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ABSTRACT

This theoretical contribution focuses on the neurocognitive disorder of addiction as it is
one of the clinical disorders in which a deficit in decision-making has been most
Sfrequently explored in the neuroscientific literature. The decision-making deficit in
substance use disorders and bebavioral addictions, in particular gambling disorder and
internet gaming disorder, is here highlighted. There is currently no consensus or shared
understanding of how to assess decision-making given its complexity and close connection
to executive functions; therefore, without claiming to be exhaustive, three examples of
methodologies and studies showcasing potential approaches to assess decision-making
process in addictions have been proposed. Determining possible vulnerabilities in
decision-making processes can be important for identifying people who are more likely to
develop an addiction, as well as for treatment options, or may be less likely to adhere ro
addiction treatment.

Keywords: assessment; decision-making; addiction; substance use disorder; behavioral
addictions
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1. INTRODUCTION

When considering a condition in which there is an evident impairment at the
level of decision-making, it is possible to refer to the field of addiction, a
clinical neuropsychiatric disorder in which the decision-making deficit has been
widely explored in the neuroscientific literature. In fact, in substance use
disorders (SUDs) and behavioral addictions, (BAs) what is observed is an
inability to “make the right decision” or to maintain the determination (i.e.,
the decision) to “stop the addictive behavior”.

Traditional research on the neuropsychology of decision-making has
examined this deficiency at the level of decision-making in addictions with
cognitive laboratory tests (Bechara, 2005). Also, before it was suggested that
brain structure abnormalities in individuals with addictions could be related
not only to drug use but also to the predisposition of development addiction
disease(Makris, Gasic, et al., 2008). Recently, an impairment at the level of
decision-making process has been identified as both cause and consequence of
SUD (Verdejo-Garcia et al., 2018), and it has been consistently associated with
lower adherence to addiction treatment and relapse.

Indeed, it has been determined that the deficit at the level of decision-
making processes can be explained by the impairment of the neural bases that
support the individual’s executive functioning (Balconi & Campanella, 2021).
Executive functions are a family of high-order functions, encompassing
functions such as inhibitory control, cognitive flexibility, emotion regulation,
regulation of reward systems and the decision-making processes, that orchestrate the
capability of the individual to provide an appropriate goal-directed behavior to the
situation and contextual demands (Miller & Cohen, 2001).

Given these premises, it becomes evident how determining possible
discrepancies or vulnerabilities in decision-making processes may be important
for identifying individuals who are more likely to develop an addiction, as well
as for treatment options, such as for targeting patients that could benefit from
motivation-focused rehabilitation methods or could be less likely to adhere to
addiction treatment. Moreover, to provide a comprehensive effort-based
motivation and decision-making measure may be especially helpful to identify
patients with lack of motivation and decision-making vulnerabilities, that could
be at greater risk of relapse. Thus, it becomes critical to evaluate and address
these unique decision-making processes in patients with addiction to determine
their relative burden and clinical relevance.

With this in mind and without claiming to be exhaustive, the following
sections will describe the decision-making impairment in SUDs and BAs and
will provide examples of research lines that have attempted to evaluate decision-
making and executive functions impairment in addictions.
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2. DECISION-MAKING IMPAIRMENT IN SUBSTANCE USE DISORDERS (SUDS)

At the neurophysiological level, addiction researchers have frequently focused
on the prefrontal cortex (PFC) as a pivotal neural hub that supports executive
functions and neurocognitive processes (Goldstein & Volkow, 2011). Despite
the PFC’s deeply interconnected function, two separate PFC systems have been
linked to various subcomponents of the frontal functioning. The “cool”
executive functions network encompassing the anterior cingulate cortex (ACC),
lateral inferior cortex, and dorsolateral prefrontal cortex (DLPFC) that supports
working memory, inhibitory control, task switching, and conflict monitoring
(Badre et al., 2009; Koechlin et al., 2003), and the “hot” executive functions
network that comprehends the ventral, medial, and orbitofrontal structures
(VMPEC, OFC) and supports the valuation, emotion regulation, and decision-
making processes (all functions involved in reward/emotion-related aspects)
(Balconi et al., 2015b, 2015; Balconi & Finocchiaro, 2015; Bechara et al.,
2005; Peters & Biichel, 2010).

