
Behavioral Economics and the Aggregate versus Proximal 
Impact of Sociality on Heavy Drinking

Samuel F. Acuffa, William W. Stoopsb,c,d,e, Justin C. Stricklandf,*

aDepartment of Psychology, The University of Memphis, 202 Psychology Building, Memphis, TN 
38152, USA

bDepartment of Behavioral Science, University of Kentucky College of Medicine, 1100 Veterans 
Drive, Medical Behavioral Science Building Room 140, Lexington, KY 40536, USA

cCenter on Drug and Alcohol Research, University of Kentucky College of Medicine, 845 Angliana 
Ave, Lexington, KY 40508, USA

dDepartment of Psychology, University of Kentucky College of Arts and Sciences, 110 Kastle Hall 
Lexington, KY 40506, USA

eDepartment of Psychiatry, University of Kentucky College of Medicine, 3470 Blazer Parkway, 
Lexington, KY 40509, USA

fDepartment of Psychiatry and Behavioral Sciences, Johns Hopkins University School of 
Medicine, 5510 Nathan Shock Drive, Baltimore, MD 21224, USA

Abstract

Background: Behavioral economic theory predicts decisions to drink are cost benefit analyses, 

and heavy episodic drinking occurs when benefits outweigh costs. Social interaction is a known 

benefit associated with alcohol use. Although heavy drinking is typically considered more likely 

during more social drinking events, people who drink heavily in isolation tend to report greater 

severity of use. This study explicitly disaggregates between-person and within-person effects of 

sociality on heavy episodic drinking and examines behavioral economic moderators.

Methods: We used day-level survey data over an 18-week period in a community adult sample 

recruited through crowdsourcing (mTurk; N=223). Behavioral economic indices were examined to 

determine if macro person-level variables (alcohol demand, delay discounting, proportionate 
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alcohol-related reinforcement [R-ratio]) interact with event-level social context to predict heavy 

drinking episodes.

Results: Mixed effect models indicated significant between-person and within-person social 

context associations. Specifically, people with a higher proportion of total drinking occasions in 

social contexts had decreased odds of heavy drinking, whereas being in a social context for a 

specific drinking occasion was associated with increased odds of heavy drinking. Person-level R-

Ratio, demand elasticity, and breakpoint variables interacted with social context to predict heavy 

episodic drinking, such that the event-level social context association was stronger when R-Ratios, 

alcohol price insensitivity, and demand breakpoints were high.

Conclusions: These results demonstrate an ecological fallacy, in which the size and direction of 

effects were divergent at different levels of analysis, and highlight the potential for merging 

behavioral economic variables with proximal contextual effects to predict heavy drinking.
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1. Introduction

Alcohol use is common in the United States, with over 50% of adults reporting past 30 day 

alcohol consumption (Center for Behavioral Health Statistics and Quality, 2020). Although 

most people drink in moderation, some engage in heavy drinking episodes, consuming 4/5 

drinks on a single occasion for women/men. Heavy episodic drinking can lead to significant 

acute (e.g., hangovers, blackout) and chronic (e.g., academic/occupational impairment, 

alcohol-related cirrhosis) consequences (Jennison, 2004; Tapper and Parikh, 2018) and costs 

the United States billions of dollars each year (Sacks et al., 2015). It is important to 

understand why people continue to drink despite negative consequences and the contexts in 

which heavy drinking is most prominent to optimize prevention and treatment efforts.

Behavioral economics incorporates principles of microeconomics with operant psychology 

(i.e., the “economics of behavior”; Hursh and Roma, 2013) to explain choice behavior, 

providing a framework for conceptualizing persistent alcohol consumption despite negative 

consequences. From this perspective, decisions are cost/benefit analyses, and choices are 

made to maximize benefits and minimize costs. Preference for a substance varies relative to 

the availability of and constraints on access to alternatives in the choice context. Further, 

costs and benefits (defined broadly) are distributed unevenly over time, so utility 

maximization depends critically upon the individual’s temporal frame of reference for 

calculating value (Vuchinich, 1995; Vuchinich and Heather, 2003). Additionally, although 

behavioral economics emphasizes cost/benefit decision making, it does not assume that 

these choices or calculations are always deliberate or that outcomes are “rational”, because 

utility may be maximized under varying conditions of reference (e.g., over varying temporal 

