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Abstract

Objective.—Translational research on addictive behaviors viewed as molar behavioral allocation 

is critically reviewed. This work relates rates of behavior to rates of reinforcement over time and 

has been fruitfully applied to addictive behaviors, which involve excessive allocation to short-term 

rewards with longer-term costs.

Method.—Narrative critical review.

Results.—This approach distinguishes between final and efficient causes of discrete behaviors. 

The former refers to temporally extended behavior patterns into which the act fits. The latter 

refers to environmental stimuli or internal psychological mechanisms immediately preceding the 

act. Final causes are most clear when addictive behaviors are studied over time as a function of 

changing environmental circumstances. Discrete acts of addictive behavior are part of an extended/

molar behavior pattern when immediate constraints on engagement are low and few rewarding 

alternatives are available. Research framed by efficient causes often use behavioral economic 

simulation tasks as individual difference variables that precede discrete acts. Such measures show 

higher demand for addictive commodities and steeper discounting in various risk groups, but 

whether they predict molar addictive behavior patterning is understudied.

Conclusions.—Although efficient cause analysis has dominated translational research, research 

supports viewing addictive behavior as molar behavioral allocation. Increasing concern with rate 

variables underpinning final cause analysis and considering how study methods and temporal units 
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of analysis inform an efficient or final cause analysis may advance understanding of addictive 

behaviors that occur over time in dynamic environmental contexts. This approach provides 

linkages between behavioral science and disciplines that study social determinants of health.

Keywords

addictive behaviors; obesity; molar behaviorism; behavioral economics; social determinants of 
health

This special issue on addictive behavior as molar behavioral allocation is dedicated to 

Howard Rachlin, who pioneered and advanced the field conceptually and empirically 

from the 1970s until his death in 2021. The issue includes papers that focus on the 

scientific and applied fruits of molar behaviorism and behavioral economics as they pertain 

to understanding and changing addictive behavior. In this introduction, we first describe 

historical developments in basic behavioral science on behavioral allocation and articulate 

orienting assumptions of molar behaviorism that distinguish it from other theoretical 

approaches to understanding addictive behavior. Seminal applications to understanding 

addictive behavior are described.

After discussing measurement challenges in translational and applied human research, the 

present status of research guided by this framework is selectively reviewed and critiqued. 

This work is organized in two categories: (1) Studies of addictive behavior patterns as a 

function of changing environmental circumstances, with emphasis on the role of alternative 

reinforcers and substitute/complement relationships in understanding and changing addictive 

behavior; and (2) studies of individual difference variables in accounting for patterns of 

human behavioral allocation involving addictive behavior opportunities, with emphasis on 

the utility of analogue/simulation measures of behavioral economic variables (e.g., delay 

discounting, reward demand) to predict and perhaps mediate changes in addictive behavior.

In the final sections, we discuss important issues for advancing the field with emphasis 

on distinguishing among measurement approaches and temporal units of analysis. Focusing 

on rate variables and moving beyond cross-sectional investigation of individual difference 

variables and temporally contiguous stimulus-response relationships are recommended. 

We conclude with the usefulness of the framework to expand beyond an analysis of 

individual determinants of addictive behavior to investigate broader contextual features (e.g., 

community and social determinants of health) encompassed by the socioecological model 

of health behavior (Centers for Disease Control and Prevention [CDC], 2021; Institute 

of Medicine [IOM], 2003). This broadened analysis can inform intervention and policy 

approaches aimed at reducing the harm and prevalence of addictive behaviors.

Historical Context

Cognition and Behavior Therapy

Howard Rachlin completed his doctoral work in 1965 in the behavioral laboratory of 

Richard Herrnstein at Harvard University, and he became and would remain an ardent 

behaviorist throughout his career. That a behaviorist could have a dramatic impact on the 

applied field of addictive behavior is startling given that during the 1970s and 1980s, 
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behavior therapy was striving to become free from the shackles many perceived as imposed 

on the field by the dominance of behaviorism. This complex cognitive-behavioral movement 

involved many clinician-scientists, but here we focus on the work of Michael Mahoney 

(1974; 1978), an influential representative.

A major perceived shackle concerned language. Behaviorists’ scientific language (stimulus, 

response, reinforcer, etc.) developed for use in the behavioral laboratory was often too 

constraining and ill-suited for competent communication in a clinical situation. In his 

seminal 1974 book, Mahoney articulated this problem and argued convincingly for a focus 

on “private” events, or the myriad events thought to mediate between a stimulus and a 

response, which he called “mediational inferences.” The effect of shedding this shackle was 

dramatic and legitimized consideration of private events as factors in human behavior, the 

exclusion of which “constituted a serious limitation in both comprehensiveness and clinical 

relevance of the then-current behavior theory” (p. 3).

