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Abstract The current paper presents a novel approach
to understanding and treating addiction. Drawing from
work in behavioral economics and developments in the
new field of neuroeconomics, we describe addiction as
pathological patterns of responding resulting from the
persistently high valuation of a reinforcer and/or an excessive
preference for the immediate consumption of that reinforcer.
We further suggest that, as indicated by the competing
neurobehavioral decision systems theory, these patterns of
pathological choice and consumption result from an
imbalance between two distinct neurobehavioral systems.
Specifically, pathological patterns of responding result
from hyperactivity in the evolutionarily older impulsive
system (which values immediate and low-cost rein-
forcers) and/or hypoactivity in the more recently evolved
executive system (which is involved in the valuation of
delayed reinforcers). This approach is then used to explain
five phenomena that we believe any adequate theory of
addiction must address.
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“Science is facts; just as houses are made of stone, so is science made
of facts; but a pile of stones is not a house, and a collection of facts is
not necessarily science.”

Jules Henri Poincaré

“About thirty years ago there was much talk that geologists ought only
to observe and not theorize; and I well remember someone saying that
at this rate a man might well go into a gravel-pit and count the pebbles
and describe the colours. How odd it is that anyone should not see that
all observation must be for or against some view to be of any service.”

Charles Darwin (1861), letter to Henry Fawcett

Introduction

The above two quotes suggest that science requires a dynamic,
interdependent dance between data and theory. Either one
alone leaves much to be desired. A theory without facts may
only be wishful thinking, while facts without a theory may
only be similar to Poincaré’s pile of stones. The strong
interplay of data and theory would be useful in the study of
addiction. The field on occasion has collected facts and
proposed theories that have been orthogonal to each other.
One research domain in which that interplay of data and
theory has made substantial contributions has been the
application of economics to the phenomena of addiction.
First, behavioral economics, the integration of concepts from
psychology and economics, has provided important data
about how addiction is behaviorally expressed. It has shown
that addicts demonstrate extreme valuation of their addictive
reinforcer and preference for receiving it in the short term. We
refer to these patterns of reinforcer consumption as reinforcer
pathology. Second, neuroeconomics, the integration of
neuroscience, psychology, and economics, has provided a
new conceptual model of addictive behavior that explains
reinforcer pathology and provides novel insights into the
etiology and treatment of addiction.
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The overall purpose of this paper is to elucidate this
concept of reinforcer pathology as it pertains to addiction.
More specifically, we first fully elucidate the two general
features of reinforcer pathology as they are empirically
observed in addiction. Note that in the process of explicating
the notion of reinforcer pathology, we do not systematically
review or explicate the concepts of behavioral economics, as
they are available elsewhere [1°¢], and that is beyond the
scope and space limitations of this paper. Rather we only use
those concepts that help explain the findings of studies that
we think illuminate the concept of reinforcer pathology.
Second, we explain a theory derived from the emerging field
of neuroeconomics that provides an explanation of reinforcer
pathology. Third and before concluding, we explore how this
new theory can handle some of the cardinal aspects of
addiction that we would expect an effective theory of
addiction to address.

