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Preface 
Every day, individuals make small decisions that guide the immediate flow of their 

activities, while only some influence the overall direction of their lives. Some decisions 

appear to have only short-term consequences, for example, “Should I prepare a quick 

meal at home or order food delivery tonight?”, while others carry implications that extend 

into the future, such as “Should I dedicate the evening to revising for an upcoming exam or 

spend time socializing with friends?”. Across the vast changes in human society since 

prehistoric times, the ability to make adaptive choices remains fundamental to survival and 

well-being (Loewenstein & Lerner, 2003). When individuals must decide between 

outcomes available at different points in time, for instance, enjoying a streaming series 

immediately versus investing the same time in practicing a skill that may yield career 

advancement later, they are engaging in a kind of choice that researchers define as 

“intertemporal”. Crucially, humans, and animals in general, typically show bias when 

making such choices, i.e., a tendency to favor smaller, sooner rewards over larger, later 

ones. This behavioral pattern is known in the literature as temporal discounting (Ainslie, 

1992; Lempert & Phelps, 2016).  

In Chapter 1 of this dissertation, the phenomenon of temporal discounting is 

introduced as a fundamental aspect of human decision-making. This section describes the 

paradigms employed to measure intertemporal choice, outlines methodological 

considerations that influence discount rates, and reviews theoretical models that describe 

how subjective value declines with delay. By situating temporal discounting within the 

broader framework of reward valuation and impulsivity, the thesis establishes the 

behavioral foundations necessary for understanding the relevance of this construct in both 

psychology and psychiatry. We also examine the neural substrates of temporal 

discounting introducing the major functional networks involved in valuation, cognitive 

control, and prospection, and reviews evidence from lesion, and structural studies.  

Furthermore, we outline temporal discounting through a psychopathological lens, outlining 

its role as a risk factor, a behavioral marker of impulsivity, and a potentially modifiable 

target for intervention aimed at reducing maladaptive discounting tendencies.  

In Chapter 2, the thesis moves from these behavioral foundations to the 

neuroanatomical level, exploring how individual differences in the sulcal pattern of the 

anterior cingulate cortex relate to temporal discounting. By focusing on the morphology of 

the anterior cingulate cortex (ACC), a region centrally involved in cognitive control and 

consistently implicated in delay discounting, we examine whether its stable sulcal can 



explain individual variability in intertemporal choice. Through this structural perspective, 

the chapter introduces a complementary dimension to the behavioral and cognitive 

mechanisms discussed earlier, situating delay discounting within a broader 

neurodevelopmental framework. 

In the final part of the dissertation, we examine temporal discounting through a 

psychopathological lens, outlining its role a potentially modifiable target for intervention 

aimed at reducing the temporal discounting. Through the Pr.I.M.E. project, designed to 

identify early signs of vulnerability and occasional substance use in university students, we 

investigate how targeted preventive efforts may influence intertemporal choice and support 

evidence-based strategies for emerging adults. Specifically, the study presented in 

Chapter 3 examines the psychological dimension of temporal discounting, investigating 

whether steeper discounting rates correspond to vulnerability-related profiles that may 

predispose young adults, such as university population, to maladaptive patterns of use. By 

focusing on such vulnerable population, this chapter explores how intertemporal 

decision-making intersects with emotional dysregulation, impulsivity, and psychological 

distress, positioning temporal discounting as a marker of emerging susceptibility. 

Building on these findings, the study presented in Chapter 4 extends the focus to 

prevention by examining how temporal discounting can guide early intervention strategies. 

It describes the implementation of the Pr.I.M.E. program and assesses its capacity to 

strengthen regulatory mechanisms and reduce addiction‑ related risk factors in young 

adults. 
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The phenomenon of Temporal Discounting 

 

Humans and animals are frequently required to make intertemporal decisions, 

choosing between actions whose outcomes occur at different points in time, with more 

desirable results often entailing greater effort or longer delays (Frederick et al., 2002). 

Temporal discounting or delay discounting refers to the systematic tendency for the 

subjective value of a reward to decrease as the delay to its receipt increases (Ainslie, 

1975; Rachlin & Green, 1972). In other words, individuals prefer smaller–sooner over 

larger–later outcomes although this preference depends on reward magnitude, delay 

duration, and individual differences in discounting (McKerchar & Renda, 2012; Green & 

Myerson, 2004; Odum, 2011). (McKerchar & Renda, 2012). Within the Research Domain 

Criteria (RDoC) framework, this phenomenon is considered part of the Positive Valence 

Systems under the construct of reward valuation (U.S. Department of Health and Human 

Services, National Institutes of Health, National Institute of Mental Health, 2016).  

Although temporal discounting is a robust and widely observed phenomenon, 

discount rates vary substantially across individuals (Peters & Büchel, 2011) and contexts, 

shifting across domains such as health, finance, and social decision-making (Lempert & 

Phelps, 2016). Experimentally, intertemporal preferences are typically assessed through 

paradigms in which individuals choose between smaller, immediate rewards and larger, 

delayed rewards. Steeper discounting reflects a diminished valuation of delayed outcomes 

and is widely regarded as a behavioral index of impulsivity (Takahashi, 2005). Indeed, 

individuals who discount more steeply are often described as unable to wait for delayed 

rewards, favoring immediate gratification over long-term benefits (Loewenstein et al., 

2002; Takahashi et al., 2007). Elevated discount rates have also been consistently linked 

to maladaptive behaviors and psychiatric conditions, including substance use disorders, 

pathological gambling, obesity, attention-deficit/hyperactivity disorder, and mood disorders, 

underscoring their relevance for both clinical psychiatry and behavioral economics 

(Amlung et al., 2019). 
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Measuring Temporal Discounting 
Temporal Discounting paradigms 

Temporal (or delay) discounting tasks are designed to quantify intertemporal 

preferences by presenting participants with choices between rewards that vary in size, 

type and temporal delay. In a typical choice, one option involves a smaller reward that is 

available immediately or soon, whereas the alternative option involves a larger reward that 

can only be obtained only after a longer delay (Addis et al., 2009). When options vary 

along multiple dimensions, such as both amount and delay, decision difficulty increases. 

For instance, a participant might be asked to choose between receiving €30 today or €150 

in five months, or between one candy bar now and ten in three weeks. By systematically 

manipulating reward magnitude and delay across trials, researchers can identify the so-

called indifference point, at which the subjective value of the immediate option equals that 

of the delayed alternative. This measure represents the specific amount of an immediate 

reward that a person considers equally valuable to a larger, delayed reward (i.e. the choice 

situation is adjusted to find the point at which preference switches between the two 

alternatives). While there are animal models and task variations with different outcome 

types (e.g., food, drugs, sexual outcomes), temporal discounting in humans is mostly 

assessed using monetary outcomes (Hamilton et al., 2015; Odum et al., 2020). 

Three primary classes of temporal discounting tasks are commonly used: titration, 

adjusting titration, and randomized choice (see Fig. 1). The titration tasks present a series 

of binary choices in which either the immediate or delayed reward is held constant while 

the other amount systematically increases or decreases across trials. This method allows 

for precise estimation of indifference points at each delay, though results may be 

influenced by presentation order or which reward is fixed (Sawicki & Białek, 2016). In 

contrast, adjusting titration procedures dynamically modify one parameter (e.g., reward 

magnitude or delay) based on the participant’s previous choice, enabling rapid 

convergence on the indifference point. While efficient, this approach yields individualized 

choice sets that vary across participants (Hardisty et al., 2013).  

Finally, the randomized-choice tasks present single trials with randomly varied 

reward magnitudes and delays, allowing indifference points to be inferred from aggregate 

choice patterns. This method is less transparent to participants and widely adopted in the 

literature (e.g., Kirby et al., 1999), though careful stimulus selection of reward–delay pairs 

to adequately capture discounting gradients (Senecal et al., 2012). 
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While all discounting paradigms ask participants to make decisions about what they 

prefer, they can vary about what they prefer, they can vary in how choice is incentivized 

and implemented. For example, in incentive-compatible designs, one trial is randomly 

selected, and the corresponding outcome is delivered either immediately or after the 

specified delay (Kable & Glimcher, 2007; Lempert et al., 2015). This method encourages 

participants to respond in line with their true preferences. In contrast, “hypothetical tasks” 

do not involve actual rewards. Although discount rates derived from hypothetical and real-

reward tasks are generally correlated, the use of hypothetical rewards in temporal 

discounting paradigms has prompted discussion, particularly regarding their ecological 

validity (Johnson & Bickel, 2002). 

 

 

Figure 1. Graphical description of the three types of human delay discounting tasks—titration, 

adjusting titration, and randomized-choice (adapted from Lempert et al., 2016). 
 

Moreover, temporal discounting tasks are also based on several assumptions, 

namely that participants treat outcomes as certain, immediately consumable, and 

independent of other contextual alternatives (Read, 2003). Within these paradigms, task 

parameters are systematically manipulated. In some procedures the smaller immediate 

option is progressively increased, a method referred to as Fixed Delayed Reward (FDR). 

In other paradigms, the larger delayed option is progressively decreased, known as Fixed 

Immediate Reward (FIR). Alternatively, delays and amounts can be adjusted dynamically 

according to the participants’ choices. When the immediate and delayed rewards are 
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judged as equivalent, the choice reflects the indifference point (Reynolds & Schiffbauer, 

2004) allowing researchers to generate discounting curves that capture subjective value 

over time and derive individual discounting rates (Tesch & Sanfey, 2008).  

In addition to these approaches, some studies have employed intermediate 

paradigms that combine elements of different task structures (Calluso et al., 2015). 

Calculation of discount rates 
The quantification of delay discounting requires methods that capture how 

individuals assign subjective value to delayed outcomes. Several approaches have been 

proposed, ranging from simple descriptive indices to more complex parametric models 

(Doyle, 2013). The delay discount rate ((i.e., the rate at which the subjective value of a 

reward decays with delay) is typically quantified using two complementary approaches: the 

discounting parameter k, estimated via either hyperbolic or exponential models (Mazur, 

1987; Rachlin et al., 1991; Green & Myerson, 2004; Fellows & Farah, 2005)and the area 

under the empirical discounting curve (AUC) (Myerson et al., 2001). 

Discount rate (k) 
Hyperbolic discounting refers to the fact that the effect of delay on value is not the 

same across the range of delays. At short delays, value is decreased proportionally more 

than at long delays (Mazur, 1987). For this reason, hyperbolic discounting has become the 

most widely used framework in psychology and psychiatry. The formula to calculate 

hyperbolic discounting is: 

 

𝑆𝑆 =
𝐴

(1 + 𝑘𝑘)
 

where A is the amount of the reward, D is the delay to receiving it (for immediate rewards, 

D=0 and SV=A) and K is a free parameter that represents the discount rate (Mazur, 1987; 

Nevin and Rachlin, 1986). Steeper discounting (higher k) reflects a stronger preference for 

smaller–sooner rewards and is often interpreted as an indicator of impulsivity (Madden & 

Bickel, 2009). A distinctive feature of the hyperbolic model is that the rate of decline is 

steepest at short delays and becomes progressively shallower as outcomes are moved 

farther into the future (Kable & Glimcher, 2010). 

On the other hand, exponential models assume a constant rate of decline over time, 

expressed as: 

SV = ekD 
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(Ainslie, 1992; Mazur, 1987). In this formulation, delaying a reward by one day produces 

the same proportional reduction in value regardless of whether the delay occurs 

immediately or far in the future (Loewenstein et al., 2008; Kalenscher & Pennartz, 2008). 

Although mathematically elegant, exponential models fail to capture empirically observed 

preference reversals, such as choosing $100 now over $110 tomorrow but preferring $110 

in 31 days over $100 in 30 days (Frederick et al., 2002). These time inconsistencies are 

better explained by hyperbolic models, which account for the disproportionate impact of 

proximal delays (Kirby & Marakovich, 1995; Johnson & Bickel, 2008). A graphical 

representation of both models is below (See Figure 2). 

 

 

Figure 2. This figure illustrates A, exponential-and B, hyperbolic discounting curves with blue and 

red lines representing individuals with shallow and steep discounting rates, respectively. The solid 

and dashed lines within each color category highlight individual differences in discounting behavior 

across different contexts, such as varying environmental or psychological conditions (adapted from 

Wagner et al., 2022) 

 

Area under the curve 
A non-parametric measure is the area under the empirical discounting function. This 

approach requires no assumptions about the mathematical form of discounting, since both 

delay and subjective values are normalized. Since the area is calculated by the actual data 

points, unlike K, it does not depend on theoretical models regarding the shape of the 

discounting function (Myerson et al., 2001; Johnson and Bickel, 2008). The AUC is then 

computed using the trapezoidal rule, which approximates the area under the curve by 

summing the areas of trapezoids formed between successive data points. Each trapezoid 

is calculated as: 
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(𝑥2− 𝑥1)
(𝑦1 + 𝑦2)

2
 

where x1 and x2 represent adjacent delays and y1 and y2 are the corresponding 

subjective values (Myerson et al., 2001). The overall AUC is obtained by adding together 

all trapezoidal areas across the delay intervals. This index ranges from 0 to 1, with smaller 

values reflecting steeper discounting and therefore a stronger tendency to prefer smaller–

immediate rewards over larger–delayed ones (Johnson & Bickel, 2008). 
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As introduced in the preface, intertemporal choices are pervasive in everyday life 

and central to understanding human behavior. The observation that temporal discounting 

can be influenced by training programs indicates that temporal discounting, while 

considered a relatively stable, trait-like phenomenon (Miller et al., 2023; Odum, 2011a, 

2011b), is nonetheless malleable (Scholten et al., 2019). Importantly, this malleability can 

be revealed by simple experimental manipulations (Koffarnus et al., 2013; Lempert & 

Phelps, 2016; Rung & Madden, 2018; Scholten et al., 2019). 

According to Lempert and Phelps (2016), the context in which intertemporal 

decisions occur plays a crucial role, as such choices are susceptible to framing effects 

(i.e., how the scenario is presented; see Prospect Theory by Tversky & Kahneman, 1981) 

and incidental influences (i.e., pre-existing states such as affect) inducing systematic shifts 

in preferences.  In this section, we present mechanisms by which these representational 

effects could occur. 

 

Framing Effect 
Framing refers to the context in which options are presented (Tversky & Kahneman, 

1981). A meta-analysis by Kühberger (1998) showed that framing exerts robust influences 

on decision-making, identifying mechanisms such as reference points, outcome salience, 

and response mode. For example, identical outcomes framed as gains or losses elicit 

different choices, as illustrated by Tversky and Kahneman’s disease outbreak scenario. In 

the domain of delay discounting, framing outcomes as gains or losses also alters 

preferences: delayed gains are typically discounted more steeply than delayed losses, a 

phenomenon known as gain–loss asymmetry or the sign effect. 

Building on this line of research, Lempert and Phelps (2016) reviewed how framing 

manipulations shape intertemporal choice. They identified three key mechanisms: 

attention allocation, reference dependence, and time construal. For instance, attention can 

strongly shape how people make decisions. ‘Delay’ is typically viewed as a disadvantage 

of future reward. The size of that delayed reward is often a favorable feature because it 

tends to be larger than the immediate option. Shifting the focus away from reward 

magnitude and toward the delay itself is therefore expected to increase impulsive choices. 

