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Millions of people suffer from substance use disorders (SUDs) and billions of dollars are spent

for research and treatment on this [1]. SUDs refer to the use of substances leading to signifi-

cant impairment or distress. Despite many research efforts, a consensual concept covering the

nature of SUDs is lacking and the effectiveness of cognitive-behavioral interventions is often

small [2], with evidence for their value as an add-ons to pharmacotherapy being mixed [3].

Here, I argue that this is due to a myopia of what addiction reflects in its core–a self-initiated
action that is persistently pursued. Regardless of the specific SUD, everything that leads to

addiction starts with a single action (e.g., lighting a cigarette). Importantly, at the time of this

first action, current explanations of addictions are not applicable (e.g., reinforcement learning

concepts, reward concepts, biopsychosocial models etc.) as they rest on mechanisms that

explain (addictive) behaviours once they are established and the first rewarding experience has

been made. So, the elephant in the room is not why addictive behaviour is maintained, but

why a self-initiated action is commenced that can ultimately lead to an addiction? It is well-

known that substances themselves directly contribute to physical dependence. However, what

also needs to be prioritized in research is why addictions sometimes emerge. In other words:

(i) Why are people trying things that can lead to addiction? (ii) Does an answer to that question
provide alternative views on the strategy of interventions? Attempts to answer these questions

require a shift in research priorities and substance policies as well as less stigmatising societal

views and media portrayals of addiction. This necessitates in shift in the conceptual starting

point to frame SUDs.

Current foci of addiction research deal with aspects when the first major step towards an

addiction has already been taken. This is at least partly explained by the fact that treatments

are mostly commenced once detrimental effects of addiction are evident. A cognitive science

framing of human action could help to avoid such problems is ideomotor theory. Ideomotor

theory [4] explains how agents establish links between perception and action. While this the-

ory is discussed in other fields of research, it is mostly neglected in the field of addiction. How-

ever, I propose that it has much to offer for addiction research as it assumes that an

anticipation of a perceptual action effect is fundamental to initiating an action. Only thereafter,

actions can become associated with specific thoughts or stimuli, leading to more readily occur-

ring, potentially rewarding actions. Ideomotor theory suggests that bodily movements (includ-

ing goal-directed actions) can be influenced by thoughts, ideas, or mental imagery without
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conscious awareness. When a person entertains a thought, it can trigger automatic, involun-

tary actions related to that thought. In other words, ideomotor theory assumes that actions are

represented by their effects and any effect image, either endogenously or exogenously, will trig-

ger the corresponding action. Unlike concepts dominating addiction research, ideomotor con-

cepts can frame why a first action, ultimately leading to addiction, is commenced. Yet, another

aspect of ideomotor concepts is even more radical concerning addictions: ideomotor concepts

discard binary dimensions of controlled behaviour implying that there is some form of beha-

vioural automaticity [5]. Many lines of evidence driven by ideomotor theory show that this

dichotomy of thinking is ill-defined [5, 6] and that approaches to use the criterion of reward

sensitivity and rationality to differentiate between controlled and automatic action are not via-

ble [6]. Nevertheless, the dichotomy of controlled and automated processes is influencial in

addiction research [7, 8] and the conceptual backbone of behavioural interventions [9]. Gener-

ally, a common theme in the clinician’s view of addictions is that controlled processes must be

strengthened in people with SUD to regain control over drug intake–especially when drug use

is chronic. However, this is questionable from a cognitive science (ideomotor) perspective and

given psychiatry’s definition of SUDs. According to the American Psychiatric Association,

“People with SUD have an intense focus on using a certain substance(s), to the point where the

person’s ability to function in day-to-day life becomes impaired. People keep using the sub-

stance even when they know it is causing or will cause problems”. Thus, there is no generalized

lack of control or willpower in SUDs. It is a matter of the severity. The critical point is that

before an addiction becomes “uncontrollable” in late stages, there is a choice to engage with a

behavior in the anticipation of an effect (cf. ideomotor principle). Initially, when SUDs are less

severe, pursuing actions may reflect over-functioning willpower/control. Therefore, trying to

increase control in SUDs is like fighting the devil with the Beelzebub- one is further increasing

brain functions that are causing addictive behaviour maintenance. This, however, is still the

nowadays goal of treatment efforts towards abstinence. Current interventions aim to train

individuals to develop alternative behaviors that overcome the urges to use substances. This

training of an alternative action/behavior is shaped by the mindset that there is some (auto-

mated) behavior that needs to be replaced through engaging control. An ideomotor shift in

perspective offers a radically different view on addiction and on approaches for treatment:

Specifically, one should not try to induce abstinence. This would require dissociation from

an anticipated action effect, which evidence suggests is difficult to achieve and of limited suc-

cess [2, 10]. Rather, one should actively use the abilities of people with addiction and train

them to achieve the goal of addictive behaviours in healthier and legal ways. Central for ideo-

motor concepts is that actions are executed if there is an expected sensory effect [4]. The latter

is broadly defined and includes anticipated changes in the neural activity profile [11]. Central

neurophysiological mechanisms underlying ideomotor principles [12] are also altered in

addiction [13]. This knowledge offers the opportunity to re-channel abilities in a healthier

way, training people to induce brain states that mimic the effects of a substance. In substance

abuse, it is often the side-effect of the drug causing detrimental physical health effects. These

side-effects do not usually prevent further usage. It is the anticipation of desirable effects,

which influence substance intake and is thus a central ideomotor principle. A critical step to

therefore take in research is how to read the brain’s response to a substance’ effects and use

this to train users to induce this brain state without taking the substance. Evidence has shown

that ideomotor principles are likely governed by a specific set of neurophysiological oscillatory

dynamics and their interplay [12]. These ideomotor principles should also be evident regard-

ing the anticipation of drug effects. Thus, one approach could be to make use of these princi-

ples in AI-powered brain-computer interfacing and decoding devices/technologies [14] to

train people to induce a “high” without the substance. Through this, the ability and persistence
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of affected individuals is re-channeled in a different way and the negative (somatic) effects of

addiction-related mechanisms are avoided. Perverting addiction-related mechanisms through

brain decoding in this way takes advantage of the abilities of people with addictions, which will

have at least two major consequences:

i. It changes the motivation of people to commence and adhere to addiction treatments

because the position of the individual is more positive and treatment principles are not

working against the ability of individuals to persistently follow goal-directed behavior.

ii. It considerably changes societal views on addiction and bears the potential to change

policy.

From the ideomotor perspective, addictive behaviour is not different from other behav-

iours that conform to societal conventions. It is not the goal that people intend to achieve

that is problematic, but the path to it (i.e., substance use). There are other forms of addictive

behaviours which are more positively viewed; for example, workaholism or extensive exer-

cise. Both reflect instances of addictions, which, leverage a societal benefit by driving eco-

nomic growth. What makes these “accepted addictions” different from “stigmatized

addictions” like SUDs? From a purely ideomotor perspective they are different in the means

but not in their goal pursued with the addictive manifestation. Should drug policy therefore

intend to prohibit people from inducing action-effects? Probably not. Should drug policy

prevent people from having devastating effects coming with action effects? Definitely yes.

Yet, the differentiation of “means” and “effects” is not evident in addiction research and is a

consequence of widely neglecting basic cognitive science concepts on how actions are

formed. Through the advent of AI-based neurotechnology enabling ‘brain decoding of

thoughts’ there is a chance to reshape how addiction research and treatments could be con-

ducted. If one considers people with addiction as having the ability to readily build and sus-

tain anticipated action effects, it makes more sense to recognize their ideomotor potential

before it leads to problematic behaviour. Earlier interventions would need to identify people

at risk of developing stable action-effect contingencies as defined by ideomotor theory.

Through the use of neurophysiological principles in AI-powered brain-computer interfacing

technologies, people could then be trained to induce their desired effects that are otherwise

achieved by drug-intake.

Such an ideomotor shift in concepts allows a more nuanced approach to the socially rele-

vant question of what addictions are, how they emerge, how they should be treated and

viewed by society. At present, scientific efforts and policymaking are driven by a view in

which addiction is foremost viewed as a moral failing or a lack of willpower. This is stigma-

tizing and fueled by biased (social) media contributions. This problematic view in society

could be reduced by a radical ideomotor shift about when to intervene with people prone to

developing addictive behaviors and use their ideomotor abilities to re-channel the way they

achieve their desired states. Current drug policies manifest stigmatization: Therefore, con-

cepts must guide us from a deficit-oriented to an ability-oriented view. The ideomotor shift

in perspective outlined above would help to achieve this through changes in treatment, pol-

icy and societal views.

Author Contributions

Conceptualization: Christian Beste.

Funding acquisition: Christian Beste.

Project administration: Christian Beste.

PLOS MENTAL HEALTH

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000030 June 4, 2024 3 / 4

https://doi.org/10.1371/journal.pmen.0000030


Resources: Christian Beste.

Writing – original draft: Christian Beste.

Writing – review & editing: Christian Beste.

References
1. Casal B, Storti CC, Morgan D. Expenditure on the treatment of drug and alcohol disorders in hospitals:

How much and what explains it? International Journal of Drug Policy. 2020; 79: 102750. https://doi.org/

10.1016/j.drugpo.2020.102750 PMID: 32339887

2. Mehta K, Hoadley A, Ray LA, Kiluk BD, Carroll KM, Magill M. Cognitive-Behavioral Interventions Target-

ing Alcohol or Other Drug Use and Co-Occurring Mental Health Disorders: A Meta-Analysis. Alcohol

and Alcoholism. 2021; 56: 535–544. https://doi.org/10.1093/alcalc/agab016 PMID: 33778869

3. Ray LA, Meredith LR, Kiluk BD, Walthers J, Carroll KM, Magill M. Combined Pharmacotherapy and

Cognitive Behavioral Therapy for Adults With Alcohol or Substance Use Disorders: A Systematic