Mahoney later (1978) focused on the causal force of “mediational inferences.” Drawing 

on similar concerns in medicine regarding identification of causal links between the 

environment and disease (e.g., Hill, 1965), he formalized his analysis as a general 

template for identifying causal relations in psychological science: “1. relative temporal 

contiguity (togetherness in time); 2. priority (the cause must precede the effects); 3. 

noncontradiction (no observed instances of the cause without the effect); 4. factor isolation 

(the elimination or control of all possible influences other than the one being examined); and 

5. replicability (the capacity to replicate the alleged relationship)” (p. 661). This template 

was later articulated further and became the current paradigm for identifying mediators 

and mechanisms of change in psychological treatments (Kazdin, 2007; Witkiewitz et al., 

2022). The ideas of temporal contiguity and priority are crucial: If causes must precede 

and be temporally contiguous with their effects, and if there are no obvious candidates for 

causes of behavior in the observable situation, then pressure exists to hypothesize currently 

unobservable events typically inside the person to mediate between the two. Whether 

characterized as intervening variables or hypothetical constructs (MacCorquodale, & Meehl, 

1948), their main conceptual function is to bridge the temporal gap between the situation 

(stimulus) and the behavior of interest (response). Mahoney’s focus on “mediational 

inferences” soon dominated theory and research on addictive behavior, especially alcohol 

use disorder (Baker et al., 1988; Blane & Leonard, 1987; George & Marlatt, 1983; Marlatt & 

Gordon, 1985; Vuchinich, 1995).

Molar Behaviorism and Behavioral Economics

Contemporaneous with these developments in behavior therapy was a distinct evolution 

in basic psychological science regarding behavior allocation. Faithful to the Skinnerian 

tradition, this work was not concerned with what happens inside the organism between the 

stimulus and response. Instead, it was concerned with how rates of behavior over time may 

or may not entrain with rates of environmental events (especially reinforcement) over time. 

Operant laboratory research soon identified precise and robust relationships between rates 

of behavior and rates of reinforcement that Herrnstein (1970) formalized in the “Matching 

Law”: B1/B1+B2 = R1/R1+R2; i.e., the relative frequency of behavior allocated to a response 
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alternative equals the relative frequency of reinforcement obtained from that alternative. 

This development was theoretically important because it showed that any voluntary behavior 

can be studied as behavioral allocation arising out of a context of all possible behaviors 

and associated environment constraints. It was called “molar” because of the focus on 

rates of behavior and rates of environmental events over time (e.g., Baum, 1973). This 

work further showed that preference for a given activity or commodity depends on the 

constellation of available activities and environmental constraints in the choice context. 

Importantly, preference for a given commodity or activity can be changed by changing the 

choice context, e.g., by altering the direct constraints on the activity of interest or by altering 

the availability of other activities and the constraints on access to them.

The seminal Matching Law was soon shown to account for both animal (de Villiers, 1977) 

and human (Pierce & Epling, 1983) choice, positive and negative reinforcement (Herrnstein, 

1969), and to apply to important human clinical situations, including choices between 

smaller sooner and larger delayed rewards (i.e., self-control; Ainslie, 1975; Rachlin, 1974; 

Rachlin & Green, 1972; Rachlin et al., 1986). This molar level of analysis relating rates 

of behavior to rates of consequences over time laid the foundation for the emergence of 

behavioral economics (e.g., Hursh, 1980; Lea, 1978; Rachlin et al., 1981), which merged 

operant methods on molar behavioral allocation with concepts from consumer demand 

theory in microeconomics.

Efficient Causes, Final Causes, and Teleological Behaviorism

In 1974 Rachlin published a paper on “Self-control” that contained a section entitled “What 

Can Cause Behavior?” (pp. 96–100). The behavior being caused in his example were rats’ 

bar presses in a Herrnstein and Hineline (1966) experiment on electric shock avoidance 

that programmed an inverse correlation over time between the rate of bar presses and the 

rate of irregularly timed shocks. Rats learned to press the bar even though no single bar 

press avoided any single shock, and the overall timeline of presses and shocks showed a 

clear inverse relation; i.e., the higher the rate of presses, the lower the rate of shocks, and 

vice versa. However, if the overall timeline was divided into more restricted observation 

periods and focused on individual presses or shocks, the inverse relation was no longer 

clear; sometimes a press occurred right after a shock, sometimes right before a shock, and 

sometimes there was no apparent relation. So, while the overall rates of bar presses and 

shocks were clearly inversely related, in truncated observation periods a co-occurrence or 

temporal priority of presses and shocks was absent, which violates conditions 1, 2, and 3 of 

Mahoney’s analysis of a causal relation. To pursue his analysis of causation would seem to 

require a finer-grained inspection of the processes that led to bar presses and the aftereffects 

of shock. In other words, it would require determining somehow what is happening inside 

the rat in the moments before and after a press or a shock.

Rachlin did not choose that path but instead proposed a broadened view of causation in 

psychological science (1992), one that includes final as well as efficient causes (following 

from Aristotle). Efficient causes, to which Mahoney’s analysis applies, include the cognitive, 

neural, physiological, or local environmental events that occur immediately before an act 

of interest. Final causes, as proposed by Rachlin, are the overall behavior pattern into 
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which the act fits. In this way, a rat’s single bar press can be caused by the overall rate 

of bar pressing, which in turn is caused by the reinforcement contingencies in effect over 

the study’s duration. Rachlin did not argue that efficient causes are unimportant, because 

they obviously are important. Rather, in this situation, there are empirical regularities best 

characterized by an analysis of temporal relations that are much broader than the temporal 

contiguity lens of efficient causes. He termed a psychological science that focuses on final 

causes “teleological behaviorism” (1992) and later further articulated the distinction between 

efficient and final causes (Rachlin, 2013, 2014, 2017).