Two General Characteristics of Reinforcer Pathology

Reinforcer pathology, as we define it, refers to the presence of
two distinct but likely interacting repertoires that tend to be at
the extremes of the distribution of behaviors. More specifi-
cally, we define reinforcer pathologies as resulting from 1) the
persistently high valuation of a reinforcer, broadly defined to
include tangible commodities and experiences; and/or 2) the
excessive preference for the immediate acquisition or con-
sumption of a commodity despite long-term negative out-
comes [1°]. Prototypical examples of reinforcer pathology
include overconsumption of food and drugs either legal
(e.g., cigarettes or alcohol) or illegal (e.g., cocaine or heroin).
These two features of reinforcer pathology are assessed via
procedures derived from behavioral economics [2, 3].
Research on the first feature of reinforcer pathology,
persistently high valuation of a reinforcer, uses the
sophisticated quantitative concepts and procedures of 1)
own-price elasticity of demand, and 2) cross-price elasticity
of demand. Own-price elasticity of demand refers to the
sensitivity of a person’s consumption of a commodity
(reinforcer) to the price of the commodity [4—6]. Procedur-
ally, participants are allowed to consume, or hypothetically
purchase, as much of a commodity as they choose at a
given price. Typically, the effects of a variety of prices on
consumption are measured, and from those effects, sensi-
tivity of consumption to price can be discerned. This can
indicate the extent to which the person values the
commodity. If sensitivity to price is very limited (i.e.,
amount of consumption declines little in the face of rising
prices, or is highly defended), then this could reflect a
pathological valuation of the commodity. Cross-price
elasticity of demand refers to the impact of changes in the
price of one commodity on the consumption of another

fixed-price commodity [7-9]. These interactions can result
in substitution, in which the increases in price of one
commodity (e.g., one brand of cola) increase the consump-
tion of the other commodity (e.g., consumption of another
brand of cola increases), or can result in a complementary
interaction in which the increase in the price of one
commodity (e.g., soup) decreases the consumption of
another commodity (e.g., soup crackers). In addictions,
some treatments are based on substitution (e.g., nicotine
patch and cigarettes), or some patterns of pathological
consumption can be related to complementary interactions
(e.g., concurrent use of cocaine and alcohol).

The second feature of reinforcer pathology is studied in
research on delay discounting, which refers to the observa-
tion that the value of rewards decreases as a function of
delay until the time of their receipt. People intuitively
understand this notion, as nearly anybody will choose to
receive $1,000 now rather than 1 year from now; that is, the
immediate amount has greater value and is selected because
the later amount is discounted. To measure the precise
extent of discounting entails varying the immediate amount
until preference shifts from the immediate to the later
constant amount. Thus, for example, when the immediate
amount is reduced to $800, if the choice then shifts from
the immediate to $1,000 option available 1 month later, we
could infer that this participant discounts a $1,000 reward
by 20% in 1 month. If we repeat this process across a
variety of time frames, we will obtain a function describing
discounting across time. The empirical results suggest that
discounting is hyperbolic in form and that discounting rates
may vary across individuals or commodities. As we review
below, addicts excessively discount the future, and this
contributes to their pathology.

Demand and Reinforcer Pathology

Studies of reinforcer consumption as a function of price (i.e.,
analysis of demand) have revealed important and sometimes
nuanced relationships between elasticity of demand and
consumption of pathological reinforcers. Saelens and Epstein
[10] studied obese and nonobese women and found that
consumption of food in the obese group was relatively more
reinforcing compared with the nonobese group. The
reinforcing-value-of-food measure also predicted the greater
energy intake in the experiment by the obese group
compared with the nonobese group. This predictive relation-
ship was confirmed in a study by Epstein et al. [11]. In that
study, the hedonic ratings of different foods were also
studied, and reinforcing value was found to be a better
predictor of food intake than the hedonic ratings [12].

In our view, excessively high valuation of a given
reinforcer and severity of reinforcer pathology are both
defined by lack of diminution of consumption of the
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reinforcer with increases in the price of the reinforcer.
Notably, individuals suffering from reinforcer pathologies
typically show this insensitivity of consumption to price
changes (i.e., demand inelasticity) for the substances that
they abuse, but not for nonpathological reinforcers. For
example, Johnson and Bickel [6] studied participants’
consumption of cigarette puffs versus monetary reinforcers.
As shown in Fig. 1, smokers’ consumption of cigarette
puffs was considerably less elastic (less price sensitive) than
either of the monetary reinforcers [9, 13, 14] These findings
highlight the pathological valuation of addictive—but not
nonaddictive—substances and show that price increases
have differential effects on consumption of reinforcers that
differ in levels of pathological severity.