Review and Meta-analysis. JAMA Netw Open. 2020; 3: e208279. https://doi.org/10.1001/

jamanetworkopen.2020.8279 PMID: 32558914

4. Shin YK, Proctor RW, Capaldi EJ. A review of contemporary ideomotor theory. Psychological Bulletin.

2010; 136: 943–974. https://doi.org/10.1037/a0020541 PMID: 20822210

5. Hommel B. Binary Theorizing Does Not Account for Action Control. Front Psychol. 2019; 10: 2542.

https://doi.org/10.3389/fpsyg.2019.02542 PMID: 31798503

6. Hommel B, Wiers RW. Towards a Unitary Approach to Human Action Control. Trends Cogn Sci (Regul

Ed). 2017; 21: 940–949. https://doi.org/10.1016/j.tics.2017.09.009 PMID: 29150000

7. Heinz A, Kiefer F, Smolka MN, Endrass T, Beste C, Beck A, et al. Addiction Research Consortium: Los-

ing and regaining control over drug intake (ReCoDe)-From trajectories to mechanisms and interven-

tions. Addict Biol. 2020; 25: e12866. https://doi.org/10.1111/adb.12866 PMID: 31859437

8. Koob GF, Volkow ND. Neurocircuitry of Addiction. Neuropsychopharmacol. 2010; 35: 217–238. https://

doi.org/10.1038/npp.2009.110 PMID: 19710631

9. Kiluk BD, Carroll KM. New Developments in Behavioral Treatments for Substance Use Disorders. Curr

Psychiatry Rep. 2013; 15: 420. https://doi.org/10.1007/s11920-013-0420-1 PMID: 24173656

10. Lappan SN, Brown AW, Hendricks PS. Dropout rates of in-person psychosocial substance use disorder

treatments: a systematic review and meta-analysis. Addiction. 2020; 115: 201–217. https://doi.org/10.

1111/add.14793 PMID: 31454123

11. Dignath D, Kiesel A, Frings C, Pastötter B. Electrophysiological evidence for action-effect prediction. J

Exp Psychol Gen. 2020; 149: 1148–1155. https://doi.org/10.1037/xge0000707 PMID: 31750715

12. Beste C, Münchau A, Frings C. Towards a systematization of brain oscillatory activity in actions. Com-

mun Biol. 2023; 6: 137. https://doi.org/10.1038/s42003-023-04531-9 PMID: 36732548

13. McLoughlin G, Gyurkovics M, Palmer J, Makeig S. Midfrontal Theta Activity in Psychiatric Illness: An

Index of Cognitive Vulnerabilities Across Disorders. Biological Psychiatry. 2022; 91: 173–182. https://

doi.org/10.1016/j.biopsych.2021.08.020 PMID: 34756560

14. Tang J, LeBel A, Jain S, Huth AG. Semantic reconstruction of continuous language from non-invasive

brain recordings. Nat Neurosci. 2023; 26: 858–866. https://doi.org/10.1038/s41593-023-01304-9 PMID:

37127759

PLOS MENTAL HEALTH

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000030 June 4, 2024 4 / 4

https://doi.org/10.1016/j.drugpo.2020.102750
https://doi.org/10.1016/j.drugpo.2020.102750
http://www.ncbi.nlm.nih.gov/pubmed/32339887
https://doi.org/10.1093/alcalc/agab016
http://www.ncbi.nlm.nih.gov/pubmed/33778869
https://doi.org/10.1001/jamanetworkopen.2020.8279
https://doi.org/10.1001/jamanetworkopen.2020.8279
http://www.ncbi.nlm.nih.gov/pubmed/32558914
https://doi.org/10.1037/a0020541
http://www.ncbi.nlm.nih.gov/pubmed/20822210
https://doi.org/10.3389/fpsyg.2019.02542
http://www.ncbi.nlm.nih.gov/pubmed/31798503
https://doi.org/10.1016/j.tics.2017.09.009
http://www.ncbi.nlm.nih.gov/pubmed/29150000
https://doi.org/10.1111/adb.12866
http://www.ncbi.nlm.nih.gov/pubmed/31859437
https://doi.org/10.1038/npp.2009.110
https://doi.org/10.1038/npp.2009.110
http://www.ncbi.nlm.nih.gov/pubmed/19710631
https://doi.org/10.1007/s11920-013-0420-1
http://www.ncbi.nlm.nih.gov/pubmed/24173656
https://doi.org/10.1111/add.14793
https://doi.org/10.1111/add.14793
http://www.ncbi.nlm.nih.gov/pubmed/31454123
https://doi.org/10.1037/xge0000707
http://www.ncbi.nlm.nih.gov/pubmed/31750715
https://doi.org/10.1038/s42003-023-04531-9
http://www.ncbi.nlm.nih.gov/pubmed/36732548
https://doi.org/10.1016/j.biopsych.2021.08.020
https://doi.org/10.1016/j.biopsych.2021.08.020
http://www.ncbi.nlm.nih.gov/pubmed/34756560
https://doi.org/10.1038/s41593-023-01304-9
http://www.ncbi.nlm.nih.gov/pubmed/37127759
https://doi.org/10.1371/journal.pmen.0000030