frames). From this perspective, persistent problematic substance use is a reinforcer 
pathology in which drugs, potent immediate reinforcers with delayed costs, are persistently 

overvalued and chosen relative to alternative substance-free reinforcers with delayed benefits 

and immediate costs (Bickel et al., 2014).
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Critically, behavioral economics emphasizes that harmful substance use is a pattern or 

collection of persistent choice for the substance over alternatives, rather than any discrete 

event (Vuchinich, 1995). Behavioral economics research commonly uses indices that 

aggregate decision making across varying choice contexts to characterize molar patterns. In 

cross-sectional studies, these trait-based measures of the relative value of alcohol, such as 

reinforcement surveys and alcohol purchase tasks, demonstrate consistent associations with 

retrospective drinking behavior and problems (Acuff et al., 2019; MacKillop et al., 2011; 

Zvorsky et al., 2019). Behavioral economics incorporates economic principles with 

traditional operant decision-making to explain how individually-computed benefits of 

substance use can outweigh costs and considers the collection of these choice outcomes 

greater than any discrete choice event.

Social interactions are one major benefit underlying alcohol and other substance use. 

Preclinical animal research has consistently documented the relevance of social context and 

reward in drug self-administration and choice (see reviews in Bardo et al., 2013; Heilig et 

al., 2016; Strickland and Smith, 2014). For example, presence of a conspecific during drug 

self-administration in rodents can facilitate acquisition, maintenance, and reinstatement with 

this effect at least partly dependent on the substance-related history of that peer (Hofford et 

al., 2020; Smith, 2012; Smith et al., 2014). On the other hand, social reward (e.g., contingent 

access to other rodents) can act as a potent alternative reinforcer that reduces drug choice 

within discrete choice contexts, with preference for this alternative diminished when social 

reward is devalued, for example, by delay (Venniro and Shaham, 2020; Venniro et al., 2018). 

This preclinical animal work points to two key conclusions: (1) social context (i.e., whether 

one is with or not with others) is relevant to substance-related decision-making and (2) 

social interactions can act as either risk or protective factors depending on their functional 

role in the choice environment.

Evidence from human participants signify similar trends in the relation between social 

context and substance use. Alcohol, specifically, increases subjective feelings and objective 

indicators of social interaction and bonding (Sayette et al., 2012), and individuals reporting a 

greater number of heavy drinking friends, in addition to having friends present during a 

specific drinking episode, also report greater heavy drinking (Murphy et al., 2006; Thrul and 

Kuntsche, 2015) and motivation to drink (Acuff et al., 2020b; Acuff et al., 2020c). Solitary 

drinking episodes, however, are also generally associated with increased alcohol-related 

problems, in addition to an increased likelihood of suicidal ideation, depression, and social 

anxiety (Bilevicius et al., 2018; Gonzalez et al., 2009; Keough et al., 2018). Thus, although 

heavy drinking and alcohol-related problems are more likely during more highly socially 

interactive drinking events, people who drink heavily in isolation generally exhibit greater 

severity of use. A critical gap in existing literature is an empirical disaggregation of 

between-person (i.e., person-aggregated) and within-person (i.e., event-specific) effects of 

social context on drug-taking events, broadly, and heavy drinking episodes, specifically.

Relevant to this role of social context, recent theoretical advances combining behavioral 

economics with values-based decision making contend that accounting for contextual 

variables in discrete choice contexts can enhance molar accounts of decision making, 

increasing overall predictive utility (Field et al., 2020). In other words, those who overvalue 
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alcohol relative to alternative, long-term rewards, will be more likely to report heavy 

drinking episodes. However, the social constraints of any given drinking context will impact 

the momentary cost/benefit ratio of alcohol-related decision making for those people.

This analysis had two primary goals: (1) to disaggregate the between- and within-person 

effects of the social context on heavy episodic drinking; and (2) to examine the interaction 

between molar, behavioral economic indices of alcohol-related decision making with the 

proximal social context of any discrete drinking event. We accomplish these goals using 

day-level survey data over 18 weeks, collected from alcohol-using adults (N = 223). This 

sample comprised a heterogenous group of people reporting alcohol use (i.e., weekly alcohol 

consumption) spanning low/subclinical to high/clinical problematic consumption to evaluate 

individual patterns with sufficient variability to detect differences in use. This analysis 

attempts to delineate the role of the social context as a determinant of heavy episodic 

drinking and contributes to theoretical model development by combining molar 

characterizations of alcohol-related decision making with contextual social variables to 

enhance predictive utility.