Discounting and Reinforcer Pathology

The science of delay discounting has been applied to the
understanding of reinforcer pathology in general, and
addiction in particular, and results generally suggest that
the rate of delay discounting predicts several important
behavioral patterns regarding pathological reinforcers. One
category of results in delay discounting research bears upon
the external validity of other research in the field and should
be considered first. The most commonly used procedures pose
to human participants several series of choice trials. In each
trial, they select between two alternatives that are both
hypothetical outcomes (participants know they will not
actually receive any of their chosen alternatives). The use of
hypothetical amounts makes it practical for the experiments to
assess the discounting of rewards consisting of commodities
(e.g., illicit drugs) and in large amounts (e.g., worth $1,000)
typical of the real world, outside the experimental laboratory.

Cigarettes & $0.05

Indeed, delay discounting studies commonly use human
participants and are not constrained by these factors because
they use hypothetical rewards. However, do delay discounting
rates determined from choices between hypothetical reward
amounts have a scientifically valid relation to discounting rates
for rewards that when chosen are actually received? This issue
has been explored, and the answer is affirmative. Some studies
compared two types of procedures: 1) those in which all choice
alternatives are hypothetical rewards, and 2) those in which the
participant will receive a selection he or she makes in a single
choice trial randomly selected from all choice trials in the
procedure (a “potentially real rewards” procedure). The
participant should in theory treat all choice trials as if they
involve real rewards, as they cannot predict which choice is not
hypothetical. In these studies, the assessed discounting rates
from procedures using all hypothetical rewards were compa-
rable to those from the potentially real procedures [15-20].
Moreover, Lagorio and Madden [21] used a procedure with
these different conditions: 1) participants chose between
immediate or delayed rewards that were all hypothetical;
and 2) participants chose between alternatives that were all
real, consumable rewards to be delivered immediately or after
a delay. Lagorio and Madden [21] found no systematic effect
of reward type (real or hypothetical). The results across these
studies have led to the conclusion that assessment of delay
discounting using hypothetical rewards is a practical proce-
dure that yields valid data [15-21].

Research using delay discounting assessment procedures
has determined that individuals who suffer from reinforce-
ment pathologies discount delayed rewards more than
matched controls. Figure 2 (top graph) is an illustration of
this. It shows that opioid-dependent individuals discount
hypothetical money more than community, nondependent,
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Fig. 1 Demand data for cigarette pufls (solid circles) and monetary
awards (open circles) plotted on the same graph. Note the double-
logarithmic axes. Consumption (self-administrations) is plotted as a
function of price (fixed ratio [FR], schedule requirement). For the /efi
panel, the monetary award amount self-administered per each
reinforcer that was earned by completing an FR schedule requirement
was $0.05. For the right panel, this amount was $0.25. The same
cigarette puff data are plotted in the left and right panels. Greater
elasticity of demand for the monetary award reinforcers compared
with the cigarette puff reinforcers is illustrated by the more precipitous
decline in consumption of the monetary award reinforcers to zero in
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spite of the greater consumption of those reinforcers at lower prices.
The duplication of the cigarette puffs curve in both panels serves as a
common frame of reference that reveals a greater elasticity of demand
for the $0.05 reinforcers than for the $0.25 reinforcers. This illustrates
the comparatively greater reinforcer value of the $0.25 reinforcers and
the greater extent to which that reinforcing commodity might be
described as pathological. (From Johnson MW, Bickel WK: Replacing
relative reinforcing efficacy with behavioral economic demand curves.
J Exp Anal Behav 2006, 85, 73-93. Copyright 2006 by the Society for
the Experimental Analysis of Behavior, Inc.)
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Fig. 2 Median indifference points from hypothetical choices between
large delayed and small immediate heroin and monetary rewards. The top
graph shows data from opioid-dependent and control participants’
choices between monetary rewards. The bottom graph shows data from
opioid-dependent participants’ choices between monetary rewards and
between heroin amounts. The indifference points reflect the present
value of larger, more delayed rewards (i.e., the value of delayed rewards
stated in immediate-reward units). So that heroin and monetary rewards
could be compared on a common axis, the vertical axis shows the
percentage of the large delayed reward. Higher discounting rates are
characterized by steeper overall slopes and closer proximity of the fitted
curve to the axes. The fop graph illustrates a greater discounting rate for
monetary rewards by opioid-dependent participants than controls. The
bottom graph illustrates a greater discounting rate for heroin rewards
than for monetary rewards by opioid-dependent participants. (From
Madden GJ, Petry NM, Badger GJ, Bickel WK: Impulsive and self-
control choices in opioid-dependent patients and non-drug-using
control participants: drug and monetary rewards. Experimental and
Clinical Psychopharmacology 1997, 5, 256-262. Published by the
American Psychological Association. Reprinted with permission.)