Molar Behaviorism as a Framework for Understanding Addictive Behavior 

in Context

Distinguishing Efficient and Final Causes in Translational Research and Practice

Two examples will highlight the conceptual issues involved in this broadened view of 

causation as applied to addictive behavior. First, imagine you are interviewing a client 

diagnosed with a substance use disorder, and he is describing his most recent episode of 

use. In order to identify the efficient causes of the episode, you want to know about the 

immediate environmental situation and what the client was thinking and feeling prior to 

and during the episode. In fact, from an efficient cause perspective, literally everything you 

need to know to account for the episode is present when it occurs, even if you do not 

know exactly how and where inside to look. Although you cannot directly observe all those 

efficient causes during the clinical interview, you assume that they are there and active, 

having been instantiated in the client’s internal psychological mechanisms by his history.

In contrast, if you are interested in identifying the final causes of the episode, you want 

to know how this episode fits into his overall pattern of substance use over time and how 

that pattern fits into the more general behavior patterns of his life, including love, parenting, 

work, religion, friendships, finances, etc. In fact, from a final cause perspective, virtually 

nothing you need to know to account for the episode is present when it occurs (even though 

efficient causal factors are present and active), because those forces are spread out in time 

beyond the episode. You cannot directly observe all the components of those final causes 

during the interview, but you assume that they are there and active and were developed over 

extended periods of time by his interactions with the world.

Now consider another example: While napping, at that moment you are not working, 

exercising, or smoking cannabis. But, as the molar behavioral approach makes clear (e.g., 

Rachlin, 1992), it is also true that at that moment, you are engaging in each of those 

behaviors at certain rates over longer timeframes. Further consider over the last few weeks 

or months whether your behavior allocation patterns have been stable or altered by changing 

demands on your time or sudden events that changed your access to valuable activities. 

Exploring this kind of variability is at the core of a final cause analysis. Thus, for a particular 

act occurring at a particular moment, an efficient cause analysis looks deeper at that slice 

of time (e.g., what immediately precedes or follows your smoking cannabis at a certain 

time), often moving the cause inside the person. In contrast, a final cause analysis looks 

more broadly at different times (e.g., what variables reliably co-vary over time with your 
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pattern of cannabis use and engagement in other behaviors). Although neglected in research, 

this molar level of analysis is similar to a functional analysis that has long been part of 

cognitive-behavioral treatments for addictive behaviors. Further, treatments in general place 

more emphasis on altering molar patterns than single acts of addictive behavior.

As discussed elsewhere (Acuff et al., 2022; Tucker & Vuchinich, 2015), the conceptual 

foundation of molar behaviorism and behavioral economics rests on Rachlin’s (1992) 

distinction between efficient and final causes associated with any behavioral act. We are 

in no way gainsaying the significance of efficient causal variables of addictive behavior 

(e.g., negative affective states, craving, positive alcohol expectancies, environmental triggers, 

etc). Such variables have been reliably linked to risk for substance use escalation and 

resumption of substance use after a period of abstinence and have been productively applied 

in theoretical models of addictive behavior and treatment approaches, including efficacious 

cognitive and behavioral therapies that focus on avoiding or coping with these proximal 

high-risk events (Magill et al., 2019; Witkiewitz et al., 2022). Our point is that there is 

significant variability left unaccounted for, and we believe that variability can be addressed 

by accounting for patterns of addictive behavior over time.

Measurement Challenges in Translational and Applied Research

As in all translational research endeavors, extending these basic science concepts to 

translational and applied research has presented complications. Rates of behavioral and 

environmental events over long intervals under varied conditions are the primary empirical 

interpretations of relevant theoretical terms in basic behavioral economic science (Green & 

Freed, 1993; Hursh, 1980; Rachlin et al., 1981) and directly support an analysis of final 

causes. Some applied human behavioral economic measures assess patterns of behavior 

or monetary allocation (either retrospectively or prospectively) related to drug use and 

substance-free activities in order to connect these molar patterns of behavior with controlling 

variables (Murphy et al., 2015; Tucker et al., 2016, 2021).

But most behavioral economic studies with humans, however, do not measure actual 
rates of drug use, other behaviors, and contextual events over long time periods, for 

largely ethical and practical reasons. Instead, they rely on brief analogue (i.e., simulated) 

tasks that ask about hypothetical choices between immediate versus delayed monetary 

amounts (to estimate delayed reward discounting) or purchases of substances, food, and 

other commodities across escalating prices (to estimate reinforcer demand or value). 

This measurement approach, further described later, falls within the behavioral economic 

tradition because such measures represent a relevant reinforcement history that is related to 

patterns of behavior. It is consistent, at least in principle, with a final cause analysis, even 

though these tasks are often used to support efficient rather than final cause interpretations 

(Rachlin, 1992; 2013), wherein momentary changes in behavioral economic variables are 

investigated as causes of discrete behavioral acts.