Additionally, it is also possible to alter attention by changing the way that reward 

magnitudes are presented. One example of this manipulation is the ‘decimal effect.’ When 

rewards are framed as rounded numbers (e.g., €20.00 today vs. €15.00 in one week) 

rather than decimals (e.g., €12.44 today vs. €30.32 in one week), individuals tend to be 
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more impulsive (Fassbender C, et al. 2014). An explanation for this phenomenon is that 

greater cognitive effort is needed to interpret decimal values, which in turn directs the 

decision-makers focus on reward magnitudes and reduces attention to the delay. 

Drawing attention to the opportunity costs of immediate rewards (the “hidden-zero 

effect”), or reframing delayed outcomes as investments, increases patience. This ‘explicit-

zero’ condition (e.g., “€10 today and €0 later” vs. “€0 today and €12 later”) leads to 

reduced discounting, since seeing the default outcomes leads one to focus on the 

unpleasant future consequences of selecting the immediate reward (Radu, et al. 2011). 

Similarly, shifting the reference point, such as presenting the delayed reward as the default 

option, reduces impulsivity, consistent with loss aversion. Finally, another framing 

manipulation concerns how delays are described. The date/delay effect is a well-known 

frame that describes how the delay discounting is reduced when the delay until receipt of a 

reward is presented as a date (date condition, e.g., 30 November 2025) rather than in 

delay units (delay condition, e.g., in 91 days) (LeBoeuf, 2006; Read et al., 2004). For 

example, people tend to view an investment more favorably when its expected gain is 

framed as occurring on a specific date rather than after a delay described in years or 

months (Read et al., 2004). These findings reinforce the view that intertemporal 

preferences are not immutable traits but show a degree of context-dependency, and that 

framing provides a powerful tool to nudge individuals toward more advantageous long-

term choices. 

 

Incidental Affect 
Incidental affect refers to the impact of emotions, moods, and stress on temporal 

discounting, even when these states are unrelated to the choice itself. Research on 

emotion–cognition interactions shows that both experiencing and regulating emotion can 

alter subsequent choices (Loewenstein & Lerner, 2003; Calluso et al., 2021). In the 

laboratory, affective states are typically induced through exposure to emotional stimuli, 

mood manipulations, or stress. Several studies indicate that viewing positive images, such 

as erotic material (Wilson & Daly, 2004; Van den Bergh et al., 2008), or desserts (Fedoroff, 

Polivy, & Herman, 1997), often increases impulsivity, leading individuals to favor 

immediate rewards. In contrast, myopic decision-making might also occur following 

incidental exposure to negative affective stimuli (Guan S, et al. 2015) though the evidence 

is inconsistent (Luo S, et al. 2014). The appraisal tendency framework (ATF) suggests that 

specific emotions elicit distinct cognitive and motivational tendencies that shape valuation 
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(Lerner & Keltner, 2000; Keltner & Lerner, 2010). Mood studies support this view: sadness 

increases impulsivity, possibly as a way of seeking immediate comfort (Lerner et al., 

2004), while gratitude fosters patience by encouraging cooperation and future-oriented 

thinking (DeSteno et al., 2014). Stress represents another incidental state with mixed 

effects. Some studies report greater impulsivity under acute stress (Takahashi, 2004), 

others find no effect (Haushofer et al., 2013), and still others show outcomes depend on 

perceived stress levels (Lempert et al., 2012). Overall, incidental affect can meaningfully 

shift intertemporal preferences, but its effects are heterogeneous and contingent on the 

nature of the emotional state. 

 

Episodic Future Thinking 
Episodic future thinking (EFT) provides compelling evidence that prospection can 

foster more patient intertemporal choices. When individuals are prompted to imagine 

positive personal events in the future, prior to making a decision, they consistently display 

reduced discounting and select delayed rewards more often, even when the imagined 

scenario is unrelated to the reward itself (Peters & Büchel, 2010; Benoit, Gilbert, & 

Burgess, 2011; Lin & Epstein, 2014; Daniel, Stanton, & Epstein, 2013). By prompting 

individuals to recall emotionally rich, personally meaningful past events, this manipulation 

increases the affective vividness of future-oriented thought, thereby enhancing the 

subjective value of delayed outcomes and promoting greater preference for larger, later 

rewards (Lempert et al., 2017). 

However, the precise mechanism driving this effect remains debated. Because most 

studies have used positive future events, it is unclear whether the effect arises from 

making the future more concrete (a change in time construal) or from enhancing positive 

affect associated with the imagined outcome. Supporting the concreteness hypothesis, 

some evidence shows that both neutral and positive future thinking reduce discounting (Lin 

& Epstein, 2014). Yet other work indicates that neutral future thinking has little effect, while 

negative future thinking increases impulsivity, suggesting that affective valence plays a 

critical role (Calluso et al., 2015). Another possibility is that engaging episodic memory 

systems, regardless of content, is sufficient to promote farsighted choice.  

Thus, incidental affective states, such as emotions, moods, and stress, can shape 

intertemporal choice, potentially by shifting the reference point or by altering how attention 

is allocated to different choice attributes. In contrast, episodic future thinking appears to 
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influence decision-making by modifying time construal, making future outcomes feel more 

concrete or proximal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Neural bases of Temporal Discounting  
 

Temporal discounting is a fundamental component of human decision-making and a 

key marker of vulnerability for several maladaptive behaviors (Amlung et al., 2019). 
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Despite its relevance, the neurocognitive architecture supporting discounting remains 

debated. Clarifying the neural basis of delay discounting has both practical implications 

(e.g., informing intervention strategies) and theoretical relevance (e.g., refining models of 

reward processing). Although traditional accounts distinguish between valuation and 

choice stages in decision-making (Peters & Büchel, 2011), emerging evidence suggests 

that these computations are embedded within the coordinated activity of multiple large-

scale brain networks for valuation, cognitive and prospection. 

Functional Studies 
The Valuation (or Reward) Network 

A central assumption in decision neuroscience and neuroeconomics is that the 

brain represents the value of environmental stimuli in an abstract, domain-general format. 

Such a representational scheme enables agents to compare qualitatively different 

reinforcers, such as food and money, on a common neural scale, thereby supporting 

flexible choice. Converging evidence implicates the ventral striatum (VS) and orbitofrontal 

cortex (OFC), particularly its ventromedial subdivision (vmPFC), as core components of 

this valuation system (Kable & Glimcher, 2007; Knutson et al., 2007; Chib et al., 2009; 

Hare et al., 2009) (Figure 3, panel A). These regions, tightly coupled with the mesolimbic 

dopamine system, encode the incentive value of both primary and secondary rewards and 

translate reward information into subjective value signals.  

Alongside this unitary valuation framework, the “dual system” model has proposed 

that dopaminergically innervated valuation regions selectively encode immediate rewards 

(the β-system), whereas delayed rewards are represented in lateral prefrontal and parietal 

regions (the δ-system; McClure et al., 2004, 2007). Specifically, the model posits that 

intertemporal choice behavior is guided by (i) a “hot” visceral β-system processing 

immediate rewards, associated with activity in ventral striatum (vS), medial orbitofrontal 

cortex (mOFC), medial prefrontal cortex (mPFC) and posterior cingulate cortex (PCC), and 

(ii) a “cold” deliberative δ-system processing both immediate and delayed rewards and 

associated with activity in dorsolateral prefrontal cortex (dlPFC), ventrolateral prefrontal 

cortex (vlPFC), lateral orbitofrontal cortex (lOFC) and intraparietal cortex (McClure et al., 

2004). However, subsequent work has shown that the vS, vmPFC, and PCC do not 

respond exclusively to immediate outcomes. These regions remain active even when all 

options are delayed by two weeks or more (McClure et al., 2004), and their responses 

reliably track the discounted subjective value of future rewards in the absence of any 



Neural bases of Temporal Discounting 

12 
 

immediate option (Kable & Glimcher, 2007, 2010; Peters & Büchel, 2009; Sripada et al., 

2011).  

A few years later, Kable & Glimcher (2007, 2010) proposed an alternative model, 

namely the single valuation model. This model, consistent with one-parameter behavioral 

accounts such as hyperbolic discounting, assumes that the subjective value of both 

immediate and delayed rewards is computed within a single, integrated valuation system. 

Converging neuroimaging evidence has shown that subjective value signals for choice 

options are encoded in regions including the ventral striatum (vS), ventromedial prefrontal 

cortex (vmPFC), and posterior cingulate cortex (PCC; Bartra et al., 2013). When 

contrasted with the dual-system formulation, most researchers nowadays prefer this 

single-valuation perspective (Peters & Büchel, 2011; Schüller et al., 2019), as hyperbolic 

models generally provide a better fit to fMRI data than quasi-hyperbolic alternatives (Kable 

& Glimcher, 2010). Neurophysiological studies further support the presence of 

value-related activity in the striatum (Samejima et al., 2005; Lau & Glimcher, 2008), 

although some accounts propose that VS responses may reflect prediction errors rather 

than value per se (Hare et al., 2008).  

Finally, recent work suggests that the posterior cingulate cortex (PCC) may also contribute 

to delay-specific valuation, partially overlapping with regions identified by Kable and 

Glimcher (2007). However, PCC involvement is heterogeneous: some subregions encode 

value in a probability-specific manner, and several studies report no PCC value signals 

during delay discounting (Pine et al., 2009).  

Altered valuation signals in this network have been documented in addiction: 

individuals with cocaine dependence or pathological gambling show reduced VS and 

vmPFC responses to monetary rewards (Goldstein et al., 2007; Reuter et al., 2005), and 

smokers exhibit attenuated striatal activity during reward anticipation (Rose et al., 2010), 

since diminished anticipatory value signals weaken the representation of delayed rewards 

and thereby contribute to steeper discounting.  
 

The Cognitive Control Network 
In the context of intertemporal choice, response conflict arises when individuals 

must choose between two options whose discounted subjective values are similar 

(McClure et al., 2007a). Not surprisingly, therefore, a second network frequently examined 

in the literature is the cognitive control network (Peters & Büchel, 2011; Schüller et al., 

2019). This network includes regions implicated in conflict monitoring, strategic adjustment 
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(Peters & Büchel, 2011), and self-control, that is, the capacity to override immediately 

tempting options that may initially receive higher subjective value during early valuation 

processes (Figner et al., 2010; Schüller et al., 2019; see Figure 3, Panel A). Engagement 

of the cognitive control network is typically assumed to increase under conditions of high 

choice difficulty (Jimura et al., 2018; Marco-Pallarés et al., 2010; Pine et al., 2009), or 

more broadly when individuals select larger-later over smaller-sooner rewards (Wittmann 

et al., 2007; Ye & Wang, 2023). For example, activity in the anterior cingulate cortex (ACC) 

(Botvinick et al., 2004; van Veen et al., 2009) and in the lateral prefrontal cortex (PFC) 

(McClure et al., 2004; van Veen et al., 2009) is typically greater during difficult compared 

to easy intertemporal choices. In particular, while ACC activity also reflects increases in 

conflict-induced response times during delay discounting (van Veen et al., 2009), the 

dlPFC, in turn, plays a pivotal role in implementing control once conflict has been detected. 

Rather than encoding reward value directly, the dlPFC modulates valuation signals 

represented in the vmPFC. In situations where individuals exert self-control to override 

impulsive tendencies, dlPFC activity increases, exerting top-down influence on the 

valuation system and biasing choices toward delayed rewards (McClure et al., 2004; van 

Veen et al., 2009).  

 

The Prospection Network 
A further perspective emphasizes the contribution of episodic future thinking or 

prospection, suggesting that temporal discounting is shaped not only by valuation 

processes but also by the ability to mentally simulate future outcomes. Rather than 

reflecting a failure of impulse control, steep discounting may instead arise from a reduced 

ability to vividly simulate future events and evaluate their emotional and motivational 

significance. This theory emerged in the late 2000s, following influential evidence that 

individuals with hippocampal damage not only exhibited amnesia but also showed marked 

difficulties in imagining future events (Hassabis et al., 2007). 

 Concurrent neuroimaging work further demonstrated that the neural substrates 

supporting episodic memory retrieval and episodic future thinking substantially overlap 

(Schacter et al., 2007).Neuroimaging studies have identified a core network consistently 

engaged during episodic prospection (Hassabis & Maguire, 2007; Schacter et al., 2007; 

Spreng et al., 2009). This network includes the medial temporal lobe (MTL), precuneus, 

and dorsomedial prefrontal cortex, regions that are active both when recalling episodic 

memories and when imagining future scenarios (Schacter et al., 2007) (Figure 3, panel A). 
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Because delay discounting requires simulating future outcomes (e.g., receiving rewards 

weeks or months later), engagement of this network is thought to reduce discounting by 

enhancing the vividness and salience of delayed consequences. 

There are divergent hypotheses regarding the anatomical extent of the circuitry 

supporting episodic memory contributions to temporal decision-making: some accounts 

emphasize a predominantly MTL-centered system, whereas others propose a more 

distributed network that additionally encompasses lateral parietal regions and other  

association areas (e.g., Ranganath & Ritchey, 2012; Schacter et al., 2012). The medial 

temporal lobe (MTL) network described by Peters and Büchel (2011), which is largely 

consistent with the memory‑ based system proposed by Frost and McNaughton (2017), is 

more circumscribed compared to the prospection network. It comprises regions involved in 

representing past reward and delay experiences and in constructing future scenarios, such 

as the hippocampus and amygdala, with extensions into vmPFC, mOFC, and PCC, areas 

traditionally associated with valuation. Converging structural MRI findings further support 

the relevance of this network: MTL gray matter volume (Owens et al., 2017), hippocampal 

and parahippocampal white matter density (Yu, 2012), and white matter integrity in frontal 

and temporal tracts (Olson et al., 2009) all predict individual differences in delay 

discounting.  

In this view, the prospection network complements the valuation and cognitive 

control systems. While the valuation regions compute the subjective worth of outcomes, 

the cognitive control regions modulate behavior in accordance with long‑ term goals, and 

the prospection network enriches the mental representation of the future, making delayed 

outcomes more vivid and thereby shifting intertemporal preferences (Peters and Buchel 

2011).  

Finally, several studies and theoretical models posit that intertemporal decisions 

unfold across both early and late processing stages, spanning sensory encoding and the 

generation or inhibition of motor responses (Frost & McNaughton, 2017; McClure et al., 

2004). Early sensory processing engages the thalamus and primary sensory cortices, 

motor execution relies on premotor cortex, cerebellum, and basal ganglia, and the 

suppression of motor impulses recruits’ regions associated with cognitive control (Frost & 

McNaughton, 2017) (Figure 3, panel B). 
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Figure 3. Panel A. Graphical representation of the three proposed neural networks involved in 

intertemporal decision-making, i.e., valuation (red), cognitive control (blue) and 

imagery/prospection (green) (Peters and Büchel, 2011). Panel B presents a suggestion of 

subcortical-cortical feedback loops involved in intertemporal choices. The left part of the figure is 

the lateral surface of the brain, and the right part is the medial part (Frost and McNaughton, 2017). 