In patients with addiction, Makris and colleagues (2008) discovered a link
between the thinner PFC and poorer judgment and decision-making
ability(Makris, Oscar-berman, et al., 2008). Specifically, reductions in right
prefrontal activity during decision-making may reflect impaired working
memory, stimulus reward valuation, or cue reactivity in substance-dependent
individuals (Tanabe et al., 2007). In several recent studies, it has been
demonstrated that individuals with SUD showed a strong lateralization effect
in the dorsolateral portion of the PFC, which is involved during the decisional
process: individuals with SUDs displayed an increase of left hemisphere
activation in response to immediate reward choices, and this cortical unbalance
effect has been associated to the lower performance in the decision-making
petformance at the Iowa Gambling Task (IGT) (Balconi et al., 2015; Balconi,
Finocchiaro, & Campanella, 2014a, 2014; Balconi, Finocchiaro, & Canavesio, 2014;
Balconi & Finocchiaro, 2015; Finocchiaro & Balconi, 2017).

3. DECISION-MAKING IMPAIRMENT IN BEHAVIORAL ADDICTIONS (BAS)

With reference to BAs, interestingly, previous research has shown that the manifest
behavior of individuals with BAs on the IGT, in particular Gambling Disorder (GD),
is equivalent to that of patients with SUDs (Goudriaan et al., 2006).

Thus, identifying and elucidating the neural substrates that underlie decision
making deficit in these patients may elucidate the mechanisms that contribute to
continued high-risk behaviors in pathological gamblers (Balconi et al., 2015b). At
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least two underlying types of dysfunctions have been identified where reward
signals turn in favour of immediate outcomes in the case of decisions: (1)
hyperactivity in the emotional system, mediated by frontal and medial
structures such as the OFC, ACC and amygdala, which exaggerate the
rewarding impact of external reinforcers, and (2) hypoactivity in the prefrontal
cortex (such as left ventromedial areas, VMPFC, and mainly the DLPFC),
which predicts the long-term consequencesof a given action and that is a
critical component for working memory and executive processes. Damage or
dysfunctional conditions to either of these systems can alter the normal functioning of
the decisional processes in SUDs, but also in GD (Balconi et al., 2015b).

Besides, previous studies used the IGT, which notoriously offers an index
of the participant’s capacity to elaborate and determine likelihood of reward
and loss, with the aim of exploring decision making deficit and reward
mechanisms in individuals with Problematic Internet Use (PIU) (Ko et al.,
2010; Nikolaidou et al., 2016; Sun et al., 2009). Interestingly, contrasting
findings at the IGT were reported so far, perhaps due to differences in
methodology. The IGT overall performance of users with PIU was impaired
when matched with controls in Sun and colleagues’ work (Sun et al., 2009),
whereas Ko and colleagues observed that they performed better than controls
(Ko et al., 2010). Nikolaidou and colleagues (2016) reported higher skin
conductance responses in relation to trials with greater degree of penalty,
suggesting a higher sensitivity to loss and punishment and showing a difference
from other addiction profiles (Nikolaidou et al., 2016). Therefore, the question
of whether individuals with PIU share potential similarities in behavioral
decisionmaking abilities and neurophysiological functioning with other
addictions still remains open.

Also, a positive correlation between Internet Addiction Test scores and
IGT performance was identified, suggesting the ability of the PIU sample to
implement fruitful learning from reward and loss trials and, consequently,
preserved decision-making processes (Balconi & Angioletti, 2021). This result
goes in contrast with previous research showing impaired decision-making
processing in PIU (Balconi et al., 2017), and with research suggesting
similarities in behavioral decision-making abilities and neurophysiological
functioning with other addictions.