For example, the applied alcohol field has sound measurement tools such as the Timeline 

Followback (TLFB) interview (Sobell & Sobell, 1992) that capture daily behavior and 

environmental characteristics over long intervals in the natural environment, commonly 

assessed using ratio scales that have meaning apart from a population distribution (e.g., 
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frequency and quantity of drinking). Some research has used these data to model the 

temporal patterning of environment-behavior associations (e.g., Tucker et al., 2021), but 

most have reduced or eliminated concern with variability in rates of behavior over weeks, 

months, or years by computing summary indices of addictive behavior over intervals that 

vary from relatively long (1 year) to short (1 month). Clinically, the TLFB has been used 

both ways. At the individual client level of analysis, day-to-day TLFB drinking reports 

have been used in an ongoing functional analysis that identifies the contexts of problem 

alcohol use, identifies ways in which changes in client behavior are likely to change the 

environmental context, distinguishes among appropriate and inappropriate drinking for each 

occurrence based on drinking consequences within a certain context, and monitors progress 

(Sobell et al., 1976). At the group level of analysis, TLFB reports of heavy drinking days 

aggregated over months or longer have been used to calculate the percentage of participants 

in alcohol treatment clinical trials who report no heavy drinking days, which the Food and 

Drug Administration recommends as an efficacy endpoint indicative of treatment success 

(Falk et al., 2010).

Although such summary indices are useful for some research questions (e.g., evaluating 

treatment outcomes), they do not support a molar analysis of environment-behavior 

associations over time. Similarly, prospective ecological momentary assessment collects 

fine-grained daily data amenable to examining the temporal patterning of behavior and 

associations with changing environmental contexts as part of a final cause analysis. 

However, these data are commonly used to assess temporally contiguous associations with 

behavioral economic variables, typically assessed using simulation tasks, in service of an 

efficient cause analysis; e.g., momentary changes in discounting or demand are related to 

momentary changes in substance use at the individual episode level (e.g., Motschman et al., 

2022; cf. Pearson et al., 2022).

Behavioral economic variables so derived can be used to support either an efficient or final 

causal analysis. From an efficient cause perspective, the measures are seen as reflecting 

the operation of a private mechanism (as one part within a representational system that 

includes other private mechanisms) that partly causes particular choices at a particular time 

(e.g., alcohol/ drug demand is viewed as causally related to drinking or drug use). From a 

final cause perspective, the measures are seen as reflecting molar behavioral-environmental 

relations (as one part of a representational system that includes other behavioral and 

environmental variables) that describes behavioral allocation patterns over time to activities. 

This approach seeks to estimate more general behavioral patterns (e.g., what will you drink 

across prices in the case of alcohol purchase tasks?) and may be used as a proximal outcome 

of a pattern of environmental events such as an intervention (e.g., alcohol/drug demand is 

viewed as a dynamic indicator of reward value that portents changes in substance use but 

one that is itself related to contextual variables such as limited alternative reinforcement or 

minimal constraints on substance use).

These measurement challenges notwithstanding, as discussed next relevant empirical work 

on addictive behavior includes animal research that is decidedly molar in its level of analysis 

(e.g., Ainslie & Herrnstein, 1981; Carroll, 1996) and human research that is variously 

molar (e.g., Murphy et al., 2019a; Tucker et al., 2021; Vuchinich & Tucker, 1996) or uses 
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concepts and measures from molar animal and human research applied within an efficient 

cause framework (e.g., Amlung et al., 2015; cf. Acuff et al., 2020). This work provides 

considerable support for concepts and relations from molar behaviorism and behavioral 

economics.

Present Status of Research on Addictive Behavior as Behavioral Allocation

Addictive Behavior Patterns as a Function of Changing Environmental Circumstances

Experimental laboratory studies and applied clinical and epidemiological research 

consistently show that high rates of substance use and other addictive behaviors are most 

likely in contexts characterized by few constraints on the addictive behavior and low 

availability of alternative reinforcers. Further, addictive behaviors will generally decrease 

if access to alternative reinforcers is increased, a relationship that is well established for 

substance use (Bickel et al., 2014; Higgins et al., 2004; Lamb & Ginsburg, 2018) and 

replicated in the obesity literature with food (Jacques-Tiura & Greenwald, 2016). For 

example, across an 18-month behavioral weight loss trial, Buscemi and colleagues (2014) 

found that food-related reinforcement decreased and food-free reinforcement increased, and 

greater reductions in body mass index were associated with greater relative increases over 

time the proportion of food-free to food-related reinforcement.

Numerous laboratory studies with human and non-human animals have found that 

experimental manipulations of the availability and magnitude of alternative reinforcers (e.g., 

substance-free activities, social companions, money) result in predictable changes in drug 

or food self-administration over time. For example, environmental enrichment is associated 

with lower levels of drug use initiation and with reductions in drug use among humans 

and animals who are regular users (Gage & Sumnall, 2018; Lamb & Ginsburg, 2018). 