It is important to remark that the proposed networks are not fully distinct at the 

anatomical level, but instead involve partially overlapping regions, particularly within the 

prefrontal cortex (PFC). As a matter of fact, despite the different networks have often been 

conceptualized as being opposed to one another, and empirical findings provide mixed 

support for a crucial role of each network to varying degrees (Scheres et al., 2013), their 

substantial overlap suggests that intertemporal decisions may emerge from recurrent 

subcortical–cortical feedback loops that cut across network boundaries (Frost & 

McNaughton, 2017). Building on the available evidence, the review of the literature by 

Frost and McNaughton (2017) proposed a five-stage model of cognitive processing 

involved in intertemporal choice, linking each stage to corresponding neural activity and 

thereby integrating the various networks into a unified framework. These stages include 

object representation (sensory regions), memory processes (prospection-related areas), 

valuation (valuation regions), comparison of options (cognitive control regions involved in 

difficult choices), and motor response (premotor and motor areas) (Figure 3, panel B). 
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Structural studies 
Structural neuroimaging provides a complementary perspective to functional work 

by capturing relatively stable anatomical features that may constrain or modulate the 

neural processes underlying intertemporal choice. Although functional studies have 

extensively characterized the valuation, cognitive control, and prospection networks 

involved in temporal discounting (Peters & Büchel, 2011), considerably less is known 

about the anatomical substrates that support individual differences in discounting behavior.  

A growing, but still limited, body of research has investigated the structural neural 

correlates of temporal discounting (TD), with most work concentrating on grey matter 

volume (GMV), cortical thickness (CT), and cortical surface area. Studies in healthy 

individuals consistently show that steeper discounting of delayed rewards is associated 

with reductions in several cortical metrics, including lower GMV in the inferolateral 

prefrontal cortex (PFC), as well as reduced GMV, CT, and surface area in the dorsolateral 

PFC (Bjork et al., 2009; Drobetz et al., 2014), and decreased GMV in the orbitofrontal 

cortex (OFC; Li et al., 2019). Subcortical alterations have also been documented, such as 

reduced volume in the bilateral ventral putamen and prefrontal subgyral regions, alongside 

increased parahippocampal volume in individuals showing heightened TD (Cho et al., 

2013; Yu, 2012). At the cortical level, however, findings diverge, with several studies 

reporting that greater temporal discounting is associated with increased structural indices. 

For example, in contrast to Li et al. (2019), Cho et al. (2013) observed that increased GMV 

and CT in the orbitofrontal gyrus predicted steeper discounting. Additional findings 

associate higher temporal discounting with increased GMV in the bilateral anterior 

cingulate cortex (ACC; Li et al., 2019), medial frontal gyri, left middle cingulate (Cho et al., 

2013), left middle frontal gyrus, and the right frontal pole (FP; Wang et al., 2016). Beyond 

this, elevated temporal discounting has also been linked to increased CT in the left lateral 

FP and to larger cortical surface area in the left FP, OFC, and mid-ACC (Drobetz et al., 

2014). A few additional studies have further refined this picture. In the largest adult sample 

to date (N = 1,038), Owens et al. (2017) found that steeper discounting was associated 

with reduced GMV across 20 cortical regions, and that total cortical, but not subcortical, 

GMV predicted discounting behavior. This pattern suggests that temporal discounting 

reflects widespread cortical organization rather than localized abnormalities in isolated 

regions. Compelling evidence for the involvement of posterior cortical systems comes from 

studies of medial temporal lobe structures. More recently, variations in the bilateral ACC 

grey matter volume (Li et al., 2018) and right inferior frontal sulcus depth (McIntyre-Wood 
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et al., 2022) have been associated with inter-individual differences in discount rates. 

Lempert et al. (2020) reported that reduced entorhinal cortical thickness predicted steeper 

discounting in both healthy older adults and individuals with mild cognitive impairment. 

This relationship was partially mediated by episodic memory performance, and greater 

entorhinal thickness was associated with richer perceptual detail in autobiographical 

memories. However, despite this emerging pattern, the literature remains marked by 

substantial inconsistencies and methodological limitations. These quantitative measures 

are plastic and change over time as a result of physiological aging, learning, or the onset 

of certain diseases (Armstrong et al., 1995, Tudor et al., 2021). It is therefore difficult to 

determine whether anatomical changes preceded the development of TD or are a 

neuroplastic consequence of this phenomenon. 

Given the distributed and integrative nature of the neural systems supporting 

temporal discounting, approaches that capture large-scale cortical organization may offer 

additional explanatory power. In this context, morphological measures, such as sulcal 

morphology (SM) that assess the morphology of the cortex by estimating the width and 

depth of several major sulci of the brain have emerged as promising complementary 

measures. Recent work suggests that sulcal-based measures can outperform traditional 

morphometric metrics in predicting behaviorally-relevant variability. In particular, qualitative 

alterations in sulcal patterns have been highlighted as sensitive indicators of structural 

brain integrity (Tudor et al., 2022).  The first study of the present thesis, presented in the 

following chapter, was therefore aimed at analyzing a qualitative morphological feature, 

namely the cortical sulcus pattern that, compared to the aforementioned quantitative 

methods, is relatively stable over time (e.g., Cachia et al., 2018; Mangin et al., 2010). In 

particular, given the role of the ACC in executive/cognitive control (Alvarez et al, 2006) and 

its involvement in TD (Schüller et al., 2019), we hypothesize that stable morphological 

features of ACC influence individual differences in intertemporal choice behaviors. 
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Lesion studies 
Complementing the correlational insights derived from functional neuroimaging, 

lesion studies provide crucial causal evidence on the neural mechanisms underlying 

intertemporal choice. One of the first systematic investigations in this domain was 

conducted by Fellows and Farah (2005), who compared the discounting behavior of 

individuals with ventromedial prefrontal cortex (vmPFC) lesions, patients with frontal 

lesions sparing the vmPFC, patients with non-frontal lesions, and healthy controls. While 

vmPFC patients exhibited a significantly foreshortened personal future time perspective 

relative to healthy controls, their temporal discounting rates did not differ from those 

observed in the other patient groups or controls. This dissociation suggested that a 

reduced subjective temporal horizon does not necessarily translate into steeper 

discounting, although the authors acknowledged that the task employed may have lacked 

sensitivity to detect subtle impairments in intertemporal valuation.  

Subsequent work has refined this interpretation by highlighting a more specific role 

of orbitofrontal subregions in the valuation of delayed outcomes. In non-human primates, 

focal lesions to the medial orbitofrontal cortex (mOFC), but not to adjacent vmPFC 

regions, resulted in markedly steeper temporal discounting (Rudebeck et al., 2006), 

indicating that mOFC plays a critical role in evaluating rewards delivered at different delays 

(Noonan et al., 2010). Importantly, several vmPFC patients in the Fellows and Farah 

(2005) study had lesions that spared the mOFC, leaving open the possibility that the 

neural substrate critical for intertemporal valuation had not been fully compromised. 

However, direct causal evidence for the role of mOFC in human intertemporal choice was 

later provided by Sellitto and colleagues (2010). Across multiple delay discounting tasks 

involving both primary and secondary rewards, individuals with focal mOFC lesions 

showed a preference for immediate options and exhibited significantly steeper discounting 

than both healthy controls and brain-damaged controls. Lesion extent was positively 

associated with impatience, providing strong evidence that mOFC integrity is necessary for 

computing the subjective value of delayed outcomes.  

Beyond valuation mechanisms, lesion and disruption studies have highlighted the 

contribution of additional regions involved in control and conflict resolution. Disruption of 

lateral prefrontal cortex (lPFC) selectively increases impatient choices when immediate 

and delayed rewards are in competition, without affecting valuation per se (Figner et al., 

2010), suggesting a modulatory role over valuation regions, such as the mOFC. Similarly, 
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posterior parietal cortex has been implicated in difficult intertemporal decisions, particularly 

when the subjective values of the options are closely matched (Essex et al., 2012), 

pointing to the role of a broader frontoparietal network in deliberative choice. 

Emerging evidence also indicates that damage to the medial temporal lobe (MTL) 

can influence intertemporal decision-making indirectly, through impairments in episodic 

memory and future simulation. Patients with MTL lesions show deficits in episodic future 

thinking and reduced ability to vividly represent future outcomes, which in turn diminishes 

the impact of imagined future rewards on choice behavior (Palombo et al., 2014). 

Nevertheless, while these studies provide compelling causal evidence regarding functional 

specialization, they offer limited insight into how interindividual variability in brain structure 

contributes to differences in temporal discounting, an issue that is particularly relevant for 

regions implicated in conflict monitoring and cost–benefit integration, such as the anterior 

cingulate cortex. 
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Impulsive decision-making 
 

In the context of intertemporal choices, people often experience an internal conflict 

between an impulsive system oriented toward short‑ term reward and a reflective system 

capable of evaluating long‑ term outcomes. This conflict becomes particularly salient when 

individuals commit to a self‑ regulated course of action, such as quitting smoking, yet 

subsequently reverse that intention when an impulsive response prevails. These failures of 

self‑ control are commonly interpreted as manifestations of impulsivity, a multidimensional 

construct encompassing difficulties inhibiting maladaptive behaviors, a preference for 

immediate rewards, risk‑ taking, novelty seeking, impatience, and reduced capacity to 

sustain attention or goal‑ directed engagement (Evenden, 1999; Mitchell, 2004; Olmstead, 

2006; Robbins et al., 2012). 

Impulsivity can be conceptualized as a failure to appropriately integrate temporal 

information, particularly when immediate outcomes are weighted disproportionately 

relative to delayed ones. Classic theoretical contributions by Ainslie (1975) proposed that 

impulsive behavior arises from the hyperbolic nature of discounting, which renders 

immediate rewards disproportionately attractive and destabilizes long‑ term intentions. 

Similarly, Rachlin and Green (1972) conceptualized impulsivity as a breakdown of 

self‑ control emerging from the temporal structure of choice, while Logue (1988) integrated 

decades of research on delay of gratification into a unified account linking impulsive 

responding to temporal valuation. These foundational models established a strong 

conceptual link between impulsivity and the preference for immediacy, a link later 

reinforced by computational accounts of self‑ control (McClure et al., 2004). Despite this 

influential tradition, the extent to which delay discounting reflects self‑ control processes 

remains debated. Not all intertemporal choices require active inhibition: just as a 

non‑ smoker exerts no effort to refrain from cigarettes, an individual with a low discounting 

rate may automatically prefer the delayed reward without engaging regulatory 

mechanisms. This distinction has led several researchers to argue that discounting tasks 

alone may not fully capture the regulatory dimension of impulsive behavior (Duckworth & 

Steinberg, 2015; Lempert & Phelps, 2016). 

The relevance of this framework becomes particularly evident in the study of 

psychopathology. Impulsive decision‑ making has been identified as a critical factor in the 

transition from controlled to compulsive substance use. For example, in addictive disorders 

(AD), impulsivity manifests through reduced ability to delay gratification (e.g., smoking for 
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immediate reward), heightened risk‑ taking for uncertain outcomes (e.g., continuing to 

gamble after a win), and diminished sensitivity to potential losses (e.g., academic or 

occupational impairment due to excessive alcohol consumption) (Goschke, 2014; Koob & 

Volkow, 2016). In the same view, converging evidence from a recent meta‑ analysis 

indicates that individuals with gambling disorder exhibit broad cognitive and impulsive 

impairments, including deficits in motor and attentional inhibition, discounting, and 

decision‑ making, suggesting a general predisposition toward premature, weakly regulated 

actions that may contribute to the onset and maintenance of the disorder (Ioannidis et al., 

2019).  

Finally, recent methodological advances have deepened our understanding of the 

dynamics underlying impulsive decision‑ making. Process‑ tracing studies using 

mouse‑ tracking reveal that motor trajectories often deviate toward the immediate reward 

even when individuals ultimately choose the delayed option, indicating that impulsive 

tendencies shape not only the final choice but also the unfolding decision process (Calluso 

et al., 2015, 2017). Individuals with steeper discount rates show stronger and less stable 

deviations, consistent with a broader vulnerability to premature responding. Neuroimaging 

evidence complements these findings, showing that such dynamics reflect heightened 

sensitivity to immediate reward signals and reduced engagement of control‑ related 

prefrontal regions (Calluso et al., 2019; 2020; Hare et al., 2009; Kable & Glimcher, 2007). 

Indeed, impulsive decision-making reflects a dynamic imbalance between neural systems 

involved in reward valuation and those supporting cognitive control. These findings 

resonate with transdiagnostic models of psychopathology, such as the RDoC framework, 

which conceptualize impulsive decision‑ making as a cross‑ cutting vulnerability spanning 

reward valuation, cognitive control, and arousal/regulation systems (Insel et al., 2010). 
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Temporal Discounting as a Transdiagnostic 
Factor and Marker of Addictive Behavior 

 

For decades, psychiatry has been animated by the pursuit of neurocognitive 

mechanisms that transcend the confines of traditional diagnostic categories. Echoing this 

transdiagnostic ambition, the National Institute of Mental Health’s Research Domain 

Criteria (RDoC) initiative endeavors to chart the fundamental dimensions of cognitive, 

perceptual, and social functioning that may illuminate novel therapeutic targets. Within this 

conceptual landscape, the behavioral-economic construct of temporal discounting, 

capturing the systematic devaluation of rewards as their receipt becomes temporally 

distant, has assumed a position of prominence (Lempert et al., 2019). Steeper discounting 

trajectories, typically indexed by a higher temporal discount rate and a lower area under 

the curve, are widely interpreted as signaling an impulsive preference for immediate 

gratification over deferred but potentially greater rewards (e.g., Mazur, 1987; Odum, 2011). 

Notably, elevated temporal discounting has been documented across a diverse array of 

psychiatric conditions, giving rise to the proposition that excessive devaluation of delayed 

outcomes constitutes a genuinely transdiagnostic process, one that may offer a unifying 

lens through which to discern shared mechanisms underlying heterogeneous forms of 

psychopathology (Amlung, 2019). 

Previous narrative reviews by Bickel (2012) and Lempert (2019) have summarized 

evidence of steep discounting associated with numerous health conditions. Specifically, 

higher temporal discount rate has been observed in behavioral addictions (Amlung et al., 

2017; Cheng et al., 2021; Weinsztok et al., 2021), substance use disorders (Amlung et al., 

2017; MacKillop et al., 2011; Strickland et al., 2021), attention-deficit/hyperactivity disorder 

ADHD (Jackson & MacKillop, 2016; Marx et al., 2021; Mostert et al., 2015), depression 

(Amlung et al., 2019; Imhoff et al., 2014; Pulcu et al., 2014), bipolar disorder (Ahn et al., 

2011; Amlung et al., 2019; Brown et al., 2018), borderline personality disorder (Amlung et 

al., 2019; Berenson et al., 2016; Paret et al., 2017) and bulimia nervosa (Amlung et al., 

2019; Kekic et al., 2016; McClelland et al., 2016).  