However, in line with previous evidence suggesting preserved decision-
making and sensitivity to punishment in PIU (Balconi et al., 2018; Sun et al.,
2009), a recent study compared the IGT performance of individuals with
gambling disorder with a PIU clinical sample and control subjects. Despite
both patient groups performed worse at the IGT than healthy controls,
Internet Gaming Disorder patients performed poorer only at the beginning of
the task (Wolfling et al., 2020). This last finding implies that, though both
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groups of patients tended to process information more spontaneously when
facing a rewarding condition, the monetary dysfunctional effect mainly
occurred in gambling patients, while IGD patients, in contrast, tended to shift
toward more adaptive decision-making strategies (Wolfling et al., 2020). Such
study adds to the literature suggesting preserved decision-making processes (at
least the behavioral level) in PIU (Balconi & Angioletti, 2021).

Although the evidence related to decision-making processes in individuals
with PIU showed a halfway profile between the preserved function and a
pathological condition, this mechanism is still understudied and research on
larger clinical PIU samples are needed.

4. HOW TO ASSESS THE DECISION-MAKING IMPAIRMENT IN ADDICTIONS?
4.1 Assessing the stages of dysfunctional decision-making

In their review, Verdejo Garcia and colleagues (2018) explored decision-
making impairments in addiction in the framework of a unified model of
decision-making, which posits that decision-making is implemented by the
integration of a variety of cognitive control processes (Coutlee & Huettel,
2012; Ernst & Paulus, 2005). According to the model’s underlying
assumptions, decision-making involves at least three stages, including i)
preference formulation, ii) choice implementation, and iii) feedback processing,
each of which includes a variety of cognitive control processes.

Firstly, the preference formation stage includes the components of
reflection, that is related to information sampling, and the uncertainty and risk
evaluation, that are appraisal processes which support risk and reward evaluation
(such as comparing the potential benefits and dangers of drug use to other forms of
enjoyment or abstinence/recovery) (Verdejo-Garcia & Bechara, 2009).

Secondly, the choice implementation stage includes the allocation of
motivational resources for response initiation; the inhibition of competing
actions (i.e., cognitive inhibition); and self-regulation to override alternatives
with comparable perceived values (Strait et al., 2014).

Thirdly, at least three outcome-evaluation processes are included in the
feedback processing/learning stage: the reward and punishment learning, that is
strictly related to the motivational valence (determining the attention to gains
versus losses), the memory recency (weighting more recent outcomes versus
earlier outcomes), and the consistency process, that is the coherence between
the feedback history and subsequent decisions (Ahn et al., 2016).

For each decision-making stage, several classical laboratory tasks have been
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proposed for examining the cognitive processes underlying these stages and
evidence related to the performance of individuals with SUDs at these tasks
have been provided (Verdejo-Garcia et al., 2018).

For instance, for the first stage related to the formation preference,
authors stated that studies applied Information Sampling Task and the Beads
Task on individuals with SUDs (e.g., binge drinkers and chronic users of
cannabis, cocaine, amphetamines and opiates) to measure reflection impulsivity
and showed that such individuals are satisfied to use less information to make
their decisions relative to healthy controls (Banca et al., 2016; Stevens et al.,
2015). These results suggest that people with SUDs are more prone to tolerate
uncertainty and risk during formation of preferences.

Or again, through the application of tasks that measured decision-making
under risk, such as Coin Flipping Task, the Cups Task, the Balloon Analogue
Risk Task, the Randomized Lottery Task, and the Cambridge Gamble Task,
and under ambiguity, such as the IGT, consistent findings across a broad range
of substance use disorders (e.g., alcohol, cannabis, cocaine, and opiates) showed
that addicted individuals prefer risky over safe alternatives (Brand et al., 2008)
and a disadvantageous decision-making under ambiguity (Balconi, Finocchiaro,
& Campanella, 2014a; Balconi, Finocchiaro, & Canavesio, 2014; Balconi &
Finocchiaro, 2015).

If on the one hand this review has the advantage of proposing the
evaluation of the different stages of decision making in patients with SUDs
through various cognitive laboratory tasks typically also used in the
neurosciences, on the other hand it does not deal with the evidence of an
impairment in one or more of these stages of the decision-making process in
BAs. Moreover, the current theoretical contribution strives to provide an
overview of possible evaluation approach and tasks and it does not focus on the
aspects dedicated to decision-making treatment; however, it should be noted
that recent larger theoretical monographs and systematic reviews also proposed
neuropsychological interventions for decision-making impairment and executive
functions in addictions (Balconi & Campanella, 2021; Verdejo-Garcia et al., 2019).