matched controls. This result has been found for opioid-
dependent individuals [22, 32]; obese women [23]; patho-
logical gamblers [24, 25]; and individuals addicted to
cocaine [26, 27], alcohol [28, 29], and cigarettes [15, 18,
30]. Furthermore, evidence suggests that severity of rein-
forcer pathology is positively related to rates of discounting.

Vuchinich and Simpson [29] observed this association in
alcohol users, Bickel and colleagues [18, 30] observed it
across groups of individuals with different levels of cigarette
smoking activity, and Alessi and Petry [24] found it across
groups assessed to have different levels of the pathological
gambling malady. Although individuals’ rates of discounting
for various commodities appear to be correlated [27, 31],
evidence also suggests that those affected by reinforcement
pathologies discount their pathological reinforcer to a greater
extent than they discount other commodities. This can be
seen in Fig. 2 (lower panel), in which opioid addicts are
discounting a hypothetical reward of $1,000 worth of heroin
at a faster rate than a hypothetical $1,000 monetary reward.
This conclusion has been suggested by comparisons of
discounting rates for drugs versus money conducted with
participants who were opioid dependent [22, 32], cocaine
dependent [26], and nicotine dependent [15, 30].

Interactions Between Demand and Discounting Approaches

Going forward, the recognition of the related nature of the two
scientific approaches to reinforcer pathology should prompt
studies and conceptualizations that integrate the two
approaches [3]. The theoretical nexus of these two
approaches derives from the notion of substitutes, as noted
earlier. The elasticity of demand (sensitivity of consumption
to price) is determined in part by the availability of
substitutes. For instance, an individual might choose to not
buy one commodity at a higher price if he or she can get a
substitute elsewhere at a lower price. Such substitution would
result in greater elasticity of demand for the first commodity.
One source of substitution is intertemporal (e.g., the individ-
ual might not choose to purchase a commodity today at a
higher price if he knows he can get it next week at a lower
price). Now, if the consumer of a commodity excessively
discounts the future, then this would functionally decrease the
availability of intertemporal substitutes, which in turn should
result in less price sensitivity. This synergistic interaction
between these two processes may drive the price insensitivity
to a point that characterizes reinforcer pathology. This
interplay between immediate reinforcers and their potential
substitutes merits exploration via the use of measures of
demand and discounting in the same study. For example,
MacKillop et al. [34] obtained measures of alcohol
demand and discounting rates for delayed rewards among
their sample of heavy drinkers. They found that the
measures of demand intensity (a particular demand
analysis measure) and delay discounting were correlated.
MacKillop and Tidey [31] also used measures from both
approaches in a study of nicotine dependence among
schizophrenics. They determined that demand measures
distinguished schizophrenics from controls, while delay
discounting rates did not. In contrast, Rollins et al. [35] found
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that the relative reinforcing value of food predicted ad
libitum eating in high discounters, but not low discounters.
These studies are examples of methodologically closing the
gap between the two approaches to reinforcement pathology,
and only additional data will suggest whether the theoretical
relationship outlined above is empirically supported.

