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Since its introduction by Thomas Kuhn over 60 years ago [1], the concept of ‘paradigm shift’ has 

become one of the most overused in our vocabulary, both lay and scientific. During my time in 

the field of addiction studies, there have been several innovations that have been proclaimed 

to be paradigm shifts in the scientific explanation of addiction but which have turned out to be 

no such thing, either absorbed into the existing mainstream or overtaken by other 

developments. Kuhn’s main examples of paradigm shifts from the history of science are the 

renaissance transition from a geocentric to a heliocentric view of the universe and the 

replacement of Newtonian by Einsteinian physics at the beginning of the 20th Century  - high 

standards to aspire to for anyone wishing to announce a paradigm shift for addiction science! 

Nevertheless, I do believe that a profound change in the scientific understanding of addiction is 

currently taking place in our field and my main objective in here is to summarize the nature of 

this transformation and why it has occurred. I am not concerned here to argue definitively, one 

way or the other, whether this change qualifies as a paradigm shift in Kuhn’s sense; I suggest it 

rather as an interesting possibility for readers to consider and which may be helpful in thinking 

about the current state of addiction science.  

The puzzle of addiction    

In order to compare and evaluate competing accounts of addiction, it is first necessary to clarify 

what is the central puzzle of addiction that any satisfactory theory must seek to explain. I 

suggest, and many would agree, that this is the fact that people called ‘addicts’ persist in 

behaving in ways they know cause harm to themselves and often to others. (Hereafter I will 

refer to addicts without the quotation marks but the reader should nevertheless be aware that 

I continue to mean ‘those who have been diagnosed or labelled in some other way as addicts’.) 

Note that this does not refer merely to behavior that others believe to be causing harm; it is 

essential to a proper conceptualization of addiction that the individual in question is seen as 

recognizing that their behavior is harmful and, moreover, wishing on frequent occasions to do 

something about it. It follows that people suffering from what we call addiction try often to 

change their behavior but fail to do so. While we know that many do eventually succeed in 

changing without professional help [2], it is because of this difficulty that many others seek 

help, either from formal treatment or mutual aid organizations; they wish to change their 
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behavior but are unable to achieve this change by themselves and seek assistance to do so. 

(This characterization of addiction applies as much to so-called behavioral addictions, like 

‘compulsive’ gambling, gaming etc., as to conventional substance addictions, but that is another 

story.)  

But how can it be that someone persists in behaving in a way they know is doing them harm? If 

one knows that behaving in a certain way is harmful and causes pain and distress, why does 

one not simply desist?  The fact that some people do not desist under these circumstances is 

the essential irrationality of addiction. It may also be called the puzzle of addiction [3] that any 

scientific account must attempt to solve.  

Normal science: addiction as disease  

Assuming that a paradigm shift is underway, what is the nature of, in Kuhn’s term, the ’normal 

science’ that is under threat. It is, in broad terms, scientific activity based on the assumption 

that addiction is a disease or, more precisely, that addictive behavior – repetitive drug seeking 

and drug consumption despite awareness of adverse consequences - is a symptom of an 

underlying disease. As is now well known, the idea that addiction is a disease arose around the 

end of the 18th and beginning of the 19th Century specifically in relation to alcohol [4]. ‘Habitual 

drunkenness’ was portrayed as a ‘disease of the will’ which rendered the individual powerless 

to resist drinking. This concept of powerlessness was later transferred to opiates and thence to 

other substances and activities during the 20th Century. Thus, the general answer provided by 

the disease paradigm to the puzzle of addiction is that addicts continue to engage in addictive 

behavior despite their awareness of adverse consequences because they are compelled to do 

so; they cannot choose to refrain from damaging behavior because, unlike those not suffering 

from the disease of addiction, they have no choice in the matter.  

In more recent times, the disease concept of addiction has taken on a particular form based on 

the rapid advance at the end of the 20th Century of neuroscience as a scientific discipline. This 

is, of course, the brain disease model of addiction (BDMA), vigorously promoted by the National 

Institute of Drug Abuse in the USA [5]. Since the 1990s when it was first advanced, the BDMA 

has come to dominate scientific, professional and policy discourse on addiction, especially in 
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the USA but to varying extents in other countries of the world too. There is no question that it 

represents the dominant and ‘normal’ paradigm for the study of addiction in world science [6].  