In naturalistic human studies, reinforcement is variously measured by some combination 

of activity participation and enjoyment ratings, by the relative amount of time or money 

allocated to a given commodity or activity, or by questionnaires that ask directly about 

access to rewarding experiences (Acuff et al., 2019; Buscemi et al., 2014; Murphy et al., 

2021). Reinforcement surveys, for example, measure the frequency of engagement in, and 

subjective pleasure associated, with a variety of activities (e.g., socializing, watching TV, 

using drugs), typically during the past month, and have been modified to differentiate 

substance-related and substance-free reinforcement (e.g., socializing with vs. without drug 

use; Correia et al., 2005; going to the movies with or without eating; Buscemi et al., 2014). 

Longitudinal research suggests that individual differences in access and responsiveness to 

alternative reinforcers prospectively predict smoking initiation (Audrain-McGovern et al., 

2011), changes in drinking and alcohol use disorder symptoms following a brief alcohol 

intervention (Murphy et al., 2015, 2021), and heroin use during a 6-month follow-up of 

heroin users undergoing opioid-substitution therapy (Lubman et al., 2009).

Thus, both laboratory and naturalistic research supports molar behavioral theories of choice 

and reinforcement-based behavioral interventions that focus on increasing alternatives to 

substance use and other addictive behaviors (reviewed by Fazzino et al., 2019). This 

includes evidence-based intensive treatment approaches such as contingency management, 

community reinforcement, and behavioral activation, as well as brief motivational 
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interventions that seek to reduce the relative reinforcing value of drugs by increasing 

engagement in future-oriented positive alternatives (e.g., Correia et al., 2005; Murphy et 

al., 2012, 2019). For example, in an evaluation of change processes associated with a brief 

alcohol intervention (Murphy et al., 2019), emerging adults who reduced their drinking 

showed increased reinforcement from substance-free activities at follow-up, and changes 

in proportionate reinforcement related to substance-free activities mediated the relation 

between the intervention and reductions in alcohol use. Further, having substance-free 

next-day responsibilities (e.g., employment, classes, volunteer work) has been linked to 

lower alcohol demand, as measured by a behavioral economic task, the Alcohol Purchase 

Task (Murphy & MacKillop, 2006), that quantifies hypothetical alcohol consumption and 

alcohol-related expenditures as a function of drink prices (Joyner et al., 2019). A review 

of clinical research on associations between social support and smoking (Fisher, 1996) 

supported conceptualizing both activities as commodities that could substitute for one 

another; specifically, social support is effective in reducing smoking while it is available 

but this salutary substitution relationship diminishes when access is constrained. This 

commodity model of social support has been successfully extended to other health behaviors 

including food choice, physical activity, and chronic disease management (Green & Fisher, 

2000).

It is important to note that while many substance-free activities serve in this way as 

substitutes for substance use, other activities may co-occur with use and function as 

economic complements. For example, because alcohol is often consumed in social settings 

and is associated with social bonding, social reward may decrease following reductions in 

drinking (Murphy et al., 2005), and teens who experience more reward associated with 

substance-related activities report increased rates of substance use over time (Lee et al., 

2018).

Research further suggests that increasing the salience of delayed outcomes of behavioral 

patterns can reduce impulsive response patterns and increase future orientation (Ashe & 

Wilson, 2020); e.g., focused thinking and writing about potential positive future events 

(“episodic future thinking”) can reduce delay discounting and alcohol demand and may 

promote positive behavior change (Patel & Amlung, 2020; Snider et al., 2016), especially 

if integrated in an approach focused on increasing substance-free activities (Meshesha 

et al., 2020). Episodic future thinking has also been found to reduce energy intake in 

adults (Daniel et al., 2013) and children (Daniel et al., 2015). Further, when future events 

were framed as part of a temporally extended behavior pattern leading to delayed rewards 

(“reward bundling”), their value was discounted less steeply than if presented as independent 

events or discrete choices (Rung & Madden, 2018).

Role of Reinforcer Discounting and Demand in Addictive Behaviors

In 1991, Rachlin et al. published a seminal paper translating concepts of delayed and 

probabilistic reinforcement to a new hypothetical discounting task. Human participants were 

instructed to make a series of hypothetical choices between either smaller immediate or 

larger delayed monetary rewards, as well as between smaller certain or larger uncertain 

rewards. Participants rendered discounting functions on this hypothetical task similar to 
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those observed in experimental studies with nonhumans (Mazur, 1987), and the orderliness 

of the data and the quantitative models describing them were consistent with basic 

laboratory work that entailed temporally extended patterns of responding in concurrent 

choice arrangements. Rachlin (1995) later employed another laboratory preparation to 

explore behavioral patterning as a “soft commitment” procedure to increase self-control 

and noted that “[t]emporal patterning, such as the grouping of choice opportunities in threes 

or fours as in [operant laboratory tasks], tends to cause a series of momentary choices to be 

perceived as a unitary, temporally extended event” (p. 191). That these convenient laboratory 

tasks could be used to study temporal and probability discounting and behavioral patterning 

in humans had great translational promise.

The promise offered was soon extended to conceptualize and measure the relative 

reinforcing efficacy of substance use (e.g., Bickel et al., 1999; Bickel & Marsch, 2001). 