Nevertheless, emerging data suggests that some types of psychopathologies are 

linked to discount rates that are lower than those of healthy individuals. For instance, 

individuals with anorexia nervosa (AN) consume inadequate amounts of food, seemingly 
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foregoing the immediate reward of food consumption in favor of a potential future reward 

(further weight loss) (Amlung et al., 2019; McClelland et al., 2016; Steinglass et al., 2012). 

In a similar prospective, individuals with obsessive–compulsive personality disorder 

(OCPD) show personality traits of perfectionism and rigidity, as well as ritualized behaviors 

(Pinto et al., 2014), without the intrusive obsessions seen in obsessive–compulsive 

disorder (OCD). Therefore, the existing literature suggests that delay discounting lies on a 

continuum (see Figure 3 below in Lempert (2019)). Indexing the location of different 

disorders along this continuum may elucidate the degree to which delay discounting 

should be considered as a viable and necessary treatment target in the pursuit of 

ameliorating transdiagnostic symptoms. 

 

 
 
Figure 3. Hyperbolic delay discounting rates lie on a spectrum. Most individuals discount delayed 

rewards to some degree, but psychopathology has been associated with discounting delayed 

rewards too little (left) or too much (right) (Lempert et al., 2019). 

 

Although many studies have examined how temporal discounting relates to different 

mental disorders, most have relied on traditional case–control comparisons. As a result, 

we still know relatively little about which underlying, cross-cutting psychological factors 

drive these associations. This gap likely reflects the limitations of current diagnostic 

systems, which group individuals by symptom clusters rather than by the processes that 
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cut across disorders. An alternative approach is to shift the focus away from diagnostic 

labels and instead investigate the specific psychological traits that co-occur with patterns 

of delay discounting across multiple conditions. For example, anorexia nervosa is 

classified as an eating disorder, yet it also shares features such as avoidance and 

persistent anxious preoccupations with disorders like obsessive–compulsive disorder 

(OCD) and social anxiety disorder (SAD). In a study comparing individuals with AN, OCD, 

SAD, and healthy controls, higher trait anxiety predicted a stronger preference for delayed 

rewards (Steinglass et al., 2017) suggesting that different traits may relate to temporal 

discounting in distinct ways: impulsivity may promote steeper discounting, whereas anxiety 

may be associated with more patient decision-making. Viewing psychopathology 

dimensionally may therefore clarify why results on delay discounting remain mixed in 

certain diagnostic groups, including autism spectrum disorders and major depressive 

disorder (Dombrovski et al., 2011; Carlisi et al., 2017).  

However, delay discounting is not only relevant in clinical contexts, playing a 

significant role also in nonclinical situations. For example, it can impact welfare policy 

decisions and financial choices, where failing to consider future outcomes may lead to 

suboptimal decisions (Angeletos et al., 2003; Vanderveldt et al., 2016). Higher temporal 

discounting is associated with higher credit debts (Meier & Sprenger, 2010), less 

creditworthiness (Meier & Sprenger, 2012) and later uptake of welfare programs (Fang & 

Silverman, 2006). On the other hand, studies in the educational and work context found 

that people with higher discount rates have lower academic attainment (Freeney & 

O’Connell, 2010), put less effort into searching for a good job (Della Vigna & Paserman, 

2005), have lower job satisfaction (de Ruijter et al., 2023) and experience lower wage 

growth (Munasinghe & Sicherman, 2005). Moreover, research on college students has 

shown that steeper delay discounting is linked not only to greater substance use but also 

to earlier initiation and a broader range of substances consumed (Kollins, 2003), 

suggesting that temporal discounting captures a core aspect of impulsive decision-making 

that may contribute to vulnerability to addictive behaviors even in non-clinical young adult 

samples. Based on these promises, a second study presented here, in Chapter 3 of the 

present thesis seeks to advance current knowledge by examining how temporal 

discounting relates to psychological risk factors implicated in vulnerability to addictive 

behaviors within a university student population. 
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Temporal Discounting as Trait or State 
 

As a multicomponent construct, intertemporal choice and TD are sensitive to both 

state and trait influences (Odum and Baumann, 2010). That is, individual differences in 

discount rate can be attributable not only to traits (i.e. differences between subjects, such 

as genetic factors or personality), as just reported above, but also to internal state features 

(i.e. differences within the same subject, such as stress or hunger) and aspects of the 

situation, such as reward type (Kirby 2009; Peters and Büchel, 2011). A state variable 

influences behavior over a relatively short time frame, whereas a trait variable is a 

relatively stable pre-existing characteristic an individual brings to a situation. State 

variables shown to affect the degree of discounting include the type of outcome (e.g., 

Madden et al., 1997; Odum and Rainaud, 2003), the magnitude of an outcome (e.g., 

Green et al., 1997), and the context in which a choice is made (e.g., Dixon et al., 2006).  

Several trait variables have been shown to affect the degree to which an outcome is 

discounted as well. For example, steeper discounting is associated with more fatalism 

(Johnson et al., 2010), less agreeableness (Miller et al., 2008) and less empathy (Kirby et 

al., 1999) as measured by personality scales. Similarly, certain psychiatric conditions, such 

as disinhibitory behavior problems and antisocial personality disorders (e.g., Bobova et al., 

2009; Crean et al., 2000; Petry, 2002), as well as pathological gambling and drug abuse, 

are associated with elevated levels of delay discounting (see Petry and Madden, 2010 for 

review). It is interesting, however, that self-report measures of impulsivity have weak and 

often inconsistent relations to the degree of delay discounting across studies (e.g., Bobova 

et al., 2009; Janis and Nock, 2009; Perales et al., 2009; Smith and Hantula, 2008; see de 

Wit et al., 2007 for review). These inconsistencies may be partly explained by the fact that 

self-report scales measure multiple facets of impulsivity, including the tendency to act 

without thinking and the inability to withhold a pre-potent response, rather than aspects 

that are more specifically related to sensitivity to delayed outcomes. 

 

Delay Discounting as a Trait 
Despite well-documented associations between delay discounting and a range of 

personality-related characteristics, surprisingly little work has directly addressed whether 

discounting itself should be regarded as a personality trait (de Wit, 2008; Kirby, 2009). 

Personality traits are commonly defined as “relatively enduring patterns of thoughts, 
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feelings, and behaviors that reflect stable tendencies to respond in particular ways under 

specific circumstances” (Roberts, 2009). This definition naturally raises the question of 

whether an individual’s characteristic degree of temporal discounting constitutes a direct 

expression of such a dispositional tendency. 

A first criterion for establishing a trait is temporal stability. In this respect, delay 

discounting demonstrates consistently strong test–retest reliability across a variety of 

tasks, reward magnitudes, and populations. Simpson and Vuchinich (2000), for example, 

reported exceptionally high reliability over a one-week interval using a hypothetical 

monetary choice task, and substantial stability has been observed even across a full year 

(Kirby, 2009). Comparable findings have been replicated in numerous studies employing 

different methodologies and samples (e.g., Baker et al., 2003; Beck & Triplett, 2009; Black 

& Rosen, 2011; Ohmura et al., 2006; Takahashi et al., 2007). However, although these 

results indicate that discounting is relatively stable over short and medium time spans, 

further research is needed to determine whether this stability extends across longer 

developmental periods. 

A second criterion for defining a trait is cross-situational consistency: the tendency 

to respond in similar ways across different contexts, without requiring identical behavior in 

every circumstance (Roberts, 2009). In the domain of delay discounting, this criterion can 

be evaluated by examining whether individuals show similar discounting patterns across 

different types of outcomes. A substantial body of research demonstrates that individuals 

with opioid dependence, for instance, discount heroin more steeply than equivalent 

amounts of money (Madden et al., 1997), a pattern replicated across numerous 

substances including alcohol, cocaine, marijuana, and nicotine (e.g., Bickel et al., 1999; 

Coffey et al., 2003; Johnson et al., 2010; Petry, 2001). Importantly, this difference is not 

restricted to clinical populations: even individuals without problematic drinking discount 

alcohol more steeply than money (Odum & Rainaud, 2003). Similar gradients have been 

observed for a wide range of non-drug outcomes, including food, beverages, and various 

forms of entertainment (e.g., Estle et al., 2007; Odum & Baumann, 2007; Odum & 

Rainaud, 2003; Odum et al., 2006; Charlton & Fantino, 2008). These cross-commodity 

comparisons provide a valuable means of assessing whether discounting reflects a stable 

response tendency. If impatience functions as a trait, individuals who discount one type of 

reward steeply should also discount other rewards steeply, regardless of the specific 

commodity being evaluated or the contextual features surrounding the choice. This pattern 

of cross-outcome consistency would indicate that discounting reflects an underlying 
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dispositional tendency rather than a series of isolated, context-bound decisions. Overall, 

these findings indicate a meaningful degree of cross-situational consistency, supporting 

the view that discounting reflects a stable dispositional tendency. 

 

Delay Discounting as a State 
Another development stemming from Petry’s (2001) work was the recognition that 

delay discounting offers a powerful lens for examining state influences on impulsive choice 

(Odum, 2011b). State influences refer to temporary shifts in discounting produced by 

situational variables, and one of the clearest demonstrations of this comes from comparing 

how different outcomes are discounted acrross different conditions. A large body of 

research shows that discounting rates vary systematically across commodities and 

fluctuate in response to transient physiological, emotional, and contextual conditions. 

Acute stress and negative affect, for example, reliably increase preference for immediate 

rewards (Field et al., 2006; Lempert et al., 2012), while states of deprivation, such as 

hunger, craving, or withdrawal, steeper discounting for relevant outcomes by enhancing 

the motivational salience of immediate reinforcement (Giordano et al., 2002; Amlung et al., 

2011). Even subtle contextual manipulations, including framing, priming, or perceived 

resource scarcity, can modulate discounting (Kim & Zauberman, 2013; Haushofer & Fehr, 

2014). State-dependent variability is also evident in the classical finding that money is 

discounted less steeply than primary or consumable rewards such as food, alcohol, and 

drugs (Madden et al., 1997; Estle et al., 2007). These differences reflect dynamic shifts in 

subjective value that depend on an individual’s current motivational state: people with 

substance-use disorders discount their drug of choice more steeply than equivalent 

amounts of money, and similar patterns appear in non-clinical populations when the 

outcome aligns with immediate needs or desires (Odum & Rainaud, 2003). 

Within this context, two hypotheses have been proposed to explain why addictive 

substances are discounted more steeply than money. The Withdrawal Hypothesis 

suggests that substances associated with a physical withdrawal syndrome are discounted 

more steeply because of the importance of avoid or alleviate withdrawal. However, this 

account cannot fully explain the evidence that addictive substances are discounted more 

steeply also when individuals know they would not experience withdrawal (Petry, 2001). 

This limitation has led to the Addiction Hypothesis, which posits that individuals who are 

susceptible to abusing a substance discount that substance more steeply than money 

regardless of their current withdrawal state. This perspective explains why people in 



Temporal Discounting as Trait or State 

28 
 

recovery from alcohol misuse continue to discount alcohol more steeply than monetary 

rewards, even in the absence of acute withdrawal. Together, these observations highlight 

that the steep discounting of addictive substances reflects not only enduring vulnerabilities 

but also state-dependent motivational processes that transiently amplify the value of 

immediate consumption. 

To sum up, substantial evidence indicates that delay discounting is sensitive to both 

state and trait influences (see Odum and Baumann, 2010, for review). A state variable 

influences behavior over a relatively short time frame, whereas a trait variable is a 

relatively stable pre-existing characteristic an individual brings to a situation.  
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Implications for interventions aimed at reducing 
temporal discounting 

 

Thus far, temporal discounting has been characterized as a core mechanism 

underlying intertemporal decision-making and a potential behavioral marker of vulnerability 

to maladaptive and addictive behaviors. Steep discounting reliably predicts poorer 

outcomes during substance-use treatment (Stanger et al., 2012; Washio et al., 2011), 

greater likelihood of relapse following treatment completion (MacKillop & Kahler, 2009; 

Sheffer et al., 2014), and higher relapse rates even among individuals who quit without 

formal intervention (Yoon et al., 2007). Given the potential role of temporal discounting in 

maladaptive behaviors, many efforts have been made to identify experimental 

manipulations that reduce temporal discounting. Indeed, certain laboratory manipulations 

in both healthy individuals and psychiatric populations can shift discount rates in 

predictable ways (MacKillop et al., 2011; Lempert and Phelps, 2016). For example, 

enhancing individuals’ awareness of future outcomes, or increasing the subjective value 

they assign to those outcomes, tends to reduce temporal discounts (Bartels & Urminsky, 

2015). One illustrative example comes from reframing choices to include explicit zeros 

(e.g., “$10 today and $0 in two weeks” versus “$0 today and $20 in two weeks”), a 

manipulation that reliably shifts preferences toward delayed rewards (Radu et al., 2011). 

By making the foregone future payoff more salient, this framing highlights the implicit costs 

of opting for the immediate reward. Similarly, instructing participants to reflect on such 

opportunity costs also leads to lower discount rates (Senecal et al., 2012). 

Among the most robust approaches to reduce discounting is episodic future thinking 

(EFT), which refers to the mental simulation of events that may take place in one’s 

personal future. It has been proposed that the capacity for episodic future thinking serves 

to make future outcomes more concrete to guide intertemporal decision-making (Boyer, 

2008; Bulley et al., 2016). EFT reliably reduces discounting in healthy adults (Peters & 

Büchel, 2010; Benoit, Gilbert, & Burgess, 2011) and in clinical populations, including 

smokers (Daniel, Stanton, & Epstein, 2013) and individuals with obesity (Stein et al., 

2016). Positive affective manipulations, such as recalling gratitude or nostalgic 

experiences, have similarly been associated with more patient intertemporal choices 

(DeSteno et al., 2014; Huang et al., 2016), although recent evidence suggests that positive 

memory recall alone may not reliably reduce discounting (Lempert et al., 2024). 
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Interventions targeting executive functions also show promise. Working memory 

and inhibitory control training have been found to attenuate impulsive choice, with 

individuals demonstrating increased preference for larger, delayed rewards following 

cognitive training (Bickel et al., 2011; Franco-Watkins et al., 2010). Bickel et al. (2011) 

showed that targeted working memory training can significantly reduce delay discounting 

among stimulant-dependent individuals. Participants who completed an intensive working 

memory program exhibited a marked increase in preference for larger, delayed rewards 

relative to an active control group, suggesting that strengthening executive resources 

enhances the capacity to value future outcomes. Alongside, Franco-Watkins, Pashler, and 

Rickard (2010) similarly found that cognitive training tasks engaging executive control 

processes can reduce temporal discounting in healthy adults, suggesting that 

strengthening the ability to maintain goal-relevant information supports more 

future-oriented choice behavior. Notably, Aranovich et al. (2016) observed that the 

magnitude of the cognitive-challenge effect, such as the temporary reduction in temporal 

discounting following engagement in a demanding cognitive task was inversely related to 

participants’ baseline working memory performance. Individuals with higher working 

memory capacity showed little to no reduction in discounting, and in some cases even 

exhibited slight increases, following cognitive challenge, suggesting that greater baseline 

executive resources may buffer cognitive control processes against transient 

perturbations. This pattern indicates that the efficacy of acute cognitive engagement in 

modulating intertemporal choice may depend on the integrity of underlying working 

memory mechanisms.  