In relation to the puzzle of addiction, however, no matter how theoretically sophisticated and 

technically advanced it has become, the BDMA continues to rely on the notion of compulsion. 

When the exact nature of this modern, neurobiological view of compulsion is examined more 

closely, it appears to vary among different versions of the brain disease model and to be 

somewhat confused, particularly in relation to whether some automatic process is involved or 

whether it is the old-fashioned notion of ‘irresistible desire’ that is key to compulsion [7]. But 

whatever specific version of compulsion is considered, and whatever nuances it might convey, 

the answer to the puzzle of addiction offered by the BDMA is that addicts are compelled to 

behave as they do.   

The anomaly: addictive behavior is voluntary and intentional 

According to Kuhn [1], scientific revolutions occur when periods of paradigm-regulated normal 

science are disrupted by a novel finding, one which cannot be predicted from within the 

existing paradigm or be made to find a place within it. Preoccupation with these anomalies, as 

Kuhn calls them, lead to a state of crisis in which the technical, puzzle-solving activity of normal 

science breaks down and is replaced by a re-examination, often involving considerable 

acrimony, of the fundamental assumptions that have up to then been in force.  The response of 

the scientific community is invariably one of polarization, with some defending the old 

paradigm and others urging its replacement by the new one. In time, the outlines of the new 

paradigm emerge and the scientific discipline in question enters its next normal period.    

If this description applies to what is now happening in addiction science, what is the crucial 

anomaly that subverts the old paradigm and will eventually lead to its downfall? In this case, it 

is not a single finding but rather a collection of findings that have the same overall implication: 

that addictive behavior, rather than being automatic, compelled, involuntary or ‘against the 

will’, is in fact voluntary and goal-directed, intentional behavior. The first powerful evidence for 

this conclusion goes back to a considerable body of experimental evidence collected during the 

1960s and 1970s showing that the drinking of even the most chronic and severe individuals 
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diagnosed as alcohol addicts was operant behavior, i.e., behavior that is shaped by its 

consequences [7]. The particular reinforcement contingencies applying to the drinking behavior 

of diagnosed alcohol addicts obviously show marked differences from those applying to people 

not so diagnosed, but what these findings clearly demonstrate is that, rather than being 

qualitatively different and ‘compelled’, alcohol addicts' drinking behavior follows the same 

general laws that govern goal-directed behavior of any kind. The same conclusion can be drawn 

more recently from experiments with crack cocaine addicts recruited from the general 

community [8] and from research on nicotine addiction [7].    

Moving from the experimental laboratory to the real world of treatment for addictive 

disorders, the most efficacious method of treatment according to a meta-analysis of a large 

number of randomized controlled trials [9] is contingency management (CM), a procedure in 

which an alternative behavior to substance use is rewarded in a systematic fashion, with a 

resulting decline in substance use. This evidence further supports the conclusion that addictive 

behavior is operant behavior largely dependent on its consequences. Studies of CM programs 

with physicians, airline pilots and other professional groups have reported remarkably 

successful results, but similarly high rates of recovery have been obtained among less privileged 

groups [10], increasing the generality of the conclusion that addictive behavior is an operant. 

There is a range of other types of evidence that is consistent with and strengthens the 

conclusion that addictive behavior is operant, and thus voluntary and intentional, behavior 

[7,11]. Perhaps most convincing are results from a follow-up of veterans of the Vietnam War 

and, although these results are now well-known, they are worth rehearsing here. Towards the 

end of the war, the US government became alarmed about reports that a large proportion of 

American servicemen in Vietnam were addicted to heroin or other drugs. A team of researchers 

was commissioned to interview a large sample of men in Vietnam to determine the extent and 

characteristics of their drug use, and then to follow them up on their return to the US after 

discharge in 1971. Against all expectations, the great majority had simply ‘given up’ addiction. 