4.2 Assessing the multiple features of impaired decision-making

More recently, it has been underlined how a sound and comprehensive
conceptualization of decision making as an umbrella construct, encompassing
its cognitive, affective, motivational, and physiological subcomponents, is still
lacking. This might hinder the effective assessment of a variety of decision-making
deficits and the development of tailored addiction treatment (Rochat et al., 2019).
Thus, with the aim of assessing dysfunctional decision-making in
addiction, Rochat and colleagues (2019) proposed a taxonomy of
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transdiagnostic features of decision-making in addiction and a related
assessment battery. Authors included tasks for measuring the following
cognitive processes: reward sensitivity, attentional bias and associative processes,
inhibition, cognitive flexibility, updating, and mental time travel. Additionally,
they stated that the detail of measures proposed in this battery should only be
considered as examples of laboratory tasks or self-assessments that could be
used to evaluate any process that falls under the framework of processes
involved in poor decision-making in addiction.

However, what is interesting about this battery is that the authors also
propose to measure processes that have been less taken into consideration by
the literature on decision-making impairment, but which can broaden the
investigation on the process itself, namely interoception and social cognition.

4.2.1 Evaluating the interoceptive dysfunction in addiction

Indeed, in relatively recent years, Noél and colleagues (Noél et al., 2013b,
2013a) extended the dual-process perspective in addiction (proposing a
dichotomy between impulsive-automatic and reflective-controlled determinants of
behavior (Bechara, 2005; Koob & Le Moal, 2001; McClure & Bickel, 2014)) to a
“triadic” model integrating a third system related to interoceptive processes.

In fact, research suggested that interoceptive system dysfunction may
affect how drugs are processed as well as how self-awareness is regulated. This
could lead to underestimating the severity of a disorder, failing to recognize an
illness (or lacking insight), denying it, or dissociating intention from action
(Goldstein et al., 2009; Goldstein & Volkow, 2011; Verdejo-Garcia et al.,
2012), in particular when drug induced damage to the insula interrupts the
interoceptive input signalling the current state of the body. Lack of insight is a
significant problem in drug treatment because some people who need help may
not understand why they need treatment. This diminished perception of the
need for therapy and/or underestimation of the severity of addiction may lead
to poor decision-making in the context of ongoing drug abuse or addictive
behaviors despite frequent negative outcomes (Brevers & Noél, 2013;
Goldstein et al., 2009; Goldstein & Volkow, 2011).

In their battery, Rochat and colleagues (2019) proposed to encompass the
following tasks for measuring different dimensions of interoception: the
Heartbeat Detection Task (Barrett et al., 2004) with confidence rating
(Garfinkel et al., 2015) to measure both interoceptive accuracy and awareness;
the awareness section of the Body Perception Questionnaire (Porges, 1993) to
measure interoceptive sensibility; and the Visual-Perception Judgement Task
with confidence rating (Moeller et al., 2016) to measure self-awareness.

If on the one hand the link between decision-making and interoception
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has been clarified since this diminished perception of the need for therapy or of
the severity of addiction may lead to poor decision-making in the context of drug
maintenance, on the other hand, additional studies are stll needed to dearly clarify
the link between the decision-making deficit and social cognition in addictions.

Certainly one of the strengths of Rochat and colleagues (2019) proposal is
that it underlines the need to investigate the decision-making process as an
umbrella construct that includes cognitive and affective processes underneath
it, and underlines how it is essential to go beyond the use of decision-making
laboratory tasks general and multideterminate and identify specific
impairments in decision-making processes to favor psychological interventions
adapted to the specific dysfunctions of the person.

4.3 Assessing executive functions and decision-making impairment

As last point, we mention here a battery of neurocognitive tests and tasks
dedicated to the evaluation of executive functions in addictions, the Battery for
Executive Functions in Addiction (BFE-A), that has been recently developed
to target the need of assessing this deficit in SUDs (Balconi et al., 2022;
Balconi & Campanella, 2021; Crivelli et al., 2022).

