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The role of memory in addiction: a commentary on Bornstein
and Pickard memory sampling theory
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Addiction is characterized by a failure to control drug use, despite
negative consequences. Initial drug use is typically voluntary and
driven by positive outcomes, such as high, euphoria, and social
belonging. With repeated use, however, the decision to consume
slips a person’s voluntary control. This is evident in two key
aspects of addiction. First, drug use continues in the face of
negative consequences, such as negative impacts on health,
ﬁnancial instability, and eroding social relationships. Second, there
is a high likelihood of relapse, that is, a sudden return to drug use
even after prolonged abstinence.
Models of choice behavior, such as reinforcement learning (RL),
have been proposed to account for the development of addiction.
According to RL, agents make choices that maximize reward, and
they learn to expect rewards incrementally through experience.
After each decision, the expected reward of the choice and its
associated cues is updated based on the difference between the
expected and received reward. In other words, what is learned and
used to guide choices is a running average of the expected reward.
In the case of addiction, a popular dogma is that initial positive
experiences with the drug increase the expected reward of drug
use and drug-related cues. Across time, its expected reward grows
more powerful, resulting in compulsive drug use. In addition, with
developing tolerance, drug use is further reinforced through
negative reinforcement, namely, consumption to terminate aversive states of withdrawal [1]. Whereas early stages of drug use are
well explained by RL, the phenomena of continued drug use
despite negative consequences and relapse after long periods of
abstinence are not. With persistent use, the drug’s positive effects
diminish due to tolerance, and its negative effects may increase.
RL predicts that when the drug provides less reward than
predicted, the negative outcomes should be integrated into the
running average, decreasing the expected reward of the drug and
ultimately extinguishing use. This is not what happens; drug use
typically continues, despite increasingly negative consequences.
Moreover, RL predicts that successful abstinence indicates that an
“unlearning” of drug-related cues and actions has occurred, and
that drug use should become increasingly unlikely following
longer periods of abstinence. Again, this is not what typically
happens; relapse, even after prolonged abstinence, is a prominent
feature of addiction. With standard RL accounts falling short in
accounting for these two key phenomena of addiction, alternative
models are needed. In this issue of Neuropsychopharmacology,
Bornstein and Pickard propose such a model [2].
In the authors’ memory sampling framework, a decision is
guided by selective sampling of individual memories relevant to

the decision, rather than by a running average of expected reward
[3]. The value of a choice option is evaluated in the moment,
based on a pseudo-random sample of memories of similar past
choice outcomes. The choice that an individual makes in the
present is thus largely driven by which past memories are being
sampled. Memories with similar cues or context as the current
situation are more likely to be sampled [4]. Bornstein & Pickard
suggest that memories of past positive drug experiences have a
particularly high likelihood of being sampled, compared with
more recent negative drug experiences. This is because initial
drug experiences are highly salient, increasing their chance of
being sampled. In addition, dopamine release induced by the
drug may enhance the strength of the encoded memories making
them more likely to be sampled. When sampled, these drugpositive memories bias the individual to choose the drug. The
simple assumption that choices are driven by individual memories
rather than by a running average helps to explain both continued
drug use despite negative consequences and relapse after long
periods of abstinence.
Bornstein and Pickard lay out how memory sampling is
implicated in drug use across four stages of addiction: early use,
persistent use, abstinence, and relapse. In each stage, the
individual encounters drug-related cues. During early use, the
cue becomes associated with positive drug experiences, and
becomes relevant to a positive drug “fantasy”, in which drug use is
associated with positive effects, such as increased conﬁdence,
sociability, and euphoric feelings. As the individual devolves into
persistent use, the encountered cues lead to the retrieval of
memories regarding early, positive drug experiences, and the drug
“fantasy”. Over time, persistent drug use leads to increasingly
negative consequences and diminishing rewarding outcomes,
leading the individual to seek treatment and attempt abstinence.
During treatment, medications may reduce the effects of drug
craving and withdrawal, and cognitive therapies may encourage
the individual to replace the drug “fantasy” with drug-inconsistent
goals and associations. These may include improved relationships
with family and friends, ﬁnancial success, or improved health and
longevity. At this stage, when the individual encounters drugrelated cues, they will retrieve early memories of positive drug
experiences, but also retrieve memories regarding these druginconsistent goals and associations. This is how the memory
sampling model can account for relapse after long periods of
abstinence.
In contrast to the RL account, in which the expected reward of
drug use should decrease in the face of negative experiences,
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positive drug memories in the sampling framework persist, and
may, at any time, be sampled to reinstate drug use. In line with
empirical evidence [5], the memory sampling model predicts that
relapse is particularly likely in the presence of drug-related cues,
single drug use, stress, or when drug-inconsistent goals seem out
of reach. This is because all these situations enhance the likelihood
that drug-positive memories are recalled over drug-inconsistent
memories, either by directly strengthening positive drug memories, by weakening positive, drug-inconsistent memories, or by
interfering with an individual’s ability to effectively suppress drugpositive memories. With drug-positive memories preferentially
sampled, the individual is more likely to consume the drug, and
relapse.
The memory sampling framework proposed by Bornstein and
Pickard does not only account for situations where the RL account
fails. It also makes predictions about which mechanisms should be
relevant for treatment success. For instance, cognitive therapy
should encourage avoiding drug-positive cues and contexts
where possible, alongside creating and strengthening positive,
drug-inconsistent memories. Practicing recall of drug-inconsistent
memories during therapy sessions may increase their likelihood of
being sampled over drug-positive memories. Recall of druginconsistent memories may be further facilitated by associating
them with personal reminders, such as photos, mementos, or
smells. These reminders may then be used in situations previously
associated with drug use to increase the likelihood of druginconsistent memories being sampled and outweighing memories
associated with the drug “fantasy”.
In conclusion, Bornstein and Pickard describe a novel framework that explains the early stages of drug use, as well as
continued use in the face of negative consequences and relapse.
Understanding addiction through the lens of memory sampling

may inspire novel therapeutic approaches aimed at biasing
memory sampling toward positive drug-inconsistent memories.
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