Complementing this cognitive-training approach, mindfulness-based interventions 

offer a parallel pathway for reducing temporal discounting. Both brief mindfulness 

inductions and trait mindfulness are associated with lower discounting, likely through 

improved emotion regulation and reduced reactivity to immediate affective cues (Canali, 

2021; Hendrickson & Rasmussen, 2013). Consistent with this pattern, clinical studies 

indicate that mindfulness-based emotion-regulation protocols can reduce discounting 

among individuals with addictive behaviors (Blackburn et al., 2021). 

 

Altogether, the evidence reviewed in this chapter highlights temporal discounting as 

a multifaceted construct shaped by behavioral tendencies, contextual influences, and 

large-scale neural systems. By integrating perspectives from decision science, affective 

neuroscience, and psychopathology, temporal discounting emerges not only as a 
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fundamental mechanism of intertemporal choice but also as a promising marker of 

vulnerability for maladaptive behaviors. The following sections of the dissertation build on 

this foundation by examining how stable neuroanatomical features may contribute to 

individual variability in discounting (Study 1), how discounting tendencies relate to 

psychological vulnerability in emerging adults (Study 2), and how these insights can inform 

preventive, interventional strategies aimed at reducing addiction-related risk (Study 3). In 

this way, the theoretical principles outlined here serve as the conceptual anchor for the 

empirical and applied investigations that follow, allowing temporal discounting to be 

explored across complementary levels of analysis. 
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STUDY 1 

Asymmetry of the sulcal pattern of the Anterior 
Cingulate Cortex Modulates Delay Discounting 

 

The broad overview of temporal discounting presented above highlights substantial 

inter‑ individual variability in the tendency to devalue delayed rewards, yet the 

neurobiological sources of this variability remain insufficiently understood. Functional 

neuroimaging studies have consistently implicated the valuation, prospection, and 

executive‑ control systems in intertemporal choice, with the anterior cingulate cortex 

(ACC) emerging as a key region for conflict monitoring, cognitive control, and the 

integration of value signals during decision‑making (Botvinick et al., 2004; Kable & 

Glimcher, 2007; Peters & Büchel, 2011). More recently, structural neuroimaging studies 

have begun to investigate the anatomical underpinnings of DD by examining cortical 

thickness (Sadeh et al., 2023), grey matter volume (Wang et al., 2017), and white matter 

integrity (Han et al., 2018; Olson et al., 2009) related to the anterior cingulate cortex 

(ACC). Moreover, inter-individual differences in discount rates have been linked to 

variations in bilateral ACC grey matter volume (Li, Hu, & Liu, 2019) and to the depth of the 

right inferior frontal sulcus (McIntyre-Wood et al., 2022). However, structural investigations 

have largely focused on quantitative measures such as cortical thickness, grey matter 

volume, or white‑ matter integrity, features that are plastic and subject to change across 

development, learning, and disease, making it difficult to determine whether anatomical 

differences precede or follow the emergence of discounting tendencies.  

To overcome these limitations, we analyzed a qualitative feature of the cortex, 

namely the sulcal pattern, which is established during fetal development and remains 

stable throughout life (Cachia et al., 2021). Unlike the aforementioned quantitative 

features, sulcal patterns are determined during fetal life (between 10 and 15 weeks for the 

ACC) and are already evident at birth, in the same way as is observed in human adulthood 

(Chi et al., 1977; Mangin et al., 2010; Zilles et al., 2013). Moreover, the morphological 

pattern does not change over time, as established by longitudinal studies (Cachia et al., 

2016; Schwizer Ashkenazi et al., 2024; Tissier et al., 2018). In light of these peculiarities, 

in recent years the influence of sulcal patterns on cognition has drawn increasing attention 
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from several researchers who proposed the idea that certain morphological patterns may 

be statistically advantageous for cognitive development (Cachia et al., 2021; Santacroce et 

al., 2024; Tissier et al., 2018), serving as a sort of positive “neural fingerprint”. Several 

studies have investigated the anterior cingulate cortex (ACC) and its two morphological 

variants, defined by the presence (“double parallel pattern”) or absence (“single pattern”) 

of the paracingulate sulcus (PCS), which runs dorsal and parallel to the (always present) 

cingulate sulcus. In particular, the asymmetry of the ACC patterns (e.g., a double parallel 

pattern in one hemisphere and a single pattern in the other) has been repeatedly 

associated with better performance on cognitive control tasks both in adults (Fornito, 2004; 

Huster et al., 2009; Tissier et al., 2018) and children (Borst et al., 2014a; Cachia et al., 

2014). 

Given the role of the ACC in executive/cognitive control (Alvarez & Emory, 2006; 

Petersen & Posner, 2012) and its involvement in DD (Schüller et al., 2019; Seamans et al., 

2024), we hypothesized that these stable morphological features might explain individual 

differences in intertemporal choice behavior. Building on this premise, our study aimed to 

examine the relationship between ACC sulcal morphology and delay discounting behavior 

in a large sample of healthy young adults (N=390) provided by the Human Connectome 

Project (HCP). Given the known association between the ACC sulcal pattern asymmetry 

and the efficiency of cognitive control, in addition to the involvement of the ACC in DD 

discounting reported in previous studies, we hypothesized that individuals with an 

asymmetric ACC sulcal pattern might have lower temporal discounting rates compared to 

those with a symmetric pattern (i.e. choose the immediate reward less). The specificity of 

this relationship was assessed by controlling for the effect of a different sulcus (i.e., the 

intraparietal sulcus, IPS) along with other cognitive measures (e.g., memory and 

language). Although our main objective was to study the morphology of the ACC sulcus as 

defined by the presence or absence of the paracingulate sulcus, the morphological 

variability of the cingulate sulcus itself has also been examined using morphometric and 

qualitative morphological descriptors, albeit in less depth and mainly in clinical populations 

(Li et al., 2021; Meredith et al., 2012). Accordingly, in addition to ACC/PCS-based pattern 

classification, we investigated whether the symmetry or asymmetry of the cingulate sulcus 

interruption was associated with delay discounting in our sample.  

By focusing on stable, in utero-determined, morphological features, this research 

represents a first step to test whether steady structural configurations of the ACC provide a 

neural predisposition for the tendency to devalue future rewards across the lifespan. 
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Understanding this relationship may have important implications for interventions targeting 

cognitive control mechanisms in disorders characterized by impulsive decision-making. 

This paper has been accepted for the publication in the Brain Structure and 

Function journal as: “Asymmetry of the sulcal pattern of the Anterior Cingulate Cortex 

Modulates Delay Discounting” by Federica Santacroce*, Federica Procida*, Antonello 

Baldassarre, Arnaud Cachia, Carlo Sestieri, Giorgia Committeri. 

 

Methods and Materials 
Participants 

Participants were extracted from the 1200 Subjects Release (S1200) of the Human 

Connectome Project (HCP) dataset, with the following inclusion criteria: age range: 26–30 

years old; MRI field: 3T, DTI data (not analyzed for this study). Participants with quality 

control issues 

(https://humanconnectome.org/storage/app/media/documentation/s1200/HCP_ 

S1200_Release_Reference_Manual.pdf), major neurological diseases and psychiatric or 

medical disorders were excluded. A total of 390 participants (173 males, 44%) were 

included in the study. Participants gave informed consent, and all recruitment and 

acquisition methods were approved by the Washington University Institutional Review 

Board (IRB), following relevant guidelines and regulations. 

Cognitive measures 
The behavioral indices used in this study were derived from a Principal Component 

Analysis (PCA) performed by Santacroce et al. (2024) on all cognitive measures available 

in the HCP database (18 behavioural measures/metrics derived from 12 different cognitive 

tasks within 8 general cognitive domains). In particular, as a measure of DD, we used the 

third factor of the PCA, which explained 8.9% of the total behavioural variance and 

captured two self-regulation/impulsivity tasks typically used to assess delay discounting 

(https://humanconnectome.org/storage/app/media/documentation/s1200/HCP_S1200_Rel

ease_Reference_Manual.pdf).  In the two self-regulation/impulsivity tasks, DD was 

measured using the area under the curve (AUC) approach, which quantifies an individual's 

tendency to discount delayed rewards (Green & Myerson, 2004; Myerson et al., 2001). In 

particular, the AUC reflects the subjective decline in the value of delayed rewards over 

time, with smaller areas indicating greater discounting and larger areas indicating weaker 

https://humanconnectome.org/storage/app/media/documentation/s1200/HCP_%20S1200_Release_Reference_Manual.pdf
https://humanconnectome.org/storage/app/media/documentation/s1200/HCP_%20S1200_Release_Reference_Manual.pdf
https://humanconnectome.org/storage/app/media/documentation/s1200/HCP_S1200_Release_Reference_Manual.pdf
https://humanconnectome.org/storage/app/media/documentation/s1200/HCP_S1200_Release_Reference_Manual.pdf
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discounting. The task followed an adjustment titration paradigm (Estle et al., 2006) in 

which fixed reward delays were paired with dynamically adjusted reward amounts until an 

indifference point was reached, representing the delay at which a participant equated a 

smaller immediate reward with a larger delayed reward. Participants chose between a 

smaller immediate reward and a larger delayed reward across six delays (1 month, 6 

months, 1 year, 3 years, 5 years, 10 years) and two reward amounts ($200; $40,000). 

Each condition consisted of five trials, with the final choice determining the indifference 

point. On the first trial, the immediate reward was set at 50% of the delayed amount and 

adjusted up or down based on the participant's choice. Subsequent adjustments followed 

a fixed proportion of the previous change, rapidly converging on the indifference point for 

each delay-reward pair. These points were then used to calculate the AUC for each 

reward level. 

 As a behavioural control measure to assess the specificity of the relationship 

between ACC morphology and DD, we used the first factor of the PCA, which explained 

20.6% of the behavioural variance and captured performance on memory and language 

tasks.  

MRI acquisition and pre-processing 
The 3T anatomical MRI included in the HPC dataset corresponded to T1-weighted 

images acquired on Siemens 3T “Connectome Skyra” scanner using a 3D Magnetization 

Prepared Rapid Acquisition Gradient Echo (MPRAGE) sequence (TR = 2400 ms; TE = 

2.14 ms; TI = 1000 ms; flip angle = 8°; FOV = 224 × 224 mm; voxel size = 0.7 mm 

isotropic). The MRIs were preprocessed using the standard FreeSurfer pipeline used in 

HCP(Glasser et al., 2016). T1 MRIs were volumetrically registered to the MNI152 space 

using nonlinear FNIRT followed by surface registration to Conte69 ‘164k_fs_LR’ mesh(Van 

Essen et al., 2012), with FreeSurfer fsaverage as an intermediate.  

Based on each participant’s MRI scan, a 3D model of the cortical surface was 

reconstructed using FreeSurfer 5.2. This 3D model included the segmentation of the white 

matter, the tessellation of the grey/white matter boundary, the inflation of the folded, 

tessellated surface, and the correction of topological defects. 
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Characterization of the sulcal pattern  
Following the same approach developed in our previous work 36, the sulcal maps 

were superimposed on the corresponding highly inflated and pial surfaces for each 

participant to visualize the morphology of the ACC, using the Connectome Workbench 

visualization software. The sulcal pattern of the dorsal ACC was characterized according 

to Ono’s classification50 by visually inspecting each individual’s 3D mesh-based 

reconstruction. All MRI data were anonymized, and the ACC sulcal pattern was classified 

by two raters (FS and FP). The inter-rater reliability yielded an agreement of 92,82% 

regarding the presence of the single vs. double-parallel ACC pattern for both the left and 

right hemispheres. Sulcal pattern labeling was performed blind to potential confounds such 

as participants’ age, label in the contralateral hemisphere, and previously labeled IPS 

sulcal pattern. After that, all discrepant or doubtful cases (N=28, for each hemisphere) 

were re-examined by a third expert (GC). This process ensured a final agreed-upon label 

for every doubtful case, such that no commonly rated case remained unclear and no 

participant was excluded. 

The ACC sulcal pattern was classified into two anatomical variants according to  

Ono’s classification50 (“single type” or “double parallel type”), based on the 

absence/presence of the paracingulate sulcus (PCS), respectively (see Figure 1 for 

representative examples). The PCS, when present, was located dorsally to the cingulate 

sulcus and ran parallel to it51. To disambiguate the confluence of the PCS with the superior 

rostral sulcus (SRS), we defined the anterior border of the PCS as the point where the 

sulcus extended posteriorly beyond an imaginary vertical line perpendicular to the axis 

connecting the anterior and posterior commissures (AC-PC)52. The PCS was only 

considered to be present if it extended at least 20 mm horizontally beyond this imaginary 

vertical line. The sulcal pattern was considered “symmetric” if it was the same in both 

hemispheres and “asymmetric” if it differed between the hemispheres. In addition, we 

characterized the variability of the cingulate sulcus (CS) with respect to sulcal 

interruptions. Details regarding this further morphological classification are reported in the 

Supplementary Materials.  

The procedure for the characterization of the IPS, used as a control sulcus in the 

present study, has been described in detail in our previously published study36. Briefly, IPS 

morphology can have two different sulcal patterns: the “interrupted pattern,” when the 

course of IPS showed one or more interruptions by a cortical gyrus, and the “continuous 

pattern,” when no interruptions were detected. Since our previous study already 
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demonstrated that neither the right nor the left hemisphere IPS pattern influenced DD, 

here we further control for the IPS symmetric/asymmetric pattern to ensure that the effect 

of cortical morphology on delay discounting is not generalized but specifically related to 

the ACC. Similar to the ACC, the symmetry/asymmetry IPS sulcal pattern was defined as 

“symmetric” if the sulcal pattern was identical in both hemispheres and “asymmetric” if it 

differed between the hemispheres. 

 

 

 
Figure 1. Sulcal pattern of the anterior cingulate cortex (ACC). a) Exemplars of single patterns 

in which only cingulate sulcus is present (sulci shown with cyan dashed lines). b) Exemplars of 

double-parallel patterns in which both cingulate (sulci shown with cyan dashed lines) and 

paracingulate (sulci shown with yellow dashed lines) sulci are present. LH left hemisphere, RH 

right hemisphere. 

 

Statistical analysis 
Based on the classification of the ACC pattern in each participant, an exact binomial 

test with exact Clopper-Pearson 95% CI was performed to examine the difference in 
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distribution between the “single” and “double parallel” patterns in the left and right 

hemispheres and between the symmetry and asymmetry distributions. To compare the 

distribution of the ACC pattern and its left-right asymmetry in our sample versus that 

obtained in previous studies with healthy adults35,52 and children35,39,40, we performed a 

chi-square (χ²) test with post-hoc pairwise comparisons, adjusted by Bonferroni correction, 

controlling for the sample size.  

We then investigated the association between ACC individual morphological 

variability and DD rate using a Generalized Linear Model (GLM) including the ACC pattern 

symmetry/asymmetry and sex as categorical factors and the third factor of the PCA (delay 

discounting) as dependent variable. Sex was included in the analysis because of its effect 

on cortical morphology53,54. Detailed analyses and results on the potential effect of the CS 

interruptions and their symmetry/asymmetry are reported in the Supplementary Materials.  

