0%)

Age 38.24 (12.69) 37.83 (12.26) 38.78 (13.56) t (39) = 0.24

Days in treatment 25.98 (15.19) 26.87 (17.71) 24.83 (11.60) t (39) = −0.42

Binge episodes 3.95 (4.72) 4.87 (5.34) 2.78 (3.59) t (39) = −1.42

Drinking days 6.19 (6.31) 6.30 (2.26) 6.06 (6.56) t (39) = −0.12

Drinks per drinking day 5.05 (5.32) 5.71 (5.46) 4.21 (5.17) t (39) = −0.88

AUD symptoms 7.39 (2.61) 7.35 (2.52) 7.44 (2.79) t (39) = 0.12

Note. AUD = Alcohol Use Disorder. SFAS = Substance-Free Activity Session condition. HE = Health Education condition. Binge Episodes are 
defined as 4/5 or more drinks per occasion for woman/man.
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Table 2.

Mean (SD) ratings of perceived intervention benefit and between group effect size (Cohen’s d) in each 

category at 3-month follow-up.

Perceived Helpfulness of Study Total (n = 35) SFAS (n=20) HE (n=15) Between Group (d)

Overall Treatment Progress 3.97 (.82) 4.10 (.79) 3.80 (.86)    .36

Pursuing goals 3.91 (.78) 4.05 (.76) 3.73 (.79)    .41

Time management 3.60 (.74) 3.80 (.62) 3.33 (.82)    .65

Balanced life 3.74 (.95) 3.95 (.76) 3.47 (1.13)    .50

Improved sleep 3.51 (.89) 3.35 (.93) 3.73 (.78) − .44

Improved diet 3.43 (.88) 3.40 (.75) 3.47 (1.06) − .08

Changed drinking or drug use 3.71 (1.07) 3.75 (1.16) 3.67 (.98)    .07

Note: The items ranged from 1 (extremely unhelpful) to 5 (extremely helpful).
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Table 3.

Linear regression results for behavioral economic variables of relative reinforcing value of alcohol-related 

activities (reinforcement ratio), alcohol demand composite variables of persistence and amplitude, and 

impulsive choice ratio (ICR) as a measure of delay discounting.

SFAS M (SD) HE M (SD) B (SE) [95% CI] p Between Group (d)

Reinforcement Ratio

 Treatment (HE = 0; SFAS = 1) 0.28 (.33) 0.45 (.25) −0.61 (.29) [−1.08, −0.14] .032* 0.58

 Baseline reinforcement ratio 1.36 (.52) [−0.51, 2.22]

Persistence

 Treatment (HE = 0, SFAS = 1) −0.31 (.78) 0.33 (.93) −0.77 (.28) [−1.23, −0.31] .006** 0.74

 Baseline persistence 0.06 (.20) [−0.27, 0.38]

Amplitude

 Treatment (HE = 0, SFAS = 1) −0.23 (.91) 0.29 (.80) −0.60 (.30) [−1.10, −0.11] .046* 0.61

 Baseline amplitude 0.03 (.20) [−0.31, 0.36]

Delay Discounting

 Treatment (HE = 0; SFAS = 1) 0.58 (.24) 0.51 (.28) 0.26 (.30) [−0.24, 0.76] .397 0.27

 Baseline ICR 1.86 (.54) [0.98, 2.75]

Note. AUD = Alcohol Use Disorder. SFAS = Substance-Free Activity Session condition. HE = Health Education condition.

*
p <.05.

**
<.01
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Table 4.

Mean (SD), between and within group effect size (Cohen’s d) for alcohol use outcome (out of 30 days) 

variables at baseline and 3-month follow-up (adjusted for baseline value) for participants who completed the 

follow-up assessment. Negative between-group Cohen’s d values suggest that the SFAS group reduced more 

and positive values suggest more reduction in HE group.

SFAS (n=21) HE (n=16) Total (n=37) Between Group (d)

Binge Episodes -Baseline 4.52 (4.76) 2.88 (3.71) 3.81 (4.40)

Binge Episodes −3M 1.20 (1.82) 1.93 (3.61) 1.51 (2.71) −.26

Binge Episodes Within Group d .92 .26 .93

Drinking Days -Baseline 6.05 (5.85) 5.75 (6.50) 5.92 (6.05)

Drinking Days – 3M 3.85 (7.85) 3.80 (5.63) 3.83 (6.89) .01

Drinking Days Within Group d .32 .32 .32

Number of Drinks -Baseline 41.93 (44.79) 30.56 (39.10) 37.01 (42.24)

Number of Drinks -3M 16.25 (25.89) 20.60 (34.23) 18.11 (29.35) −.14

Number of Drinks Within Group d . 70 .27 .52

Drinks per Drinking Day -Baseline 5.85 (5.55) 3.31 (3.56) 4.75 (4.90)

Drinks Per Drinking Day -3M 4.18 (6.10) 2.99 (4.99) 3.67 (5.60) .21

Drinks per Drinking Day Within Group d .29 .21 .21

AUD Symptoms – Baseline 7.24 (2.61) 7.81 (2.43) 7.49 (2.51)

AUD Symptoms – 3M 2.65 (3.13) 1.87 (3.02) 2.31 (3.07) .25

AUD Symptoms Within Group d 1.59 2.17 1.87

Note. 3M = 3-month follow-up. SFAS = Substance Free Activity Session. HE = Health Education
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