In the first year after return, only 5% of those who had been addicted in Vietnam were addicted 

in the US; and despite reports of withdrawal symptoms, 88% had not resumed regular use of 

opiates at a three-year follow-up. This did not occur because drugs were unavailable after their 
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return home; interviewees reported that they knew how to obtain heroin and some had 

occasionally, but not regularly, used [12]. This evidence is of course inconsistent with the idea 

that addictive behavior is the result of compulsion or with any the notion that it is the 

expression of an underlying disease, including a brain disease.  

As stated, evidence from the Vietnam veterans’ follow-up is now well-known, certainly by most 

scientists and professionals in the addiction field. The same is true to some extent of the other 

types of evidence that are inconsistent with the assumption that addiction is a disease based on 

compulsion. So what is the response to this evidence of those who support the disease theory 

and the BDMA in particular? Unfortunately, it is simply to ignore it and carry on as though it 

never existed. If it is true that a paradigm shift is occurring in addiction science, they will not be 

able to ignore this evidence forever.  

The new paradigm 

Assuming again that it is helpful to think in these terms, what is the nature of the new paradigm 

that will replace the disease paradigm of addiction? Since the putative new paradigm is, by 

definition, only emerging, it is impossible to be precise about all its features. However, it is 

already clear that expressions of the new paradigm are to be found in what is frequently called 

the choice perspective on addiction [13].  

The label of ‘choice’ clearly derives from the demonstration, as we have seen, that addictive 

behavior is voluntary and intentional, since that is what we mean when we say that behavior 

represents a choice. But there is an obvious problem here. How does regarding addictive 

behavior as a choice address the puzzle of addiction? If not by compulsion, how can it be 

explained, under this new perspective on addiction, that people choose to do what they know 

to be harmful to them? One kind of response to this question is simply to deny the puzzle of 

addiction and insist that addictive behavior signifies a simple choice, no different in nature from 

the ordinary, everyday choices we make all the time [14]. This is not the position taken here. 

Rather, crucial to the validity of any new way of explaining addiction is the assumption that 

addiction is a disorder of voluntary and intentional behavior – or, in other words, a disorder of 

choice [15].  
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The exact nature of this disorder is perhaps the first problem to be addressed by conceptual 

analysis and investigation under the new paradigm, and only a few passing comments can be 

made here. One possibility is that it is a disorder of choice over time or, in other words, a kind 

of failure to make consistent choices over time. Although people called addicts respond to 

incentives and are free to choose to engage or not engage in addictive behavior at any one 

time, their autonomy is impaired when their pattern of choices is considered over time [16]. 

From this perspective, rather than compulsion, the hallmark of addiction is inconsistency, 

ambivalence, vacillation and conflict [17]. More generally, perhaps the leading explanatory 

perspective on addiction under the new paradigm will derive from the discipline of behavioral 

economics [18,19]. Aside from behavioral economics, an alternative way of explaining addiction 

is the biased choice model proposed by Verschure and Wiers [20]. There are indeed many 

accounts of addiction in the existing literature that may be classified as variations of the 

disordered choice approach, and that eschew the BDMA and the idea of compulsion. To 

attempt to cover them here would go beyond the aims of this article but some may be found in 

a book edited by colleagues and myself [21].   

One more important point should be made before moving on. In addition to the implications of 

the evidence summarized above that addictive behavior is voluntary and intentional, a 

damaging criticism of the BDMA and disease theory of addiction in general is that it ignores 

economic, social and cultural variables – economic and cultural poverty, lack of social capital, 

high levels of drug availability, absence of opportunities for alternative rewards, etc. – in 

addiction [22]. Supporters of the BMDA often mention social factors in their defense of the 

model [23], but this is merely to point to factors that affect the expression of an underlying 

disease, in much the same way that ignorance and prejudice might be said to affect the 

observed expression of epilepsy. But the criticism of the BDMA at issue goes further than this 

by maintaining that socio-economic and cultural variables are implicated in the causes of the 

disorder - as much as, and in systematic interaction with, neurobiological factors [24].    