The Competing Neurobehavioral Decision Systems
Theory

During the past 20 years, major technological advances
have refined the tools available to neuroscientists. Harness-
ing these tools, neuroscientists have ventured into new
research areas, expanding our understanding of many
phenomena. For example, the development of functional
MRI has enabled the precise measurement of brain activity
as humans perform experimental tasks [36].

These refined methods in part birthed neuroeconomics, a
discipline that melds the concepts and tools of economics,
psychology, and neuroscience to explore the neural sub-
strates of economic choices [37]. Neuroeconomic data may
be central to understanding the choices made by individuals
suffering from reinforcement pathologies. For example,
McClure and colleagues [33, 38] found that when partic-
ipants completed delay discounting tasks, choices for the
smaller, more immediate reinforcer were associated with
relatively high levels of activation in parts of the limbic
system (e.g., paralimbic cortex), whereas choices for the
larger, later reinforcer were associated with relatively
high levels of activation in parts of the prefrontal cortex
(e.g., lateral prefrontal cortex, posterior parietal cortex).

These findings [33, 38] further enabled the development
of the competing neurobehavioral decision systems theory
(hereafter referred to as competing decision systems [lee,
40, 41, 41+¢]). The competing decision systems view posits
that choices between immediate and delayed reinforcers are
related to the regulatory balance of activation in two neural
systems. The evolutionarily older impulsive system, which
consists of portions of the limbic and paralimbic areas, is
primarily involved in the valuation of immediate rewards.
In contrast, the more recently developed executive system,
which consists of portions of the prefrontal cortices, is
involved in the consideration of the future and the selection
of delayed rewards. The most straightforward and widely
studied manifestation of these competing decision systems
has involved performance on delay discounting tasks [16,
33, 38, 42, 43] (reviewed in [44]); however, demand also
appears to be associated with activation in the impulsive
system [45]. According to the competing decision systems
view, the rate that an individual discounts delayed rewards
reflects the relative strength of these two systems. Thus, the
patterns of responding associated with reinforcer pathol-
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ogies (e.g., drug addiction [lee, 41, 44]) are related to
a hyperactive impulsive and/or a hypoactive executive
system.

Support for the Competing Decision Systems Theory
Evidence of the Impulsive System's Role in Valuation

Data suggest that a hyperactive impulsive system is
involved in the pathological valuation of immediate and/
or low-cost reinforcers. Like McClure et al. [33, 38],
several studies have found that activation in the impulsive
system is associated with the valuation of reinforcers [16,
42, 43, 46, 47], and that this activation is diminished as
reinforcers are delayed [42, 43]. A similar pattern of
activation is seen for low- versus high-cost reinforcers.
For example, Croxson and colleagues [45] found more
activation in the impulsive system when participants were
presented with cues indicating that they would earn
reinforcers at a lower unit price than at a higher unit price.

Evidence of the Executive System's Role in Valuation

A convergence of multiple types of evidence suggests that a
hypoactive executive system is involved in pathological
reinforcer choice. First, also like McClure and colleagues
[33, 38], functional neuroimaging studies have found that
the valuation of delayed reinforcers is related to activity in
the executive system [46, 47]. Second, like decisions
between immediate and delayed reinforcers, decisions
between reinforcers available at different costs result in
elevated levels of activation in the executive system [48,
49]. Third, the executive systems of individuals suffering
from reinforcer pathologies such as drug addiction typically
have lower cortical volume and gray matter density than do
controls [50, 51]. Finally, lesions in the executive system
result in substantial impairments in decision making, such
as the inability to change future behavior based on the
negative feedback provided for previous behavior [52].