This inspired translations of operant demand procedures to hypothetical tasks to measure 

demand for opioids and cigarettes (Jacobs & Bickel, 1999), alcohol (Murphy & MacKillop, 

2006), food (Epstein et al., 2007), cannabis (Collins et al., 2014), and non-medical 

prescription opioids (Strickland et al., 2020). Like the translational success of discounting 

tasks, hypothetical demand tasks yielded functions nearly identical to those observed in 

basic fixed-ratio demand assessments in the laboratory. That these brief hypothetical tools 

generated data indistinguishable from operant laboratory methods provided some confidence 

that they are a proxy to within-subject parametric studies examining operant responding for 

real rewards.

Responding on behavioral economic simulation tasks correlates well with measures of 

addictive behavior and appears to have discriminant validity in distinguishing participants 

who do and do not engage in addictive behavior (e.g., Amlung et al., 2017; MacKillop et al., 

2011; Nighbor et al., 2019). However, their validity as proxies for the temporally extended 

choice profiles that characterize substance use disorders has yet to be directly evaluated. 

Moreover, an unfortunate byproduct of the convenience of brief hypothetical measures of 

demand and delayed reward discounting is that the number of studies using these approaches 

dwarfs the number that assessed molar behavioral patterns of substance use in relation to 

substance-free behavior and environmental events over time (Murphy et al., 2015; Tucker et 

al., 2021).

The robust measurement properties of brief demand curve and delay discounting measures 

has allowed numerous studies to evaluate various hypotheses associated with behavioral 

economic theories of addictive and other health risk behaviors. It is fitting that these tools—

inspired by and evolved from Rachlin’s work translating economic principles to concurrent 

choice—are now employed to advance understanding of behavioral economic concepts. 

Several reviews have described the rich literature on ways in which contextual manipulations 

can alter responding on discounting and demand tasks (Acuff et al., 2020; Koffarnus et 

al., 2013; Rung & Madden, 2018). Notably, these hypothetical tasks are now being used 

to better understand scarcity effects and the openness of economies on choice responding 

in the context of demand (e.g., Amlung et al., 2019; Kaplan et al., 2017; Koffarnus et al., 

2015; Skidmore & Murphy, 2011; Sze et al., 2017) and to evaluate the effects of framing 

probabilities (e.g., Yi & Bickel, 2005), delays (e.g., DeHart et al., 2018; Naudé et al., 
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2018), and unit prices (e.g., Kaplan & Reed, 2018) on choice responding in the context of 

discounting.

Although simulation tasks are typically one-shot (i.e., cross-sectional) measures of a 

“unitary temporally extended event,” some emerging research has shown that they are 

helpful in examining health-related and addictive behavior over time. For example, they 

have been used as dependent variables to examine the effects of experimental treatments 

on steady-state responding in controlled translational studies using within-subject designs 

(e.g., Dixon & Holton, 2009; Kaplan et al., 2016). In the Kaplan et al. study, participants 

completed a simulated probability discounting task involving health outcomes at the start 

of each session. A multiple-baseline across participants design examined steady-state 

patterns of discount rates before and during implementation of an episodic future thinking 

intervention. Clear changes were observed in within-subject levels of discount rates in the 

presence of the intervention relative to baseline. Although promising, the numbers of such 

studies pale in comparison to the vast cross-sectional literature on hypothetical discounting 

and demand, and the longer term effectiveness of these episodic future interventions remains 

uninvestigated. Nevertheless, this line of research may be leading a new wave of empirical 

inquiry that includes a focus on measuring patterns of behavior over time in relation to 

environmental events—a paradigm shift we strongly recommend.

Unresolved Issues and Future Recommendations

The present literature often lacks clarity about whether a given study is pursuing an efficient 

or final cause analysis or some combination. A basic issue involves distinguishing among 

measurement approaches and temporal units of analysis in a given study and making clear 

the extent to which the design and methods address efficient or final causes, which lie 

on a continuum. Focusing on rate variables at a molar level is critical for the latter, and 

we think addictive behavior science would benefit from expanding beyond cross-sectional 

investigation of individual difference variables and temporally contiguous stimulus-response 

relationships.

Specifically, we recommend (1) maintaining a focus on molar addictive behavior patterning 

even if assessed retrospectively; (2) expanding the variable domains of interest beyond 

exclusive focus on a given addictive behavior to include investigation of valued activities 

and commodities that can compete with addictive behaviors; and (3) connecting behavioral 

economic simulation measures of individual difference variables, often generated with 

hypothetical drug demand and delayed-reward discounting tasks, with molar environment- 

behavior relationships that comprise addictive behavior patterns (e.g., McCarthy et al., 