The added relevance of this to the present discussion is that it is only by regarding addictive 

behavior as voluntary and intentional that socio-economic and cultural causation can come into 

play in our explanations of it. If it were an automatic, compulsive phenomenon, it is difficult to 
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see how addictive behavior could by influenced by economic, social and cultural factors; once it 

is seen as voluntarily chosen, it can immediately be understood as subject to influence by social 

norms, learned expectations, cultural traditions etc.. This enormously extends the range of 

potential causative factors that have to be considered in a novel understanding of addiction 

beyond the disease tradition.  (For clarity, it should be noted that it is not being suggested here 

that automatic processes play no part in addiction; drug cravings and urges, for example, are 

automatic in origin. But cravings and urges do not lead inevitably to drug seeking and use 

without the intervention of psychological, social and cultural variables that, it is argued here, 

must be taken into account in any satisfactory theory of addiction.)     

But what about changes to the brain? 

An objection to the possibility of a paradigm shift for addiction can be anticipated. This is the 

belief that addiction must be a brain disease because of evidence from neuroimaging (fMRI or 

PET) that addiction is brought about by the prolonged effects of drug consumption on the 

brain. It follows that other kinds of evidence, including that which might suggest the need for a 

paradigm shift, are subordinate to this crucial observation because this proves that addiction is 

a brain disease. This ‘proof’ is frequently accepted by members of the general public and by 

many practitioners and scientists in the addiction field as well. We shall see, however, that it is 

unfounded.  

It should be noted that there are considerable methodological problems associated with the 

neuroimaging research in question. These include lack of replication of findings, small sample 

sizes and low statistical power, inappropriate selection of control groups, failure to control for 

pre-existing differences between experimental and control groups, questionable interpretation 

of results, and lack of demonstrated relationships between neurological and 

cognitive/behavioural measures [25,26]. However, for the sake of this argument, let us leave 

these objections aside and assume that existing research has demonstrated reliable and valid 

differences between brain structure or function in addicts and non-addicts.   

The first important question is whether these differences can be interpreted as indicating the 

cause of addictive behavior. For this inference to be made, it is obviously necessary that a 
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relationship between brain changes and behavior can be demonstrated to exist over time. 

Unfortunately for this causal hypothesis, however, nearly all the existing neuroimaging 

evidence refers only to a single point in time; the brains of addicts are compared with those of 

non-addicts on a single occasion but not thereafter.  Even stout defenders of the BDMA like 

Heilig et al. [27] conclude that “none of the brain imaging findings are sufficiently specific to 

distinguish between addiction and its absence, and ….. are typically obtained in cross-sectional 

studies that can at best establish correlative rather than causal links” (p.5).  As might be 

expected, Heilig and colleagues believe that improvements in brain imaging techniques will 

eventually be able to distinguish between addiction and its absence, and that such differences 

will eventually be shown to have causal significance. Be that as it may, it would be helpful if 

scientists who share this suitably cautious interpretation of current evidence from 

neuroimaging studies would inform the general public, and some of their scientific colleagues 

too, that proof that addiction is a brain disease is not yet available (and possibly may never be).  

But let us assume, again for the sake of this argument, that some causal link between changes 

in the brains of addicts and observed addictive behavior has been demonstrated. Does this 

make addiction unequivocally a brain disease? A clear demonstration that changes to the brain 

need not betoken brain disease comes from a famous study of the brains of London taxi-drivers 

[28]. To qualify as a taxi-driver in London, one must acquire 'The Knowledge' of tens of 

thousands of streets in the city and their layouts. Eleanor Maguire and her colleagues analyzed 

structural MRIs of the brains of licensed taxi drivers and compared them to those of control 

subjects who did not drive taxis. Their main finding was that the posterior hippocampi of taxi 

drivers were significantly larger than those of the controls. (The posterior hippocampus is 

known to be the area of the brain responsible for storing a spatial representation of the 

environment.) Hippocampal volume was correlated with the amount of time spent as a taxi 

driver. The investigators concluded that “… there is a capacity for local plastic change in the 

structure of the healthy adult human brain in response to environmental demands” (p.4398). It 

may also be concluded that changes to the structure of the brain in themselves are insufficient 

grounds to warrant the attribution of brain disease (unless one wishes to regard acquisition of 
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‘The Knowledge’ as a disease!). Some other grounds in addition to demonstrated brain changes 

are necessary for the attribution of a brain disease.   