2. Materials and Methods

2.1. General Procedures

Participants were recruited using the crowdsourcing resource Amazon Mechanical Turk 

(mTurk) from June to November 2017. Crowdsourcing has been successfully used in 

behavioral and addiction science to recruit geographically diverse samples for remotely 

conducted studies (Mellis and Bickel, 2020; Strickland and Stoops, 2019). Eligible 

participants recruited from mTurk were: 1) age 21 or older, 2) had an Alcohol Use Disorder 

Identification Test (AUDIT) score ≥1 (Saunders et al., 1993), 3) self-reported alcohol use in 

the week prior to screening, and 4) willingness to complete an 18-week study. Qualifying 

participants completed a baseline survey that included behavioral economic measures. A 

longitudinal study phase followed consisting of 18 weekly surveys in which participants 

recorded past week alcohol use by day. The average response rate during this period was 

73% (range: 64.1%-86.8% each week). Two analyses have previously been published from 

this study (Strickland et al., 2019; Strickland and Stoops, 2018). These studies focused on 

the feasibility, acceptability, and validity of longitudinal data collection on mTurk 

(Strickland and Stoops, 2018) and the test-retest reliability of and trait-level prediction by 

behavioral economic variables (Strickland et al., 2019). The current study reports on 

previously unanalyzed proximal variables (i.e., social context) and cross-level interactions 

with trait behavioral economic measures. The University of Kentucky IRB approved all 

procedures and informed consent obtained prior to participation.

2.2. Measures

2.2.1. Alcohol Use—Participants completed weekly assessments of past week daily 

alcohol use during the longitudinal phase of data collection. Participants were asked to 

report the number of standard drinks consumed by alcohol type (e.g., 12 oz. beers, 1.5 oz. 

liquor) on each day during the past week. Participants were also asked if drinking occurred 

in a social context or not (i.e., “did you drink with other people?”). Participants were asked 
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to consider drinking throughout the entire day when answering this social context question. 

Heavy drinking was defined using NIAAA guidelines of ≥5/≥4 drinks/day for men/women 

(National Institute on Alcohol Abuse Alcoholism, 2007).

2.2.2. Proportionate Alcohol-Related Reinforcement—The Reinforcement Survey 

Schedule-Alcohol Use Version was used to evaluate proportionate alcohol-related 

reinforcement (Morris et al., 2017; Murphy et al., 2005; see review in Acuff et al., 2019). 

Participants rated frequency and enjoyability of activities over a 30-day period (e.g., go out 

to eat) when (1) not drinking alcohol and (2) drinking alcohol. Frequency and enjoyability 

ratings were multiplied for each item to create a cross-product score. The primary measure 

was the R-Ratio reflecting the ratio of total alcohol-related reinforcement to total 

reinforcement (i.e., alcohol-free plus alcohol-related reinforcement).

2.2.3. Hypothetical Delay Discounting—Delay discounting for hypothetical 

monetary outcomes was determined using a 5-trial adjusting delay task (Koffarnus and 

Bickel, 2014). Prior studies have validated this 5-choice task against traditional adjusting 

amount discounting tasks (Cox and Dallery, 2016; Koffarnus and Bickel, 2014). Participants 

selected between $500 available immediately and $1000 at a delay. The first choice was at 

three-weeks delay, which then adjusted down (shorter delay following immediate choice) or 

up (longer delay following delayed choice) depending on each trial choice. An effective 

delay 50% (ED50) was determined following five titrated choices. The primary outcome was 

delay discounting rates calculated as the inverse of ED50. Delay discounting rates were log 

transformed for normality.

2.2.4. Behavioral Economic Demand—Hypothetical purchase tasks were used to 

evaluate behavioral economic demand for alcohol (Murphy and MacKillop, 2006). Prior 

work has validated the alcohol purchase task for temporal reliability, stimulus-selectivity, 

and construct validity as well as correspondence with incentivized rewards (e.g., Acuff and 

Murphy, 2017; Amlung and MacKillop, 2015; Strickland and Stoops, 2017). Participants 

were asked to imagine a typical day over the last month when they used alcohol and 

provided a standard instructional set (i.e., closed economy, no prior alcohol consumption; 

Supplemental Materials). Instruction checks were also included which participants had to 

answer correctly to proceed. Participants were instructed to report the number of standard 

alcohol drinks they would consume at 13 monetary increments ranging from $0.00 [free] to 

$11/unit, presented sequentially.