This tool encompasses specific selected tests to measure the executive
functions and to assess their impairment as prerequisite of the neurocognitive
deficit in substance use disorders. The BFE-A includes subtests to measure
short/long-term memory, working memory, focused attention, verbal and non-
verbal cognitive flexibility, attention regulation and suppression of interference
and inhibitory control.

One innovative methodological point of this tool is the presence of two
computerized cognitive tasks whose application has been strictly related to the
context of addiction through the use of addiction-related word and addiction-
related background pictures: the Modified Stroop Task for Addiction (MSTA)
and the Modified Go/No-Go task for Addiction (MGTA).

The MSTA of the BFE-A is a computerized neurocognitive task devised
to investigate the integrity of attention regulation processes and of mechanisms
allowing for the control of interference due to semantic incongruence or
salience of stimuli related to substance use. Four alternative though comparable
versions of the MST were created for this battery, focused on specific substance
use pictures and different primary substances of abuse: stimulants,
opioids/sedatives/hypnotics, alcohol, and cannabis.

The MGTA of the BFE-A is a computerized neurocognitive task
specifically devised to assess executive control and response inhibition in
addictive disorders. The task also involves the systematic manipulation of the
background on which the Go and No-go stimuli are presented. The
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background can recall neutral semantic contexts (e.g., physical activity or
environments/scenes of daily life) or be semantically associated with substance
use contexts, tools, materials, or experiences. As for the MSTA, the MGTA
includes four different though comparable sets of backgrounds, associated with
different primary substances of abuse: stimulants, opioids/sedatives/hypnotics,
alcohol, and cannabis. Performance and error measures includes, for both tasks:
response times, response accuracy, and number of omitted responses.

The findings collected through the studies applying this tool provided first data
on the potential of BFE-A as a brief but informative neurocognitive screening tool,
aimed at highlighting differences of clinical value in executive functions efficiency of
patients with addictive disorders (Balconi et al., 2022; Crivelli et al., 2022).

Future advancements of the BFE-A neurocognitive battery application for
measuring executive dysfunction in addiction will include i) the recording of
the electro- and psycho-physiological correlates and autonomic physiological
responses during the administration of the neurocognitive tasks, ii) the extension of
the reference target sample to BAs (gambling and internet gaming disorders), and iii)
the integration in this battery of specific tasks or tests dedicated to measuring the
deficit related to decision-making processes, which takes into account its different
stages and the additional cognitive processes related to it.

The findings obtained with the BFE-A would benefit from further testing
and integration with additional neuropsychological and psychometric tests to
propetly assess convergent/divergent validity of the tool as well as with
objective neurofunctional markers of cognitive performance (e.g., Event-
Related potentials with electroencephalogram, or task-related modulation of
cortical blood perfusion as measures by functional Magnetic Resonance
Imaging or functional Near Infrared Spectroscopy) to further test the
neurophysiological correlates executive functioning in addiction.

5. CONCLUSIVE REMARKS

This theoretical contribution focuses on the neurocognitive disorder of
addiction as it is one of the clinical disorders in which a deficit in decision-
making has been most frequently explored in the neuroscientific literature.

Currently there is not yet a unified and shared perspective regarding how
to measure decision-making in its complexity and in its close relationship with
executive functions: here, without claiming to be exhaustive, three examples of
approaches and studies displaying possible ways to evaluate decision-making
process have been proposed.

However, it is believed that not only for addictions, but also for other
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clinical or healthy conditions in which it is intended to evaluate potential
impairment at the decision-making level, it is necessary to adopt a unified
perspective and a comprehensive framework that takes into account the
complexity of the decision-making process, of the three stages that compose it
(according to the model well described by (Verdejo-Garcia et al., 2018)) and of
the high-level cognitive processes to which it is closely related. Moreover, for
the measure the decision-making deficit in addictions, there is, to the best of
our knowledge, no battery of tests, scripts or tasks that also measures the
impact of this deficit under realistic conditions. Therefore, tools that intend to
measure this process must take into account the complexity of decision-making
as an umbrella construct and propose batteries including multilevel
neurocognitive measures.
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