To return to addiction, Marc Lewis is a neuroscientist who accepts that repeated, long-term 

ingestion of psychoactive substances changes the brain but who contends that these changes 

reflect deep learning rather than neuropathology [29]. In any case, the crucial question here, as 

Heyman and Mims [30] point out, is not whether drugs change the brain but whether they 

change the brain so that drug use is no longer voluntary and intentional. In other words, it is 

the question whether evidence on brain changes in addiction from neuroimaging research 

solves the puzzle of addiction that was posed at the beginning of this article by demonstrating 

that those brain changes remove the possibility of choice and make drug seeking and use 

compulsive. According to Heyman and Mims, “To determine whether drug addicts are 

compulsive drug users, we need to know what influences drug use in those who meet agreed-

upon criteria for addiction. If the factors are similar to those that affect voluntary actions, then 

drug use in addicts remains voluntary, albeit irrational and self-destructive” (p. 389). 

A final point about neuroimaging evidence and neuroscience in general should be made before 

ending this topic. This is the frequently-encountered conflation of neuroscientific research on 

addiction with support for the BDMA. Conversely, it is the conflation of criticism of the BDMA 

with criticism of neuroscience itself. That the brain is the basis of all experience and behavior is 

a truism that no-one in their right mind could possibly deny. This does not mean, however, that 

any research demonstrating the role of neural mechanisms in addictive behavior has shown it 

to be a brain disease, nor that all criticisms of the BDMA are criticisms of neuroscientific 

research as a whole. To be as clear as possible, to criticize the BDMA and call for its 

replacement by an improved understanding of addiction does not itself imply a criticism of 

neuroscience nor an underestimation of its role in achieving a fuller understanding of the 

nature and causes of addiction and recovery from it. 

Implications for treatment and prevention 

It is difficult to anticipate clearly what changes to the treatment and prevention of addiction 

might occur after a paradigm shift but a few generalizations can be attempted.  First, there is 
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the point made by Wayne Hall and colleagues [31] that the BDMA has not helped to deliver 

more effective treatments for addiction, as had been promised, and that its effect on public 

policies on addiction has been modest at best. Hall et al. argue that the focus on the 

neurobiology of a minority of severely addicted individuals has undermined the implementation 

of effective and cost-effective population-level policies targeted, for example, at discouraging 

people from smoking tobacco and heavy alcohol consumption. They also question the pursuit 

of high technology interventions aimed directly at the brain when most people with addiction 

continue to lack access to psychosocial and drug treatments of proven effectiveness, such as 

contingency management, cognitive-behavioral therapy, motivational interviewing, nicotine 

replacement therapy and methadone maintenance. Thus the demise of the BDMA would 

redirect resources towards the dissemination of treatments that are known to work, as well as 

an increased investment in population preventive policies.  

The main practical advance in treatment anticipated by BDMA supporters is the development 

of new pharmacological substances and other invasive medical interventions to correct the 

alleged brain malfunction responsible for the brain disease. There is no question that 

pharmacotherapy has a role to play in addiction treatment, mainly by making possible a period 

of stability in which problems in relationships, accommodation, livelihood etc., may be 

addressed. But relying mainly on pharmacotherapy as the permanent solution to an addictive 

disorder leaves the self-regulation of behavior largely untouched. And, as already noted, 

responding to addiction as if it were a disease of the brain ignores social, environmental and 

cultural influences that must be addressed if lasting recovery is to be achieved. It also ignores 

and is unable to comprehend unique, human-level histories and individual differences which 

must be taken into account in the attempt to forge a new way of life and identity [32]. To 

employ what is perhaps another overused term, the BDMA dehumanizes addiction treatment. 