Price intensity and elasticity were generated using the exponentiated demand equation 

(Koffarnus et al., 2015):

Q = Q0 ∗ 10k ∗ (e(−α ∗ Q0 ∗ C) − 1)

where Q = consumption; Q0 = derived demand intensity; k = a constant related to 

consumption range (a priori set to 2); C = commodity price; and α = derived demand 

elasticity. Demand intensity refers to the consumption of a commodity at a unit price of zero 

(i.e., free). Demand elasticity reflects sensitivity of consumption to changes in price. 
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Additional observed metrics were computed including Omax, (maximum expenditure), Pmax 

(observed price at maximum expenditure), and breakpoint (last price prior to suppressed 

consumption). Demand intensity was log transformed and demand elasticity and Omax 

square-root transformed to improve normality.

2.3. Data Analysis

Thirty of the 307 participants completing the baseline survey failed one or more data quality 

checks, did not provide any assessments in the longitudinal phase, and/or did not report 

drinking alcohol in the longitudinal phase and were removed from data analysis (n = 277). 

Purchase task data were evaluated for systematicity using standard criteria (Stein et al., 

2015). Fifty participants provided non-systematic data either violating these criteria (n = 19) 

or reporting zero consumption at all prices (n = 31), and four participants did not complete 

the alcohol purchase task. This resulted in a final sample of 223 participants with systematic 

study and alcohol purchase task data. Analyses focused on this sample given primary 

hypotheses related to behavioral economic demand. As reported previously (Strickland et 

al., 2019), comparisons between individuals included and excluded did not reveal significant 

differences in demographics, alcohol use, discounting rates, or R-Ratio scores suggesting 

that the sample characteristics were not compromised by removal.

Generalized linear mixed models were used to evaluate the association of social context with 

heavy drinking on drinking days. Generalized linear mixed models allowed for the 

incorporation of the repeated measure design and disaggregation of the between-subject and 

within-subject level social context. Specifically, the association of social context with heavy 

drinking could reflect 1) the aggregated proportion of drinking occurring in a social context 

(between-subject) and/or 2) the specific daily context of social relative to non-social 

drinking (within-subject). These non-mutually exclusive associations were included in 

models using a person-mean centering approach (Wang and Maxwell, 2015). In a simplified 

model specification this person-mean centering takes the form:

HeavyDrinkingip = γ00 + γ01Sociali . + γ10(Socialip − Sociali . ) + u0i + eip

where i represents the individual subject and p represents the day-level episode. This 

specification includes a parameter reflecting the effect of the person-mean value of social 

context averaging over drinking episodes (i.e., γ01; the between-subject effect) as well as a 

parameter reflecting the effect of the day-specific context (i.e., γ10; the within-subject effect) 

and μ01 as the between person residual for γ00 (i.e., random effect term).

Models were first tested without behavioral economic moderators to determine the between-

person and within-person social context associations. Models were then tested including 

interactions between behavioral economic variables and the within-person social context 

parameter to determine the interaction between molar behavioral economic 

operationalizations and the molecular contextual variable. Outliers for all behavioral 

economic variables were identified and winsorized for values 1.5 times the interquartile 

range outside the 1st/3rd quartile.1 Interaction models were tested separately; however, a 

post-hoc model was tested including all significant cross-level interactions. Continuous 
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variables were mean centered to improve interpretation. Predicted probabilities of heavy 

drinking were plotted using model estimates for significant interactions to facilitate 

interpretation. All analyses were conducted using R (V4.0.3) with the lme4 packages (Bates 

et al., 2014).

3. Results

3.1. Participants and Study Records

Table 1 contains demographic and alcohol use variables for the sample. Approximately half 

of participants were female and the average age was 35.2 years old. Participants reported an 

average of 8.8 standard drinks/week and 3 drinking days/week with the majority reporting 

one or more heavy drinking day (75.8%).