To test the specificity of the ACC/DD relationship, we performed a similar GLM, 

adding the symmetrical/asymmetrical pattern of the IPS as further morphological variable 

and the first two factors of the PCA (memory and language, executive functions) as further 

behavioral variables. Specifically, the symmetrical/asymmetrical pattern of the ACC and 

the symmetrical/asymmetrical pattern of the IPS were included in the control GLM as fixed 

factors, and the first (memory and language), second (executive functions), and third 

(delay discounting) factors of the PCA as the dependent variables. 

For completeness of analysis, we performed an additional single GLM entering all 

individual PCA metrics/tasks as dependent variables in relation to ACC morphology and 

sex as independent variables. The results are presented in Table S2 of the Supplementary 

Materials. 

 

Results 
Sulcal pattern distribution and comparison with previous studies 

The manually labeled ACC patterns were classified by two raters (FS and FP) into 

two types based on the presence (double parallel type) or absence (single type) of the 

PCS. The inter-rater reliability yielded an agreement of 92.82% regarding the presence of 

the single vs. double-parallel ACC pattern for both the left and right hemispheres.  

The ‘single’ type was found in 81.28% of the right hemispheres and 53.85% of the 

left. Our sample was nearly evenly divided between symmetrical and asymmetrical 

patterns, with 51.54% being symmetrical and 48.46% being asymmetrical.  
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A binomial test showed a significant difference in the number of “single” and “double 

parallel” ACC patterns in the right hemisphere (p< 0.001, 95% CI of 77.4%-85.1%), the 

“single” being more represented than the “double parallel” type. In contrast, there was no 

significant difference in the proportion of “single” and “double parallel” ACC patterns in the 

left hemisphere (p= 0.14, 95% CI of 49.0%-58.7%) and no significant difference between 

symmetric and asymmetric ACC (p= 0.57, 95% CI of 46.7%-56.4%). The ACC pattern 

distributions are shown in Figure 2. 

 

 
Figure 2. Sample distribution of the ACC sulcal pattern. Percentage of participants with single 

(in cyan) and double parallel (in yellow) patterns in both left and right hemispheres, and percentage 

of the same participants divided into symmetrical (dark grey) and asymmetrical (light grey with 

oblique lines) patterns. ***p < 0.001; sample size n = 390. 

 

 

The chi-square (χ²) analysis, controlling for the sample size, revealed a significant 

difference among the five studies regarding the frequency distribution of the left (χ²= 

53.6998, df= 4, p< 0.001) and right (χ²= 20.0947, df= 4, p< 0.001) ACC pattern as well as 

of the ACC symmetry/asymmetry (χ²= 36.7340, df= 4, p< 0.001) (see Figure 3 and Table 1 

for details). Post-hoc pairwise comparisons showed that in the study by Tissier and 

colleagues35, the frequency of the double pattern of the left ACC was higher than that 

observed in all other studies (all p< 0.001). For the right hemisphere, Tissier’s and Borst’s 

samples showed a more balanced distribution of the two patterns than in the present study 
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(both p< 0.001). Regarding the distribution of symmetry/asymmetry, Tissier’s cohort 

showed a higher prevalence of the asymmetric pattern than all other studies (all p < 

0.001). Details of post-hoc pairwise comparisons are reported in the Supplementary Table 

S1. 

 

Figure 3. Comparison with previous studies. Comparison between the present and previous 

studies of ACC sulcal pattern sample distribution. The cyan lines represent the “single” pattern and 

the yellow lines the “double-parallel” pattern, in the a) left (LH) and b) right (RH) hemispheres. The 

red line represents the “symmetric” pattern and the green line the “asymmetric” pattern (c). 

Relation between ACC symmetry/asymmetry and delay discounting 
The relationship between the ACC symmetry/asymmetry and the DD rating was 

assessed using a Generalized Linear Model (GLM) including the ACC 

symmetry/asymmetry (“symmetric” vs “asymmetric”) and sex (“males” vs “females”) as 

categorical factors and the third factor of the PCA (reflecting the delay discounting 

measure) as the dependent variable.  

This analysis revealed a main effect of the ACC sulcal pattern asymmetry (β= 0.2117, df= 

1, p= 0.036), whereas no effect was found for sex (β= -0.01510, df= 1, p= 0.137). In 

particular, an asymmetric pattern of ACC was associated with a higher AUC, indicating a 

less steep discounting of delayed rewards (see Figure 4).  

 To test the specificity of the ACC effect on the DD measure, we 1) added a 

categorical factor related to the IPS asymmetry (“symmetric” vs. “asymmetric”) in the 

previous GLM and 2) also analyzed the first (memory and language) and the second 

(executive functions) factor of the PCA as a dependent variable. The analysis confirmed 

the main effect of ACC symmetry/asymmetry on DD (β= 0.2059, df= 1; p= 0.042), but no 

significant results were found for the two additional PCA factors (both p> 0.05). Again, an 

asymmetric pattern of the ACC was associated with a higher AUC. Conversely, the 

symmetry/asymmetry of the IPS pattern did not affect DD (see Figure 4), demonstrating a 
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morphological dissociation (p= 0.519). Finally, there was no significant effect of the IPS 

symmetry/asymmetry on the first (β= -0.0254, df= 1, p= 0.809) and second (β= -0.1301, 

df= 1, p= 0.209) factors of the PCA.    

 

Figure 4. ACC symmetry/asymmetry pattern and Delay Discounting. Violin and box plot with 

individual data points represent the scores of the Delay Discounting Factor in participants with 

symmetric (red box) and asymmetric (green box) ACC (left boxes) and IPS (control sulcus, right 

boxes). Boxes indicate the interquartile Range (IQR, data points included between the first quartile, 

25th percentile, and the third quartile, 75th percentile); horizontal black lines indicate the median 

(50th percentile). The whiskers go from the minimum to the lower quartile (the start of the box) and 

then from the upper quartile (the end of the box) to the maximum. ***p < 0.05; sample size n = 390.  

Discussion 
The present study provides the first evidence that a stable, in utero-determined 

morphological feature of the anterior cingulate cortex (ACC) is associated with 

interindividual differences in delay discounting (DD) behavior. Our results indicate that 

individuals with an asymmetric ACC sulcal pattern are less prone to discounting future 

rewards compared to those with a symmetric pattern, suggesting a greater ability to value 

delayed outcomes. This finding is possibly due to enhanced cognitive control mechanisms, 

consistent with previous evidence linking ACC asymmetry to better cognitive control 

(Fornito et al., 2004). Notably, this effect was not observed in relation to other cognitive 

domains, including memory and language, or morphological features (the symmetry of the 

interruption pattern of either the CS or the IPS).  
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Our findings are consistent with previous studies that highlight the ACC as a critical 

hub in the brain network of decision making, mediating conflict monitoring, effort allocation, 

and reward evaluation55,56, all aspects that are central to discounting behavior. Such 

cognitive functions, which require the involvement of many high-level processes, need to 

be viewed from a network perspective. The main effect of ACC asymmetry on DD 

observed in the present study underscores the importance of inter-hemispheric 

communication, and particularly the critical role of structural brain asymmetries in shaping 

intertemporal decision-making. Specifically, our results show that individuals with an 

asymmetric ACC sulcal pattern exhibit a higher area under the curve (AUC) in DD tasks, 

indicating a more patient evaluation of delayed rewards compared to individuals with a 

symmetric ACC pattern. This suggests that the structural hemispheric asymmetry within 

the ACC may shape the development of cognitive control mechanisms, supporting the 

ability to prioritize long-term benefits over immediate gratification. Conversely, the 

presence of hemispheric symmetry may impose constraints on the development of 

efficient cognitive control mechanisms, potentially limiting the ability to delay gratification.  

The presence of structural asymmetry in the ACC is likely to reflect intra-

hemispheric specialization, reducing duplication and improving neural efficiency57, as 

information transfer is more efficient between nearby areas within the same hemisphere 

than between distant regions across both hemispheres58,59. The asymmetry of the ACC 

may foster the effective integration between reward valuation, e.g., through intra-

hemispheric connections with the limbic system and vmPFC60,61, and behavioral 

regulation, e.g., through intra-hemispheric connections with the dlPFC62,63. This may 

explain why individuals with an asymmetric ACC sulcal pattern show a greater ability to 

resist impulsive choices efficiently and to evaluate delayed rewards more promptly, a 

cognitive advantage that may be linked to associations between cortical folding 

morphology and the brain’s underlying structural connectivity64–66. On the other hand, the 

lack of a significant relationship between ACC morphology and other cognitive measures 

not typically associated with the ACC (i.e., memory and language) reinforces the evidence 

that the effects of ACC sulci asymmetry is preferential for DD.  

Indeed, when ‘Executive Functions’ were examined together with the ‘Memory and 

Language’ factor, the ACC–DD association remained the most prominent effect in our 

dataset. The lack of a corresponding association with the factor named “executive 

functions” (Factor 2) may appear unexpected. However, this result might be explained by 

the intrinsic heterogeneity of the executive domain, which aggregates partially dissociable 
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processes (e.g., inhibition, cognitive flexibility, planning). While we acknowledge that the 

behavioral battery of the HCP did not systematically cover the executive domain, the 

pattern of ACC may be only relevant for some, but not all, executive aspects and tasks. 

Consistent with this interpretation, previous studies have linked ACC sulcal patterns to 

Stroop Task and the Trail Making Test (TMT) in patients suffering from schizophrenia 

(e.g.35,67), but not to other executive measures like working memory39. Moreover, when 

considering individual tasks outside the PCA framework (see Table S2), we also observed 

an association between ACC symmetry/asymmetry and processing speed, a core ability 

strictly linked to executive functioning68 and indeed included in the second “executive 

function” PCA factor36. This indicates that the relationship between ACC morphology and 

cognition is not strictly limited to delay discounting at the single-task level. However, in the 

PCA-based analysis, the effect emerged only for the latent factor capturing delay 

discounting, suggesting that ACC symmetry/asymmetry may be more closely related to the 

shared variance underlying decision-making processes rather than  to that shared by 

different executive processes.  

Notably, we also found that the IPS pattern, a cortical region not directly involved in 

DD, did not affect delay discounting performance..  Interestingly, this finding supports 

a double dissociation framework, whereby the morphology of regions not involved in DD 

(such as IPS) fails to predict DD performance, but also the morphology of DD-related 

regions (e.g., ACC) does not predict unrelated cognitive functions (e.g., memory and 

language). Notably, few studies examining the relationship between morphology and 

cognition have controlled for either other cortical regions or cognitive domains: some 

studies have focused on the morphological control (e.g., Occipito-Temporal sulcus)35, 

others on the cognitive control (e.g., verbal working memory)39,40. This is the first study to 

simultaneously test both morphological and behavioral specificity in a single, large sample. 

To enhance the robustness of this emerging field, it will be essential for future research to 

investigate the bidirectional specificity of brain-behavior relationships, ensuring that 

particular structural configurations are more or less selectively mapped to distinct cognitive 

profiles. 

The confirmation of such a relationship would also allow for extending the present 

findings to personalized clinical applications aimed at improving intertemporal decision-

making. For example, non-invasive neuromodulation techniques that are widely used in 

the treatment of dysfunctional choice behavior (e.g., addiction and gambling disorders), 

such as transcranial magnetic stimulation (TMS), could be adapted differently according to 
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ACC morphology, potentially improving their ability to delay actuation. Indeed, several 

studies have found positive effects on delay discounting measures in patients suffering 

from addiction disorders through stimulation of the dlPFC69,70. Due to its medial location, 

the ACC is not an obvious target for stimulation. However, through its functional 

connection to the dlPFC, the morphological pattern of the ACC could likely influence the 

outcome of such treatments. It would also be interesting to exploit alternative 

neuromodulation techniques, such as the transcranial ultrasound stimulation (TUS)71, 

which is more effective in targeting deep brain regions compared to TMS. 

From an anatomical point of view, we observed that the distribution of the ACC 

single and double parallel patterns is balanced in the left hemisphere, consistent with 

previous studies (see Borst et. al., 2014, Cachia et. al., 2014, Yucel et. al., 2001)39,40,52, 

except for Tissier et. al., 201835 which shows discordance with all other studies. In the right 

hemisphere, we observed that the single pattern is significantly more frequent than the 

double parallel pattern, contrary to what reported in previous studies (see Tissier et. al., 

2018, Borst et. al., 2014)35,39. Finally, the interstudy comparison revealed discrepancies in 

the distribution of the asymmetric ACC pattern between the study by Tissier et. al., 201835 

and all other studies (see Borst et. al., 2014, Cachia et. al., 2014, Yucel et. al., 

2001)39,40,52, as well as between the study by Tissier et. al., 201839 and the present study. 

As shown in Figure 3, studies with smaller sample sizes tend to deviate more from the 

others, to varying degrees, as previously discussed.  

We suggest that the small sample size may introduce more random variability into 

the results, leading to inter-studies discordance, particularly when comparing studies with 

limited cohorts to larger samples such as those used in our study (N=390) and in the study 

by Yucel et. al., 200152 (N=171). It is indeed well established that detecting small genetic 

effects associated with complex traits, such as cortical morphology, requires large sample 

sizes72, particularly when examining these traits in relation to behavior73. In addition to 

sample size, discrepancies across studies may also partly reflect methodological 

heterogeneity in sulcal labeling and reliability assessment (e.g., number of raters, reliability 

metrics, and adjudication strategies), which can introduce measurement noise and affect 

the reproducibility of structure-behaviour associations. These considerations underscore 

the importance of conducting studies with sufficiently large sample sizes to reliably capture 

stable interindividual variability in cortical morphology and to ensure the reproducibility of 

findings. In addition, from a methodological standpoint, efforts to improve reproducibility 

increasingly emphasize standardization of sulcal labeling and the development of 
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automated solutions aimed at limiting rater-dependent variability. Notably, recent self-

supervised learning frameworks have shown encouraging potential for identifying ACC 

folding patterns, pointing to a more objective sulcal-pattern characterization74. 

Generally, from a purely qualitative point of view, as already noted36, the right 

hemisphere seems to have a clearer morphology, making it easier to detect morphological 

patterns with respect to its left counterpart. This may partly account for the fewer 

discrepancies observed among the comparison studies in the right hemisphere. It would 

be interesting to investigate the possible causes of this inter-hemispheric difference, 

possibly due to genetic factors related to cortical development. The phenomenon known 

as the Yakovlevian torque, i.e., the greater frontal extension of the right hemisphere and 

occipital extension of the left hemisphere along the medial line75, could be involved. In 

particular, the greater superficial extension of the right compared to the left frontal lobe 

may allow for less convoluted cortical folding and clearer sulcus morphological patterns. 

Furthermore, the notion that the right hemisphere develops earlier than the left and is 

therefore less influenced by the in-utero environment during fetal life76,77 supports the idea 

that its sulcal morphology stabilizes at an early stage, which may explain why it appears 

easier to define. However, further research is needed to clarify this aspect. 