This is not to say that no current treatment is sensitive to the human level and or takes account 

of social/environmental circumstances; no doubt it does. But if the BDMA were to become ever 

more dominant, the fear is that these essential qualities of treatment will be further diluted in a 

preoccupation with biotechnical solutions. Treatment responsive to the possible paradigm 

change outlined here would avoid these deficiencies of treatment based on the BDMA.  
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There is also the charge that the disease concept of addiction and the treatment based on it 

have the effect of reducing addicts' chances of recovery by telling them that they are powerless 

to change without special help. Indeed, Peele [33] alleges that treatment founded on the idea 

that addiction is a chronic, relapsing brain disease, implying thereby the conceptual and 

treatment goal of eliminating choice in addiction and recovery, is “not only futile, but 

iatrogenic” (p.97). The future of treatment for addiction under a new paradigm would be 

centered on the opposite goal of encouraging choice and empowering people to change. There 

is much theory and research to support this argument. Efficacy expectancies, our belief in our 

ability to master a specific change in behavior, are the most important determinant of 

successful therapeutic and self-initiated change according to Bandura’s social learning theory - 

the dominant theory of behavior change during the second half of the 20th Century [33]. And 

increased self-efficacy is an essential component of Marlatt’s highly influential model of relapse 

prevention [35].  

It is also very relevant to this issue that, despite the fact that professionally-delivered addiction 

treatment is beneficial for many individuals, only a minority of those who recover from 

addiction-related problems actually receive it. Humphreys [36] refers to ‘the gatekeeper myth’ 

which says that recovery can only be achieved with the assistance of highly-educated specialists 

in addiction treatment. Evidence shows that this assertion is completely false, yet the myth 

continues to undermine individual efforts aimed at ‘natural recovery’ [37] and downplays the 

contributions of non-professional sources of help, e.g., mutual-aid groups, pastoral counselling 

and community-based contingency-management programs operated by the criminal justice 

system. The myth also creates unrealistic expectations about the effectiveness of formal 

treatment. These misconceptions would hopefully disappear under a new paradigm in which 

there would be a radical transformation in communications to the public about addiction, one 

where they are persuaded to believe that breaking free from addiction is possible and advised 

about how this can be successfully accomplished. 

As for primary prevention and public health, it follows from a recognition that the emergence 

of addictive behaviors is strongly influenced by environmental factors that, to prevent those 

behaviors from occurring, we can vary the environmental conditions in question. Behavioral 
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economics is again useful here. Jalie Tucker and colleagues [38] have explained how 

manipulations of ‘the architecture of choice’ can help people to make choices that are in their 

best interests. They maintain that choice architecture strategies implemented within healthcare 

systems and communities have greater potential for impact on the population than 

individually-based clinical treatments. Such strategies are entirely consistent with a new 

paradigm founded on the premise that addictive behavior reflects biased choices.  

Two misconceptions 

Before ending, it may be helpful to anticipate two important misconceptions about the 

characteristics of the possible paradigm shift that has been outlined here. The first is the idea 

that, by abandoning the disease model, a new paradigm would inevitably mean a return to a 

moral model in which people identified as addicts would be held responsible for their 

transgressions, and blamed and punished accordingly. This is quite untrue and is a canard often 

put about by those who find criticism of the disease model threatening to their interests. 

Perhaps the simplest rejoinder to this charge is simply to point out that the new paradigm 

would be a scientific account of addictive behavior, and that blame and punishment have no 

place in science. What would be at issue is the merits of an alternative scientific account of 

addiction, not a return to a prescientific mode of responding to it. Fortunately, in a recent 

defense of the BDMA, Heilig and colleagues [27} have conceded this point; they accept that 

researchers, scholars, and practitioners of good faith can reject the brain disease model and yet 

not regard addiction as a moral failing or weakness of character that should be subjected to 

blame and punishment.  

The second misconception is the notion that, when denying that addiction is best seen as a 

disease, it is somehow implied that the consequences of addiction are less serious than 

previously thought. (It seems that, in our current culture, there is an implicit connection 

between seeing a behavior as a disease and seeing its consequences as serious.)  Nothing could 

be further from the truth. There are no logical or empirical grounds whatever for concluding 

that, under a new paradigm in which its disease nature is rejected, addiction would be regarded 

as a less serious problem for the individual or for society at large [40]. All researchers and 

practitioners who might support a new paradigm would be fully aware of the sometimes tragic 
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consequences of addiction and the great difficulty often experienced in breaking free from it.  

Indeed, how those tragic consequences and that great difficulty in changing behavior can arise 

when addictive behavior is voluntary and intentional is precisely the great puzzle of addiction. 
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