A total of 8852 drinking days were recorded of which 2903 (32.8%) were heavy drinking 

days. Participants recorded an average of 39.7 drinking days (median = 28) and 13.0 heavy 

drinking days (median = 4). The slight majority of all drinking days involved social drinking 

(n = 4918; 55.6%) with roughly equal percentages of heavy drinking occurring on days with 

(33.2%) and without (32.3%) social drinking.

3.2. Social Context Drinking: Between and Within-Person Associations

Social context and heavy drinking were evaluated for between-person associations (i.e., 

mean proportion of drinking days involving social drinking) and within-person associations 

(i.e., day specific differences in social context). This mixed effect model indicated 

significant social context associations for between-person (OR = 0.25 [0.07, 0.79], p = .015) 

and within-person (OR = 4.18 [3.51, 5.00], p < .001) parameters. These associations, 

however, were in opposing directions. Specifically, individuals with a higher overall 

proportion of social context drinking had decreased odds of heavy drinking (between-person 

association), whereas during any given day a social context for drinking was associated with 

increased odds of heavy drinking (within-person association).

The size, sign, and magnitude of these associations remained when controlling for weekend 

versus weekday drinking in the model (Social-Between: OR = 0.20 [0.05, 0.66], p = .007; 

Social-Within: OR = 3.76 [3.15, 4.51], p < .001). Given that solitary drinking is associated 

with alcohol use disorder, we considered that the between-subject results may reflect 

drinking severity, and thus examined AUDIT as a covariate. Controlling for the AUDIT did 

not impact the within-person association (OR = 4.19 [3.52, 4.99], p <.001) whereas the 

between-subject social context association was no longer significant (OR = 1.27 [0.07, 

0.79], p = .63). The interaction of within-person social context and AUDIT scores was not 

significant indicating that AUDIT was not a significant moderator (OR = 0.98 [0.96, 1.01], p 
= .21).

1The winsorization process means that values that were 1.5 times the IQR added to the 3rd quartile and 1.5 times the IQR subtracted 
from the 1st quartile would be winsorized. Number of outliers in each variable: intensity = 4: breakpoint = 0: Omax = 6; Pmax = 0; 
elasticity = 19; R-Ratio = 9; delay discounting = 5.
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Interactions with demographic variables indicated no significant moderation by age (p 
= .67), race (p = .54), education (p = .70), or relationship status (p = .07). A significant 

interaction with gender was observed (OR = 1.56 [1.10, 2.20], p = .012) indicating that the 

within-person effect of social context was larger for men than women (Supplemental Figure 

1).2

3.3. Behavioral Economic Moderators of Social Context Heavy Drinking

Table 2 contains a summary of the mixed effect models testing interactions between 

behavioral economic variables and the within-person effect of social context. Significant 

interactions were observed for R-Ratio (OR = 8.03 [2.74, 23.58], p < .001), demand 

elasticity (OR = 0.97 [0.95, 1.00], p = .023), and breakpoint (OR = 1.07 [1.02, 1.12], p 
= .005). These effects remained significant in models controlling for AUDIT scores (Table 2 

bottom panels). Inclusion of all three significant interactions in a single model found that the 

R-Ratio interaction remained significant (p = .001) while the elasticity and breakpoint 

interactions were not significant (p values > .20).

A summary of each interaction is plotted in Figure 1. Interpretation of interactions can be 

summarized as greater impacts of the within-person effect of social context on heavy 

episodic drinking when R-Ratios and breakpoints were high and demand elasticity was low 

(price insensitive demand).

4. Discussion

Our results demonstrate that the association of social context with heavy drinking differs 

depending on if evaluated in the aggregate (i.e., between-person association) or specific to 

the contextual event (i.e., within-person association). This discordant finding is consistent 

with an ecological fallacy – specifically, Simpson’s paradox – in which the aggregate, 

“ecological” correlations do not match the individual, event-level correlations, resulting in 

inaccurate inferences about the individual based upon the group to which they belong 

(Kievit et al., 2013; Simpson, 1951). More specifically, heavy drinking was more likely in 

discrete drinking occasions for which other people were present compared to occasions for 

which an individual was alone (within-person effect). But, individuals reporting greater 

proportions of social drinking were less likely to report heavy drinking overall compared to 

individuals reporting lower proportions of social drinking (between-person effect). The 

results are consistent with other work examining between- and within-subject effects 

separately. They further clarify the differences between these findings by disaggregating 

these two mechanisms within a longitudinal framework.