While this study provides valuable insights for understanding the impact of ACC 

structural morphology on DD, it also raises questions about the broader neural 

mechanisms underlying DD. Future research should investigate whether ACC asymmetry 

interacts with other structural and functional features, such as white matter integrity or 

neural connectivity, to influence decision-making. It would also be interesting to investigate 

whether the sulcal pattern of other regions involved in DD additionally contributes to the 

effect of the ACC sulcal morphology. Moreover, longitudinal studies could clarify whether 

ACC asymmetry drives the development of delay discounting behavior, particularly in the 

case of disease onset, and shed light on the causal pathways involved. 

In summary, the present study highlights the critical role of cortical morphology, in 

particular the anterior cingulate cortex (ACC) sulcal asymmetry, in shaping individual 

differences in DD behavior. By demonstrating this sulcal morphological effect and its 

dissociation from unrelated cognitive domains or cortical regions, our findings suggest that 

stable anatomical features may serve as robust markers of impulsivity. The structural 

asymmetry of the ACC, likely reflecting interhemispheric specialization, not only advances 

our understanding of decision-making but also opens new avenues for personalized 

approaches to cognitive enhancement and clinical intervention. Sulcal patterns can be 
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regarded as a 'fossil trace' of early brain development, influencing later cognitive and 

functional adaptations. As such, they may act as potential neuroprotective or risk factors. 

This perspective enriches our interpretation of sulcal morphology as not just a static 

anatomical feature but as a persistent signature of developmental and functional 

optimization. These 'fossilized' features offer a unique window into the neural substrates of 

behavior and provide a foundation for future research aimed at disentangling the complex 

interplay between brain structure, function, and cognition. 

 

Table 1. Frequency distribution of left and right ACC pattern and ACC 
symmetry/asymmetry pattern in the present and previous studies.  

 Study Pattern N (%) chi-square 
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Left ACC 

Yücel et. al., 

2001 (N=171) 

Single 88 (51%) 

χ²=53.7585 

df = 4 

p < 0.001 

Double-parallel 83 (49%) 

Cachia et al., 

2014 (N=19) 

Single 13 (68%) 

Double-parallel 6 (32 %) 

Borst et al., 

2014 (N=18) 

Single 9 (50%) 

Double-parallel 9 (50%) 

Tissier et. al., 

2018 (N=38) 

Single 7 (18%) 

Double-parallel 31 (82%) 

Present study 

(N=390) 

Single 210 (54%) 

Double-parallel 180 (46%) 

Right ACC 

Yücel et. al., 

2001 (N=171) 

Single 123 (72%) 

χ²=20.0947 

df = 4 

p < 0.001 

Double-parallel 48 (28%) 

Cachia et al., 

2014 (N=19) 

Single 13 (68%) 

Double-parallel 6 (32%) 

Borst et al., 

2014 (N=18) 

Single 10 (56%) 

Double-parallel 8 (44%) 

Tissier et. al., 

2018 (N=38) 

Single 22 (58%) 

Double-parallel 16 (42%) 

Present study 

(N=390) 

Single 317 (81%) 

Double-parallel 73 (19%) 

Symmetry/asymmetry 

ACC 

Yücel et. al., 

2001 (N=171) 

Symmetric 96 (56%) 

χ²=36.7060 

df = 4 

p < 0.001 

Asymmetric 75 (44%) 

Cachia et al., 

2014 (N=19) 

Symmetric 11 (58%) 

Asymmetric 8 (42%) 

Borst et al., 

2014 (N=18) 

Symmetric 11 (61%)  

Asymmetric 7 (39%) 

Tissier et. al., 

2018 (N=38) 

Symmetric 9 (24%) 

Asymmetric 29 (76%) 

Present study 

(N=390) 

Symmetric 201 (51%) 

Asymmetric 189 (49%) 



Asymmetry of the sulcal pattern of the Anterior Cingulate Cortex Modulates Delay Discounting 

 
50 

 

 

 

 

 

 



 

 
 

 
 
 
 

Chapter 3 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 



Conceptual Framework 
 

 
53 

 

Conceptual Framework 
 

Given the central role of temporal discounting in shaping impulsive choice and 

vulnerability to substance use, prevention models that explicitly target the cognitive and 

emotional processes underlying steep discounting are particularly relevant for university 

settings. The Pr.I.M.E. project (Prevenire con Insight, Motivazione, Emozione) is a national 

prevention initiative designed to address early vulnerability to substance use among 

university students, a population characterized by low-risk perception, minimization of 

harm, and limited propensity to seek treatment. The Pr.I.M.E. project aims “to reduce the 

time of access to care, through the early identification of conditions of vulnerability and 

occasional substance use in the university population,” while validating an intervention 

model that can be transferred to other national contexts. The initiative is implemented 

through a public–public partnership funded by the Department for Anti-Drug Policies of the 

Presidency of the Council of Ministers of Italy and led by ASL Roma 1 in collaboration with 

the University “G. d’Annunzio” of Chieti-Pescara and “La Sapienza” University of Rome. It 

adopts a multi-component, evidence-based approach that combines participatory design, 

peer-to-peer engagement, and structured research activities. The project includes 

large-scale online screening, individual assessments involving psychological, 

neuropsychological, and a series of experiential group-based interventions aimed at 

strengthening emotional regulation, impulse control, insight processes, and coping 

strategies. The preventive model is articulated across several work packages, ranging 

from awareness campaigns to laboratory-based experiential sessions, motivational 

groups, and facilitated access to specialized services for students presenting risk factors. 

A distinctive feature of Pr.I.M.E is its focus on cognitive-emotional mechanisms that 

contribute to vulnerability in emerging adulthood. By targeting executive functions, 

emotional insight, and motivational processes, the project seeks to address the 

psychological dimensions that may underlie delayed help-seeking and persistent 

engagement in risky behaviors. This emphasis aligns with contemporary models of 

addiction that highlight the role of impaired decision-making, reduced future-oriented 

thinking, and heightened sensitivity to immediate rewards. In other words, the Pr.I.M.E. 

project is aimed at containing the risk of addiction by enhancing executive functions, 

insight processes, risk awareness in the university population. Within this framework, the 

following studies investigate how temporal discounting relates to vulnerability‑ related 
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psychological processes in university students (Study 2) and whether a multicomponent 

preventive program can modulate the cognitive and emotional mechanisms that sustain 

impulsive decision‑ making (Study 3). 

 

STUDY 2  

Choosing Now over Later: What Temporal 
Discounting Reveals about Italian University 
Students and Addiction Risk 

Considering recent evidence pointing to the increased rate of mental health 

problems in academic contexts (Schwaller, 2024), university students represent a target 

population for investigating vulnerability to maladaptive decision-making and addictive 

behaviors. During the university years, high delay discounting has been associated with 

procrastination, reduced self-control, and increased vulnerability to stressors commonly 

encountered in academic life (Schouwenburg & Groenewoud, 2001; Dewitte & 

Schouwenburg, 2002; Bertrams & Englert, 2013). Research on college students has 

shown that higher delay discounting is associated not only with greater substance use but 

also with earlier initiation and a wider range of substances consumed (Kollins, 2003). 

These findings suggest that temporal discounting captures a core dimension of impulsive 

decision-making that may contribute to vulnerability to addictive behaviors even in the non-

clinical population of young adults. 

However, evidence in student samples also indicates that distinct forms of impulsive 

decision-making may be differentially related to addictive behaviors. For instance, although 

Holt and colleagues (2001, 2003) found no differences in temporal discounting between 

gambling and non-gambling students, they reported steeper probability discounting among 

gamblers, suggesting that distinct decision-making processes may underlie different forms 

of addiction. Consistently, Dennhardt and Murphy (2011) showed that elevated delay 

discounting, presence of depressive symptoms and low distress tolerance, predicted more 

severe alcohol-related problems in college students. Together, these findings highlight the 

importance of considering delay discounting within a broader context of psychological risk 

factors. 
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Personality traits and executive functioning appear to play a central role in shaping 

intertemporal decision-making during university years. Students scoring high on 

neuroticism report higher levels of impulsive behavior (Whiteside & Lynam, 2001) and 

procrastination (Lee et al., 2006), whereas conscientiousness is associated with greater 

self-regulation and lower procrastination (Lee et al., 2006). Moreover, executive 

functioning has been directly linked to delay discounting: Weatherly and Ferraro (2011) 

found that university students with low executive functions exhibited steeper discounting 

across different outcome domains. These findings are particularly relevant given that the 

transition to adulthood is characterized by increased psychological demands and 

stressors, including academic and parental pressure, financial concerns, uncertainty about 

the future, and the increasing of responsibilities (Arnett, 2000; Beiter et al., 2015; Wood et 

al., 2018). Such challenges may exacerbate vulnerabilities in cognitive control and 

decision-making, increasing the risk for maladaptive behaviors. 

Despite extensive evidence linking delay discounting to addiction and related 

psychological processes, limited research has examined how temporal discounting is 

associated with addictive behavioral tendencies and personality traits in non-clinical 

university populations, particularly within the Italian context. While both temporal 

discounting and addiction-related behaviors are well documented in the literature, less is 

known about how these constructs interact with personality dimensions, as assessed 

through the Big Five, and subclinical addictive tendencies, as measured by the Addictive 

Behavior Questionnaire (ABQ), in Italian university students. The present study aimed to 

address this gap by investigating the relationship between temporal discounting and a 

range of psychological risk factors associated with the development and maintenance of 

addictive behaviors in this population. 

This study was conducted within the framework of the aforementioned Pr.I.M.E. 

project (Prevenire con Insight, Motivazione, Emozione), which aims to reduce the risk of 

addiction by enhancing executive functions, insight processes, risk awareness related to 

substance use, and coping strategies through experiential group-based activities. 

However, the present work focuses specifically on the screening phase of the project, 

examining behavioral and cognitive risk factors related to substance use, with particular 

emphasis on delay discounting. By isolating these dimensions, the study contributes to the 

broader Pr.I.M.E. framework by clarifying which cognitive processes may serve as early 

indicators of vulnerability prior to the implementation of preventive interventions.  
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This manuscript has been submitted to the Journal of Affective Disorders as” 

Choosing Now over Later: What Temporal Discounting Reveals about Italian University 

Students and Addiction Risk” by Federica Procida, Lorenzo Mattioni, Fabrizio Mascitti, 

Michela La Stella, Francesca Favieri, Renata Tambelli, Anna Maria Speranza, Giovanni 

Martinotti, Selene Regio, Giuseppe Ducci, Adele Di Stefano, and Giorgia Committeri. 

Methods and Materials 
Participants 

181 volunteer university students participated in the study. Two participants could 

not be included in the statistical analysis since they showed no choice variability in the 

intertemporal choice task (only now responses), precluding the estimation of the decision 

indices, four participants were excluded from the analyses, as their classification as 'other'  

as their gender did not allow for the assignment to a specific percentile, and one presented 

an outlier rate on the second scale of the Body Perception Questionnaire (BPQ). The final 

sample included 175 participants (115 F, 60 M), aged 18-33 (mean: 23.5 ds: ± 3.02).  

All participants were recruited from the University “G. d'Annunzio” of Chieti-Pescara 

and from La Sapienza University of Rome (Italy), through participant referral and 

classroom presentations in different degree courses.  

General socio-demographic information was collected for each participant through 

the biographical fact sheet of the Addictive Behavior Questionnaire (ABQ, Caretti et al., 

2016, see below) (Table 1). All participants classified as employed or as postgraduates 

(i.e., individuals who had completed an undergraduate degree and were enrolled in 

advanced training programs such as specialization schools) were nonetheless actively 

enrolled as students at the time of participation. 
 

Table 1. 

Sociodemographic information about the final sample.  

 N = 175 
Sex  
Female 115 (65.71%) 
Male 60  (34.29%) 
Relationship status  
Single 164 (93.71%) 
In a relationship 3     (1.71%) 
Cohabitation 7     (4.00%) 
Divorced 0     (0 %) 
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Widower 1     (0.57%) 
Education Level  
Diploma 64   (36.57%) 
Bachelor’s degree 87   (49.71%) 
Master’s degree 16   (9.14%) 
Postgraduate Qualification 8     (4.57%) 
Professional Occupation  
Employed 27    (15.43%) 
Student 120  (68.57%) 
Unemployed 15    (8.57%) 
Self-employed 4      (2.29%) 
Other 9      (5.14%) 
Religious Orientation  
Catholic 65    (37.14%) 
Atheist 
Buddhist 

78    (44.57%) 
1      (0.57%) 

Other 31    (17.71%) 
Sport Activity  
Yes 103  (58.86%) 
No 72    (41.14%) 

 

Procedure 
Each participant underwent a psychopathological and psychological assessment first, 

followed by an intertemporal choice task, by using the available, standardized Italian 

versions of all instruments.  All questionnaires and the intertemporal choice task were 

administered in electronic format through the Qualtrics platform and in presence of an 

experienced clinician (except for 15 participants). 

Psychopathological and psychological assessment 

All participants were submitted to a psychopathological and psychological evaluation 

including the following self-assessment questionnaires: 

● Addictive Behavior Questionnaire (ABQ, Caretti et al., 2016) is a 49-item 

questionnaire for categorical/dimensional assessment of addiction disorders. The 

instrument contains (i) a biographical form, (ii) a severity risk survey about 

substance, alcohol, gambling and internet use (section a: severity index; section b: 

obsessive-impulsive-compulsive spectrum), and (iii) (iii) a diagnostic section that 

supports the identification and characterization of different forms of addiction 

(substance use, gambling, and internet-related disorders) across the various stages 

of assessment and intervention. It consists of two instruments: The Severity Index 

(SI) and the Seven Domains Addiction Scale (7DAS).  The SI is used to assess the 
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current severity of addiction in four main areas: (1) psychoactive substances; (2) 

alcohol; (3) gambling; (4) Internet. Each area is composed of two sections: section 

A for the assessment of addictive behavior; and section B for the assessment of 

seven domains of psychopathology that are relevant to the understanding and 

treatment of addictive behaviors. The Seven Domains Addiction Scale (7DAS) 

included in section B measures seven different domains of mental and behavioral 

functioning that have been considered, according to clinical experience and 

research findings, as risk factors for the development and maintenance of addictive 

behaviors (7 Domains Addiction Scale, 7DAS). Each domain is investigated through 

7 questions about the frequency of experiences rated on a scale from 0 (never) to 5 

(always): D1, Separation anxiety, for the evaluation of difficulties to safely create 

and/or enjoy an attachment relationships (insecure attachment); D2, Affect 

dysregulation, for the evaluation of the difficulty to identify, differentiate, modulate, 

and communicate emotions; D3, Somatoform and psychological dissociation, for 

the evaluation of symptoms of altered state of consciousness and strangeness 

toward oneself, one’s own body and others; D4, Childhood traumatic experiences, 

for the evaluation of traumatized mental states related to experiences of emotional 

neglect or abuse during childhood; D5, Impulse Dyscontrol, for the assessment of 

the difficulty to resist an impulse, an impelling desire or behavior, despite the 

potential negative consequences of one’s actions; D6, Compulsive behavior and 

ritualization, for the evaluation of the tendency to compulsively implement repetitive 

and ritualized behaviors, even when they are dangerous for one’s own health or 

well-being; D7, Obsessive thoughts, for the evaluation of obsessional, recurrent, 

persistent and repetitive thinking and difficulty to make a decision. 