2018; Merrill & Aston, 2020; Schlienz et al., 2014; Xu et al., 2020). For example, daily self-

monitoring studies could measure substance use over several months while also measuring 

the availability of and engagement in alternative drug-free activities and other contextual 

variables in order to evaluate potential molar functional associations that might not be 

evident with typical ecological momentary assessment approaches that include frequent 

assessments throughout the day but rarely cover more than a 2–4 week period.
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It is possible that the challenges associated with measuring rates of substance use and 

other behavioral patterns over extended temporal intervals, and with quantifying elements 

of the environment such as the availability of alternative reinforcement and constraints 

on access to alcohol and drugs, have led to an underemphasis of these critical variables 

within applied research and theories of addictive behaviors relative to easily measured 

variables such as drug demand and delayed reward discounting. For example, whereas many 

older behavioral economic models of addictive behavior emphasized the critical role of 

alternative reinforcement as a risk factor and treatment target (Higgins et al., 2004; Rachlin, 

1997; Vuchinich & Tucker, 1988; cf. Vuchinich & Heather, 2003), more recent behavioral 

economic models, including the influential “Reinforcer Pathology Model” (Bickel et al., 

2014, 2020), place relatively greater emphasis on alcohol demand and delayed reward 

discounting as causal variables and on neurocognitive and narrative approaches to expanding 

the temporal horizon of decision-making as intervention elements. Given the abundance 

of experimental and clinical research supporting the role of environmental reward as a 

determinant of addictive behavior (Lamb & Ginsberg, 2018) and as a treatment mechanism 

(Fazzino et al., 2019; Murphy et al., 2019), the relative underemphasis on examining rates 

of addictive behavior over time in relation to features of the environment may be a case 

where the relative measurement convenience associated with simulated demand and delay 

discounting tasks has contributed to these variables exerting an outsized influence on applied 

research and theoretical models (cf. Tucker & Vuchinich, 2015).

Considering Addictive Behaviors in Broader Socioecological Context

Research guided by molar behaviorism and behavioral economics has yielded a rich body 

of work useful for understanding individual determinants of addictive behavior patterns 

and guiding interventions to change problem behavior at the individual person level. 

This work has shown the critical role of environmental contextual variables such as 

the availability of substances and substance-free alternatives over time. Given that the 

choices individuals make depend on the options available, this suggests broadening the 

scope of contextual variables to include upstream factors such as social, community, 

built environment, economic, and policy domains encompassed by the socioecological 

model of health behavior (CDC, 2021; IOM, 2003). For example, systemic racism and 

oppression limit many health promoting behaviors and increase health risk behaviors, thus 

perpetuating health inequities and the influence of social determinants of health (SDOH) on 

behavioral health disorders (CDC, 2021). Investigating such factors in addition to individual 

level determinants is an important next step that may inform prevention and treatment 

innovations and help address inequities in substance misuse, obesity, and other harmful 

health behaviors (Karriker-Jaffe et al., 2013; Roche et al., 2015). Indeed, Rachlin and 

his colleagues (2018) articulated how basic reinforcement principles and findings from 

behaviorism and behavioral economics can be used to address complex behavior patterns 

relevant to behavioral medicine and public health framed within an ecological model of 

health behavior.

Considering multiple levels of the socioecological model is consistent with behavioral 

economic models that emphasize enriching the environment with rewarding alternatives that 

can compete with drug use and other addictive behaviors (Murphy et al., 2019; Vuchinich & 
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Heather, 2003). This broadened focus occurred in the HIV area a decade ago in recognition 

of how community, social, and physical environmental features influence HIV risk and 

protective behaviors and outcomes of risk reduction interventions (Latkin et al., 2013). 

Considering individual and broader contextual factors beyond the treatment experience is 

firmly aligned with research from medical sociology, public health, and health economics 

that demonstrates the robust influence of SDOH on many health and behavioral health 

disorders. Understanding how SDOH operate within and across levels to influence health 

behaviors is considered essential to improve health status and reduce health disparities and 

inequities.

Although incipient, research on addictive and other health-compromising behaviors has 

found associations with community, built environment, and policy variables in addition to 

individual determinants. For example, communities with lower socioeconomic status (SES) 

experience more consequences from alcohol consumption (Roche et al., 2015; Grittner et 

al., 2012), even though higher SES communities consume more alcohol (Galea et al., 2007; 

Grittner et al., 2013). Lower SES communities have higher alcohol outlet densities, which 

is associated with greater consumption and negative consequences (Trangenstein, 2020). 

Further, deficits in alternative reinforcement are longitudinal mediators of the association 

between socioeconomic disparities and adolescent substance use (Lee et al., 2018), and 

diminished access to social, occupational, and economic rewards are predictors of U.S. 

drug-related deaths (Monnat, 2018). Similar neighborhood-level factors related to obesity 

have been found. Lower SES neighborhoods are less likely to have opportunities to engage 

in physical activity due to limited access to safe parks, sidewalks, and public transit and 

are more likely to be situated in a food desert, making it difficult to access healthy nutrient-

dense foods (Beaulac et al., 2009).

SDOH have also been associated with recovery from addictive disorders. Participants 

receiving community-based alcohol treatment were less likely to achieve remission six 

months after treatment if they lived in areas with greater socioeconomic disadvantage and 

housing instability (Peacock et al., 2018). Both individual and community SDOH variables 

predicted alcohol recovery profiles 3-years post-treatment among participants in the multi-

site COMBINE study (Swan et al., 2021). Individual SDOH, such as lower education and 

income, and community SDOH, such as lower rates of health insurance, lower income, and 

greater income inequality, predicted lower functioning profiles. Similarly, a meta-analysis 

(Bull et al., 2014) of evidence-based interventions for diet, physical activity, and smoking 

among individuals of lower income showed that while interventions had positive effects, 

the effect sizes were small and smaller than what is generally found among wealthier 

populations. Thus, there is a need to consider SDOH when developing interventions to 

promote long-term health behavior change.