Although the within-person association between social context and heavy drinking was 

robust when controlling for alcohol use severity (AUDIT), the between-person association 

was attenuated. These findings suggest that the between-person association was likely 

attributable to its covariation with alcohol use severity. More frequent drinking in the 

absence of social reward or contexts may reflect a general marker for alcohol use disorder 

2This interaction can also be interpreted such that the difference between heavy drinking for men and women is larger in a non-social 
than social context.
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symptoms. As such, we might expect greater alcohol use severity for individuals with more 

frequent solitary drinking episodes, supported by the finding that inclusion of AUDIT scores 

accounted for the between-person association. Importantly, the within-person relationships 

remained significant when controlling for AUDIT scores indicating that these patterns of 

behavior were also distinct from the severity of use, at least at a person level. The sex by 

social interaction is also consistent with research demonstrating a greater effect of the 

proximal social context for men compared to women (Murphy et al., 2006; Thrul and 

Kuntsche, 2015). Relevant to note is that we found greater likelihood of heavy drinking, 

rather than any alcohol use, in social situations for men compared to women. This is in line 

with work demonstrating that men report greater peer alcohol use in the immediate social 

network, including binge drinking (Acuff et al., 2020b), and that men who drink at similar 

levels to their peer group and who report more frequent heavy episodic drinking have higher 

social status (Dumas et al., 2014).

The study also extended research supporting behavioral economic indices as molar, 

prospective predictors of heavy drinking. We examined the interaction between the proximal 

social context and overall behavioral allocation captured by behavioral economic measures. 

Research shows that some molecular, momentary processes can increase or decrease alcohol 

demand in a discrete choice context (Acuff et al., 2020a). So, although behavioral economic 

indices are useful molar accounts of behavior, there may be interactive relations with 

contextual determinants of drinking decisions. Previous analyses in this sample 

demonstrated a prospective utility of behavioral economic indices at a between-person level 

(i.e., when treated as trait level predictors of typical patterns of behavior; Strickland et al., 

2019). This study further demonstrates that these molar predictions depend on the 

environmental context for any single drinking event. Relevant to note is that these 

interactions were significant when a global measure of alcohol use severity was not (i.e., 

moderation by AUDIT), emphasizing the unique predictive capabilities of behavioral 

economics measures above established clinical measures.

It could be hypothesized that changes in the proximal context, and thus the constraints (costs 

or benefits) of a choice option, should have a greater impact on people with greater demand 

elasticity. However, the outcomes reported (i.e., greater impact for demand inelastic 

individuals and those with higher breakpoints) fit within the framework of values-based 

decision making (Field et al., 2020), akin to Herrnstein’s concept of melioration (Herrnstein, 

1982). From this perspective, various internal and external signals are received in any given 

discrete choice context that dictate the fluctuating value of the various choice options in a 

manner similar to a cost/benefit ratio. Value signals accumulate (i.e., evidence accumulation) 

until the value of one of the choice options reaches a response threshold, at which point the 

corresponding behavior is executed – whether a deliberate calculation, or more likely, an 

inherent accumulation of signals based on context and behavioral history. Participants 

reporting high levels of relative reinforcing value of alcohol (e.g., low demand elasticity or 

high breakpoints) may already typically be on the threshold of preference for alcohol and are 

thus susceptible to changes in the context that pair with and increase the reinforcing value of 

alcohol (i.e., social connection). Indeed, this work supports the assumption that examining 

both molar and molecular mechanisms can increase predictability of drinking behavior and 

provides support for an emerging theoretical model describing the etiology of substance use 
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disorders that describes targeted mechanisms for behavioral and pharmacological 

intervention at the person- and contextual-level. Future research would benefit from further 

testing these theory predictions through conceptual replication of the relationships here as 

well as evaluation of alternative contextual factors (e.g., proximal responsibilities or 

experienced consequences; Merrill and Aston, 2020; Skidmore & Murphy, 2011).

The current study used robust analyses of longitudinal data to examine the interaction 

between molar and proximal social determinants of heavy episodic drinking over a relatively 

long period of time. Limitations point to relevant next steps. First, we did not examine social 

behavior on days when alcohol was not consumed, and therefore we cannot predict whether 

social interaction leads to a greater likelihood of any drinking relative to solitary conditions. 