Manipulation of Competing Decision Systems

The competing decision systems theory is further supported
by studies that experimentally manipulate activity in these
brain regions. For example, subjective reports of drug
craving are associated with elevated levels of activation of
the impulsive system [53]. Not surprisingly, opioid addicts
discount delayed reinforcers at higher rates during periods
of deprivation than when they have had access to
buprenorphine [54]. Thus, the elevated impulsive system
activation associated with deprivation disrupts the balance
between these competing decision systems, resulting in
elevated rates of discounting.
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Manipulating the executive system can have similar
effects on delay discounting rates. For example, Hinson and
colleagues [55] found that discounting rates were higher
when study participants were required to concurrently
complete a working memory task. Thus, an executive
system taxed through its concurrent use in other tasks
ineffectively competes with the impulsive system, resulting
in elevated rates of discounting.

Types of Dysregulation

Individuals are at risk of developing reinforcer pathologies
whenever the strength of the impulsive system exceeds that
of the executive system [41e¢], as illustrated by the shaded
regions of Fig. 3. There are, however, several ways that the
executive and impulsive systems can be out of regulatory
balance. For example, an individual with a weak executive
and a weak impulsive system (upper left corner) runs the
same risk of developing reinforcer pathologies as an
individual with a strong executive and a strong impulsive
system (lower right corner). The specifics of these types of
dysregulation, however, suggest different courses of action.
Specifically, the individual with weak executive and
impulsive systems would benefit from strengthening the
executive system [56°¢], whereas weakening the impulsive
system may be more beneficial for the individual with
strong executive and impulsive systems.

Critiques of the Competing Decision Systems View

Some researchers disagree with the competing decision
systems view [42, 43, 57], contending that the impul-
sive system values all reinforcers, immediate or delayed.
For example, Kable and Glimcher [42] had 12 individ-
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Fig. 3 Potential interactions between differing strengths of the
impulsive and executive decision systems. Note that the shaded area
indicates the risk of addiction. (From Bickel WK, Mueller ET,
Jarmolowicz DP: What is addiction? In Addictions: A Comprehensive
Guidebook, Second Edition. Edited by McCrady B, Epstein E. 2011
(in press) Copyright 2011 by and by permission of Oxford University
Press, Inc. [http://www.oup.com].)

uals complete three 1-hour delay discounting sessions
wherein the individuals made a series of choices between
responding to receive a variable but specified amount of
money (i.e., $20.25-$110.00) at a variable but specified delay
(i.e., 180 s—6 h), or omitting a response to receive $20
immediately. The 10 individuals who demonstrated stable
rates of discounting during these initial sessions then
participated in a functional MRI session wherein they
completed the same behavioral task. They found that
activation in the impulsive system tracked reinforcer value at
all delays but found little support for the executive system.
These findings were replicated in a follow-up study [43] that
measured brain activation as 22 participants (4 of whom
came from the previous experiment [42]) completed a
modified version of the behavioral task that required them
to choose actively between immediate or delayed rewards
[43]. The studies by Kable and Glimcher [42, 43], however,
entailed procedural choices that may have obscured the
influence of the executive system. In their first study, only
the delayed option was presented, leaving participants to
indicate if they were willing to forgo the implicit immediate
amount (i.e., $20) in favor of the delayed amount [42].
This may have lessened the influence of the executive
system by discouraging the consideration of the value of
each reward. Furthermore, only participants who exhibited
stable discounting participated in the imaging component
of the study. Because stable responding may be somewhat
automatic, this procedural choice may have underplayed
the role of the executive system. Their follow-up paper
[43] not only used stable discounters but also selectively
invited the participants with the highest discounting rates
during the previous study [42] to participate. Consistent
with the competing decision systems theory, the executive
system had little influence on these individuals’ high rates
of discounting.

New Theory and Addiction

Several persistent questions remain in the study of addiction.
Any effective theory of addiction should answer the following
questions [41ee, 58, 59]:

1. Why are some commodities addictive, whereas others
are not?

2. Why do people who excessively use addictive substances
have difficulty reducing their use or becoming abstinent
even though they recognize that their addiction is
problematic?