Finally, policy applications support the utility of behavioral economics to guide prevention 

programs. The Icelandic Prevention Model, a policy initiative aligned with behavioral 

economic emphasis on enriching the environment with drug-free rewards, was implemented 

nationwide in Iceland over 20-years to reduce youth substance use (Kristjansson et al., 

2020). Guided by sociology/criminology deviance theories that prioritize environments, 

primary prevention, and infrastructure building, the community-based Iceland Prevention 
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Model emphasizes long-term intervention and altering social environments at the 

neighborhood level in ways that reduce the likelihood that young people will initiate and 

subsequently maintain substance use. The approach has been highly effective based on 

population survey data collection within individual local schools: From 1998 to 2020, being 

drunk in the past month dropped from 42% to 6%, daily smoking dropped from 23% to 2%, 

and lifetime cannabis use dropped from 17% to 7% among 10th grade students.

Most U.S. policy initiatives to promote healthy eating are largely information-based and not 

guided by theory, although two methods are aligned with behavioral economics and choice 

architecture approaches (Thaler & Sunstein, 2009; Tucker et al., 2017): (1) incentives/price 

manipulation-based policies, and (2) offering healthful choice options as the default option 

(Cory et al., 2021). Enacting a sugary drink tax is an example of the former, and early data 

suggest that this decreases sugary beverage consumption and increases water consumption 

in low-income neighborhoods; e.g., Falbe et al. (2016) found that post-tax enactment, sugary 

beverage consumption decreased 21% and water consumption increased 63% in the target 

community, whereas sugary beverage consumption increased 4% and water consumption 

increased 19% in comparison control communities. Regulating what restaurants serve as 

their default beverages in children’s meals is an example of the latter (e.g., serving water as 

the default rather than a sugary drink; Voices for Healthy Kids Action Center, 2019). Policy 

research suggests that these approaches increase purchases of healthful items and decrease 

purchases of less healthy items (e.g., soda, fries; Anzman-Frasca et al., 2015; Peters et al., 

2016). For example, in 2006 Walt Disney World restaurants replaced the default options for 

a side and beverage in children’s meals from french fries and a soda to vegetable and fruit 

selections and low-fat milk, water, and juice. Based on sales data over 3 years, the healthy 

defaults reduced calories (21.4%), fat (43.9%), and sodium (43.4%) for kids’ meal sides 

and beverages compared to the original default condition, and 48% of side item and 66% of 

beverage purchases were healthy options (Peters et al., 2016).

These findings concerning broader community and policy effects highlight the value of 

expanding the scope of contextual variables to include consideration of multiple levels of the 

socioecological model. Disciplines other than psychology offer sound schemes to define 

and measure broader contextual variables, and behavioral economics offers conceptual 

and empirical guidance about their selection, organization, and implementation to promote 

positive change.

Conclusions

Efficient cause analysis grounded in the psychometric measurement tradition has dominated 

applied research, and concern with rate variables underpinning molar behaviorism and 

a final cause analysis are underdeveloped. Although both traditions have facilitated 

understanding of addictive behaviors, we argue that advances will come through systematic 

clarification in individual studies of how the methods and temporal units of analysis used 

serve an efficient or final cause analysis. Limiting research to identifying efficient causes 

either based on attributes within the person or the immediate context surrounding a discrete 

episode does not capture the broader temporal patterning that is a fundamental quality of 

addictive behaviors.
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How such behaviors emerge from the totality of available activities and commodities, 

how they are maintained, and how they resolve over time as environmental circumstances 

change are essential questions posed by a molar behavioral analysis that contribute to 

the identification of final causes. Efficient cause analysis may be sufficient to account 

for individual occurrences of addictive behavior, but on its own cannot address these 

questions that are central to understanding and changing addictive behaviors. Broadening 

research and theory to include both kinds of analysis and clarifying the scope of research 

questions addressed hold promise for advancing understanding of addictive behaviors and 

are consistent with the socioecological model of health behavior that encompasses individual 

determinants of behavior and broader contextual features that often operate over longer 

temporal intervals.
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Public Health Statement

Addictive behaviors are dynamic patterns spread over time and occur within broader 

dynamic environmental contexts. Research to date, however, has tended to focus on 

identifying the causes of addictive behavior either based on attributes within the person 

or the immediate context surrounding a discrete episode, in contrast to investigating 

how addictive behavior patterns emerge, are maintained, and remit over time as 

environmental circumstances change. Broadening research and theory to include both 

kinds of analysis holds promise for advancing understanding of the controlling variables 

of addictive behavior and is consistent with a socioecological model of health behavior 

that encompasses analysis of individual determinants of behavior and considers broader 

contextual features (e.g., social determinants of health) that often operate over longer 

temporal intervals.
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