Based on preclinical work on environmental enrichment (Stairs and Bardo, 2009) and the 

potent reinforcement from social reward in discrete-choice experiments (Venniro et al., 

2018), greater access to and engagement in substance-free social reward may be a protective 

factor against alcohol consumption, although this should be systematically examined. 

Second, molar behavioral economic measures were collected at one timepoint and therefore 

we do not know whether they fluctuated as a function of the social context. Recent work, has 

found that brief measures of alcohol demand are sensitive to contextual variables like prior 

day negative consequences (Merrill and Aston, 2020). Third, our analyses focused on heavy 

drinking and, therefore, generalizations to other substances should be tempered. It is 

possible that the role of social context may differ based on drug class given evidence that 

context modulates drug preference in both rodents and humans (i.e., a preference for cocaine 

outside the home, but heroin at home in Caprioli et al., 2009). Fourth, we did not measure 

alcohol use of others within the social context. However, should others in the social context 

be also consuming alcohol (a likely assumption, on average), our findings may be consistent 

with studies demonstrating a specific impact for the drug use behavior of a social partner in 

preclinical models of social contact (Smith, 2012). Fifth, the study recruited through a 

crowdsourcing site, which may introduce self-selection bias for individuals willing and able 

to complete remotely conducted research on an Internet platform.

The current study advances prior literature on social context by disaggregating and isolating 

the person-level versus event-level impacts of the social environment on heavy drinking. We 

find that individuals who drink more in a social context have a lower propensity to engage in 

heavy episodic drinking, however, a given person is more likely to experience heavy 

episodic drinking when in a social context. This outcome underscores social interaction as a 

critical proximal variable to consider for intervention development, such as in the 

increasingly popular just-in-time interventions emphasizing contextual determinants. Yet, 

these findings also stress the importance of context. Frequent drinking in social contexts was 

not a de facto marker for problematic alcohol use; in fact, solitary drinking was a between-

person predictor of more severe use patterns. Molar behavioral economic indices of 

substance-related behavior were also predictive of the impact of social context in support of 

hypotheses of values-based decision-making frameworks. Collectively, these results 

demonstrate an ecological fallacy (i.e., Simpson’s paradox) made clear through 

disaggregation of within- and between-subject effects as well as highlight the potential for 

merging behavioral economic theory with contextual variables in the proximal environment 

to better predict heavy drinking.
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Highlights

• We evaluate between- and within-person effects of sociality on heavy 

drinking

• Between-person effects showed reduced heavy drinking with greater sociality

• Within-person effects showed greater heavy drinking in social contexts

• Within-person effects were stronger for people with higher alcohol demand
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Figure 1. Predicted Probabilities for Behavioral Economic Interaction Models.
Plotted are the predicted probabilities from generalized linear mixed effect models 

predicting heavy drinking days on days of alcohol use. Values are presented across the full 

range of the mean-centered behavioral economic variable. Location of the area including 

plus one or minus one standard deviation from the mean is provided by the vertically dashed 

lines. Predictions are plotted assuming the mean for the between-subject social context 
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variable. Note that a linear transformation of demand elasticity values was conducted (x100) 

to facilitate model convergence.
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Table 1.

Participant Demographics and Behavioral Economic Variables (N = 223)

Mean (SD)/% IQR

Demographics

Age 35.2 (10.5) 27 to 41

Male 47.1%

White 83.0%

College 68.6%

Married/In a Relationship 56.1%

Alcohol Use

Drinks/Weeks 8.8 (9.3) 3 to 12

Days/Week 3.0 (2.0) 2 to 4

Drinks/Occasion 3.1 (2.0) 2 to 4

AUDIT 10.3 (7.5) 4 to 14

Behavioral Economic Variables

R-Ratio 0.36 (0.16) 0.25 to 0.49

Delay Discounting (k) [log] −2.4 −2.7 to −1.9

Demand Intensity (Q0) [median] 5.4 3.3 to 8.9

Demand Elasticity (α) [median] 0.011 0.006 to 0.028

Pmax $4.3 (3.2) $2 to $6

Omax $10 $5 to $16

Breakpoint $5.9 (3.8) $3 to $11

Note. AUDIT = Alcohol Use Disorder Identification Test; k = discounting rates; IQR = interquartile range. Demand intensity, elasticity, and Omax 
presented as median values given significant variable skew that was corrected in analyses by transformation.
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