3. Why does addiction follow a predictable developmental
course consisting of an increase in the consumption of
addictive commodities during adolescence and a decrease
as individuals age (commonly called maturing out)?
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4. Why does addiction tend to commonly co-occur with a
range of other unhealthy behaviors?
5. Does this theory directly inform effective treatment?

Bickel and colleagues [41¢] maintain that any theory that
cannot explain all these observations in addiction is
incomplete. The competing decision systems theory answers
all the above questions. First, reinforcers with high addiction
potential generally have a rapid onset of effects and a short
time to peak effect [1ee, 41e]. These sorts of reinforcers
typically result in high levels of activation in the impulsive
decision system and its associated brain regions [60].

Second, individuals suffering from drug addiction tend
to continue their excessive use of harmful substances
despite the recognition of problematic consequences. The
competing decisions system view posits that this occurs
because of an ongoing disruption in the regulatory balance
between the executive and impulsive systems. Specifically,
the relatively strong impulsive decision system drives
continued consumption, whereas the relatively weak exec-
utive system fails to value deferred outcomes associated
with abstinence. This perspective is supported by studies
showing that excessive discounting among smokers pre-
dicts relapse in a laboratory setting [61] and poorer
response in smoking cessation treatment [62], and also by
studies that demonstrate that cognitive deficits among
cocaine addicts predict treatment attrition [63].

Third, the competing decision systems view accounts for
the developmental course observed in addiction wherein
individuals typically try drugs in their teens and often
“mature out” of drug abuse as they get older. Specifically,
the impulsive system matures in the early- to mid-teens,
whereas the executive system does not typically reach full
maturity until the mid-20s [64]. Consistent with this uneven
development in these brain systems, discounting rates tend
to be higher in adolescence than in early-adulthood.
Because elevated discounting rates are associated with drug
abuse [15, 22, 25-30, 32], it is not surprising that many
individuals first try drugs during this vulnerable period
[65]. Conversely, the tendency of individuals to stop using
drugs as they get older (i.e., mature out) is consistent with
the observed age-related decline in impulsive system
function [66] and the tendency of discounting rates to
decrease as individuals age [67].

Fourth, the competing decision systems theory explains
why individuals suffering from one addiction often suffer
from other forms of reinforcement pathology (i.e., gam-
bling [25]). The Shaffer et al. [68] syndrome model of
addiction posits that like other syndromes, addictions are a
manifestation of an abnormal underlying condition. Hence,
pathological consumption of multiple problematic rein-
forcers (i.e., comorbidities) is due to this underlying
condition. The competing decision systems theory holds
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that this abnormal underlying condition is an imbalance
between the executive and impulsive systems. Similarly,
Bickel and Mueller [69] suggested that excessive discount-
ing represents a trans-disease process (i.e., a process
operates across multiple disorders [e.g., addictions], making
findings from one disorder relevant to other disorders),
rendering pathological consumption of various addictive
reinforcers as manifestations of this trans-disease process.
According to the competing decision systems viewpoint,
this underlying process is a disruption in the regulatory
balance between the executive and impulsive systems.

Lastly, Bickel and colleagues [56] recently published
preliminary evidence suggesting that the competing deci-
sions system theory may be a robust theory of addiction,
particularly with respect to how the theory may directly
inform therapeutic approaches. Specifically, they examined
efforts to improve aspects of the executive system among
the addicted. In this study, stimulant addicts receiving
treatment at a local facility were randomly assigned to
receive active working memory training or control training.
Delay discounting rates were assessed before and after
working memory training. The interesting results of this
study included significant decreases in delay discounting in
the group that received active working memory training,
but no significant changes in delay discounting in the group
that received control training. In addition, the findings
report a negative correlation between discounting rates and
performance scores on the memory training measures.
From the viewpoint of the competing decisions systems
theory, these preliminary findings are encouraging in terms
of identifying and testing new therapeutic approaches.

The above findings suggest an innovative intervention for
changing the valuation of delayed reinforcers. This was the
first study to report that neurocognitive training of working
memory yielded significant decreases in delay discounting.
Higher discounting rates reliably observed when addicts are
compared to matched control individuals fit with the
hypothesis that addiction is the result of hypoactive executive
and hyperactive impulsive systems. Furthermore, this new
finding that decreased delay discounting was observed only
after active working memory training is consistent with the
notion of an increase in the relative activation of the executive
function system. These results, however, must be interpreted
with caution given the preliminary nature of the above study;
future studies examining the impact of neurocognitive
training on substance use outcomes will prove informative.

The reinforcement pathologies resulting from dysregu-
lation in the competing decision systems can predict
treatment outcomes and may inform new therapeutic
approaches. Consistent with the notion that rates of delay
discounting reflect the regulation of the executive and
impulsive systems [1ee, 39—41ee, 44], discounting rates are
predictive of treatment outcomes [11, 62, 63, 70, 71]. For
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example, low rates of discounting predict higher rates of
success in substance abuse treatment programs [62, 63] as
well as engagement in treatment program activities such as
voucher redemption [70]. Conversely, excessive discount-
ing is predictive of unhealthy behavioral patterns such as
relapse [71]. Similarly, demand for a given reinforcer can also
predict the consumption of that reinforcer. For example,
demand for food predicts the amount that participants will eat
when given free access to food [11]. Thus, just as
pathological discounting of delayed reinforcers predicts
unhealthy choices, pathological valuation of reinforcers also
predicts consumption of these reinforcers.

As noted above, a recent study found that these two
aspects of reinforcement pathology interact to predict
responding. Rollins et al. [35] found that their participants’
motivation to eat, as measured by demand for edible
reinforcers, interacted with their rate of discounting to
predict the amount of food that they would eat on an ad
libitum eating task. Specifically, demand for edible rein-
forcers predicted the amount of food that high discounters
would eat when given free access to food, but not
participants who discounted at a lower rate. This study
represents an interesting step toward integrating the study
of these two aspects of reinforcement pathology.

Conclusions

In this review, we have shown how behavioral economics and
neuroeconomics have contributed to a new conceptual—
empirical understanding of addiction. We reviewed how
behavioral economics has identified important empirical
features of addictive behavior that we term reinforcement
pathologies. More specifically, we reviewed the two constit-
uent processes of reinforcement pathology: 1) the persistent
high valuation of a commodity or substance, and 2) the
preference for the immediate acquisition and/or consumption
of that commodity despite long-term negative outcomes [1¢°].
Additionally, on the basis of our economic understanding of
these two processes, we expect that they act in a way that
may be synergistic, and perpetuate addictive features. The
notion of reinforcer pathologies provides a means to organize
and illustrate commonalities across addictions that may
demonstrate the importance of trans-disease processes [69].
We also showed how neuroeconomics has provided an
understanding of the conceptual model that underlies the
behavior associated with reinforcer pathology. That model,
referred to as the competing neurobehavioral decision systems
approach, provides an understanding of addiction that allows
it to address and account for at least five features of addiction
that we would expect any conceptual or theoretical model to
address. Moreover, by suggesting an important role of a
hypoactive executive decision system in addiction, it has

suggested a new approach to the treatment of addiction:
executive function therapy. The first limited exploration of
that approach conducted with working memory training has
suggested that such training can result in greater valuation of
the future. Additional findings will be necessary to replicate
and extend those observations, but perhaps the most
important test of the utility of this approach is related to
treatment. Can the use of these new procedures truly enhance
the outcomes associated with the treatment of addiction? If
so, then the utility of this new approach will be supported.
Answering this and many other important questions will
permit a deeper understanding of the significance and power
of behavioral economics and neuroeconomics for addiction
and could suggest that they have an important role in the
prevention and treatment of reinforcement pathologies.
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