● Difficulties in Emotion Regulation Scale  (DERS, Sighinolfi, et al., 2010) is a 36‐item 

questionnaire that aims to assess emotional dysregulation using six subscales: non‐

acceptance of negative emotions (Non‐Acceptance), difficulties engaging in goal‐

directed behaviors when distressed (Goals), belief that there is little that one can do 

to regulate emotions effectively (Strategies), difficulties controlling impulsive 

behaviors when distressed (Impulse), lack of emotional awareness (Awareness) 

and lack of emotional clarity (Clarity). Each item is rated on a scale from 1 (almost 

never) to 5 (almost always). The total DERS score is calculated from the sum of all 
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six subscales, resulting in a score range of 36 to 180. Higher scores suggest more 

difficulties in emotion regulation. 

● Toronto Alexithymia Scale (TAS-20, Bressi, et al., 1996) is a 20-item questionnaire 

that measures difficulty in identifying and describing emotions. The TAS-20 has 3 

subscales: (i) Difficulty Describing Feelings subscale is used to measure difficulty 

describing emotions; (ii) Difficulty Identifying Feeling subscale is used to measure 

difficulty identifying emotions; (iii) Externally Oriented Thinking subscale. Items are 

rated using a 5-point Likert scale. Score higher than 51 are indicators of 

alexithymia. 

● Kessler Psychological Distress Scale (K10, Carrà, et al., 2011) is a 10-items 

questionnaire. The scale uses a five-value response option for each question (from 

1 =none of the time to 5= all of the time). The maximum score is therefore 50, 

indicating severe distress, and the minimum score is 10, indicating no distress. 

● Body Perception Questionnaire (BPQ-SF, Poli, et al., 2021) aims to measure body 

awareness and autonomic reactivity. Items ask participants to rate on a 5-point 

scale (from 1 = never to 5 = always) the frequency with which they feel aware of 

bodily sensations (body awareness) and the frequency with which they experience 

supradiaphragmatic reactivity and subdiaphragmatic reactivity. 

● Big Five Questionnaire (BFQ-2, Caprara, et al., 2008)  was designed to assess the 

constellation of traits defined by the Five Factor Theory of Personality: extraversion 

(E), indicating a confident and enthusiastic approach to interpersonal relations; 

agreeableness (A) or friendliness, the orientation towards altruism and taking care 

of the other; conscientiousness (C), the tendency to be precise, accurate and 

persevering; emotional stability or neuroticism (ES), the orientation to control of 

emotional states and impulses; and intellect or openness to experience (OE), the 

openness to new ideas, to the values of others and their feeling. 

 

Intertemporal choice task 

Participants chose between a hypothetical amount of money to be received 

immediately and a hypothetical amount of money to be received after some specified 

delay. There were six possible delays, each presented five times: 2 days, 2 weeks, 1 

month, 3 months, 6 months, and 1 year. The order of blocks of choices for each delay was 

randomized. Within each block (five choices), the delayed amount was always EUR 40, 
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while the amount of the immediate reward was adjusted based on the participant’s choices 

using a staircase procedure that converged on the amount of the immediate reward that 

was equal, in terms of subjective value, to the delayed reward. The first choice was always 

between a delayed amount of EUR 40 and an immediate amount of EUR 20. If the 

participant chose the immediate reward, then the amount of the immediate reward was 

decreased on the next trial; if the subject chose the delayed reward, then the amount of 

the immediate reward was increased on the next trial (figure 1), using a titration procedure 

that converges on the amount of the immediate reward that has equivalent subjective 

value as the delayed reward (Sellitto et al., 2010). This procedure was repeated until the 

subject made five choices for each delay, after which a new series of five choices with a 

different delay began for a total of 30 choices (Garofalo et al., 2022). The task lasted 

approximately 10 minutes. 

 

 

 
Figure1. Graphical representation of the delay discounting (DD) task. The task was adapted from Garofalo 
(2002) and modified to accommodate the graphical capabilities of Qualtrics. In each trial, participants chose 
between a smaller amount of money delivered immediately (top option in panel A) and a larger amount 
delivered after a delay (bottom option in panel A). If the participant chose the immediate reward (green 
rectangle), then the amount of the immediate reward was decreased on the next trial (top option in panel B,); 
if the subject chose the delayed reward (blue rectangle), then the amount of the immediate reward was 
increased on the next trial (bottom option in panel C).  

 

Data Analysis 
To quantify individual’s temporal discounting rate, we fit the choices to the hyperbolic 

model (Green and Myerson, 2004; Kable and Glimcher, 2007; Mazur, 1987). We 

determined the best-fitting discount parameter k in each condition: 
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𝑆𝑆 =  
1

(1 + 𝑘𝑘)
 

 
Where SVdel is the subjective value of the delayed reward, A is the amount of the delayed 

reward, D is the delay and K is the parameter that represents the participant’s discount 

rate (higher k values correspond to more impatience). Hyperbolic function was fitted to the 

data, separately, to determine the K constant of the best fitting delay discounting function 

using a nonlinear least-squares algorithm in R studio. SV represents the subjective value 

(expressed as a fraction of the delayed amount) and D the delay (in days). The larger the 

value of k, the steeper the discounting function, the more participants were inclined to 

choose small immediate rewards over larger delayed rewards. Following log-

transformation k constants were normally distributed, and therefore comparisons were 

performed using parametric statistical tests when appropriate. The analysis of K value was 

conducted using R scripts adapted from those originally developed by Garofalo et al. 

(2022) (https://osf.io/65bg7/). 

The association between the individual scores on these tests and the discounting 

rate (k) was assessed using independent Spearman’s correlations since the distribution of 

scores of these tests was not normally distributed (Shapiro < .001). All the statistical 

analyses were implemented in Jamovi 2.7.4.  

Results 
Intertemporal Choice Task 

For hyperbolic k scores, the bigger the value, the higher the delay discounting 

(Sellitto et al., 2010) Thus, k scores falling below the 10th percentile indicate extremely low 

performance, while k scores falling above the 90th percentile indicate extremely high 

performance. For instance, any female with 9 to 13 years of education scoring lower than 

−7.57 should be considered as presenting an extremely low delay discounting; similarly, 

any female with 9 to 13 years of education scoring higher than 2.73 on the hyperbolic k 

should be considered as presenting an extremely high delay discounting (see Garofalo et 

al., 2022).  

As expected, the k parameter reflecting the discount rate showed large inter-subject 

variability, with estimates that varied from a minimum of -9,92 to a maximum of 2.90 (mean 

= -5,00; standard deviation = 2,70). Values are in line with those observed in the Italian 

standardization (Garofalo et al., 2022), where average hyperbolic k was -4,35 for females 

https://osf.io/65bg7/
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and -4,13 for males of equivalent education level. Table 2 shows the distribution of k 

scores according to the percentiles provided by the same standardization. 

 
Table 2. 

Overall view of discounting rate stratification according to the percentile equivalent for 175 

participants (excluding the four participants with “Other” gender). K scores falling below the 10th 

percentile indicate extremely low performance (i.e. low discounter), while K scores falling above the 

90th percentile indicate extremely high performance (i.e. high discounter) (see Garofalo et al., 

2022). 

Hyperbolic K 
 Female Male 
High discounter (>90th) 24 (20.9%) 14 (23.3%) 
Medium discounter (>10th <90th) 78 (67.8%) 38 (63.3%) 
Low discounter (<10th) 13 (11.3%) 8 (13.3%) 
Tot 115 60 

 

Relationship between discounting rate and psychological factors 

As shown in Figure 2 and Table 3, we observed significant positive correlations 

(95% confidence intervals computed for all significant correlations) between delay 

discounting and domains 3 [Somatoform and psychological dissociation (Spearman’ rho = 

0.18, p = 0.017)] and 6 [Compulsive behaviors and ritualization (Spearman’s rho = 0.147, 

p = 0.052)] of the ABQ questionnaire (Figure 2A and 2B). We also found a significant 

positive correlation between the K value and the awareness subscale of the DERS test 

(Spearman’s rho = 0.168, p = 0.027) (Figure 2C).  

A further significant positive correlation was detected between the k parameter and 

TAS-20 total (Spearman’s rho = 0.200, p = 0.008) as well as two TAS-20 subscales, the 

difficulty identifying feelings (Spearman’s rho = 0.172, p = 0.023) and the externally 

oriented thinking (Spearman’s rho = 0.231, p = 0.002) (Figure 2D-E). Given the exploratory 

nature of these analyses, uncorrected p-values are reported. 

No significant correlations were found between the K rates and K-10, BPQ and 

personality traits, as measured by the Big Five Questionnaire (BFQ) (Table 3).  

These results indicate that participants who are more impulsive in their decision-

making, preferring immediate gratification over delayed benefits, also show higher levels of 

somatoform and dissociative symptoms, as well as more frequent and intense obsessive 

thoughts. At the same time, they show higher lack of emotional awareness, struggling to 



Choosing Now over Later: What Temporal Discounting Reveals about Italian University Students 
and Addiction Risk 

 

 
63 

 

recognize their own emotions and focusing on external details rather than internal 

emotional states. Average values for each test are reported in Table 4. 

 

 

 

 

 
Figure 2. Correlations between the delay discounting parameter K hyperbolic and psychological measures 
(Domain 3-ABQ, Domain 6-ABQ, DERS-Awareness, TAS-20, Difficulty Identifying Feelings, Externally 
Oriented Thinking). Points represent individual data; dashed lines indicate linear fits. 

 

 
 

Table 3.  

Correlation coefficients between the delay discounting rate (k parameter) and study variables. Statistically 
significant correlations are shown in red. 

Variable Spearman's 
rho 

p-value 

A Severity Index – Substance use 0.193 0.246 

B Severity Index – Obsessions/impulses/compulsions 
substance use 

0.005 0.977 

A Severity Index – Alcohol -0.009 0.925 

B Severity Index – Obsessions/impulses/compulsions alcohol 0.040 0.691 

A Severity Index – Gambling 0.342 0.408 

B Severity Index – Obsessions/impulses/compulsions gambling 0.396 0.379 
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A Severity Index – Internet -0.033 0.690 

B Severity Index – Obsessions/impulses/compulsions internet -0.016 0.855 

Domain 1 – Separation anxiety -0.012 0.872 

Domain 2 – Affective dysregulation 0.127 0.093 

Domain 3 – Somatoform and psychological dissociation 0.180 0.017 

Domain 4 – Traumatic childhood experiences 0.053 0.483 

Domain 5 – Impulse Dyscontrol 0.037 0.623 

Domain 6 – Compulsive behaviors and ritualization 0.147 0.052 

Domain 7 – Obsessive thoughts 0.126 0.096 

DERS – total 0.103 0.176 

Nonacceptance 0.085 0.265 

Goals 0.021 0.787 

Impulse 0.123 0.104 

Strategies 0.027 0.726 

Awareness 0.168 0.027 

Clarity 0.126 0.096 

K10 – total 0.036 0.632 

TAS-20 total 0.200 0.008 

Difficulty identifying feelings 0.172 0.023 

Difficulty describing feelings 0.047 0.538 

Externally oriented thinking 0.231 0.002 

Body awareness -0.090 0.239 

Supradiaphragmatic reactivity 0.114 0.134 

Body awareness/Subdiaphragmatic reactivity 0.022 0.768 

Agreeableness -0.094 0.215 

Conscientiousness 0.067 0.379 

Emotional stability -0.098 0.197 

Extraversion -0.079 0.299 

Openness -0.079 0.298 

 

Table 4. 

 Mean and standard deviation for each questionnaire on the total sample (N=175). 

Addictive Behavior Questionnaire (ABQ) (mean ± sd) 
Severity Index (SI)  
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A-Addictive Behaviors-substance use (4.58 ± 2.98) 
B-Obsessions-Impulses-Compulsions (7.61 ± 5.49) 

A-Addictive Behaviors-alcohol (3.48 ± 1.93) 
B-Obsessions-Impulses-Compulsions (4.42 ± 3.20) 

A-Addictive Behaviors-gambling (12.71 ± 12.40) 
B-Obsessions-Impulses-Compulsions (4.16±2.53) 

A-Addictive Behaviors-internet (6.80 ± 4.70) 
B-Obsessions-Impulses-Compulsions (6.11 ± 5.10) 

7-Domain (7DAS)  
D1-Separation Anxiety (13.04 ± 6.89) 

D2-Affective Dysregulation (12.58 ± 5.08) 
D3- Somatoform and Psychological Dissociation (4.23 ± 4.16) 

D4-Childhood Traumatic Experiences (6.65 ± 6.32) 
D5-Impulse Dyscontrol (11.03 ± 5.03) 

D6-Compulsive Behaviors and Ritualization (9.07 ± 5.60) 
D7-Obsessive Thoughts (13.87 ± 6.51) 

Difficulties in Emotion Regulation Scale (DERS) (88.75 ± 25.81) 
Non-acceptance (13.81 ± 6.23) 

Goals (15.22 ± 5.09) 
Impulse (12.64 ± 5.06) 

Strategies (19.45 ± 7.77) 
Awareness (15.02 ± 4.99) 

Clarity (12.63 ± 4.31) 
Kessler Psychological Distress Scale-10 (K10) (21.94 ± 8.16) 

Toronto Alexithymia Scale-20 (TAS) (45.36 ± 11.14) 
Difficulty identifying feelings (14.98 ± 5.86) 
Difficulty describing feelings (13.29 ± 4.70) 
Externally oriented thinking (17.09 ± 4.17) 

Body Perception Questionnaire (BPQ)  
Body awareness (13.97 ± 4.34) 

Supradiaphragmatic reactivity (10.06 ± 2.50) 
Body awareness/Subdiaphragmatic reactivity (12.34 ± 3.54) 

Big-Five Questionnaire (BFQ)  
Agreeableness (6.35 ± 1.70) 

Conscientiousness (7.04 ± 1.90) 
Emotional stability (5.49 ± 2.05) 

Extraversion (6.10 ± 1.99) 
Openness (7.53 ± 1.87) 

 

 

 

Discussion 
The present study contributes to the understanding of vulnerability to addictive 

behaviors in university students, a population that has received comparatively limited 

attention despite being exposed to academic, social, and developmental stressors. 

Previous research has indicated that university students may be at increased risk for 

non-prescribed substance use—including illegal drugs (e.g., cannabis, ketamine, cocaine) 

and the non-medical use of prescription medications (e.g., analgesics, sedatives, 

tranquilizers, stimulants)—and may experience poorer outcomes in psychological 

treatment compared to employed young adults, likely due to student-specific pressures 
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and instability (Bennett & Holloway, 2014; El Ansari et al., 2015; Barnett et al., 2022; 

Schwaller et al., 2024; Favieri et al., 2023). Within this context, investigating psychological 

and decision-making factors associated with vulnerability represents an important step 

toward the prevention of risky or addictive behaviors and the early identification of 

individuals who may be particularly vulnerable to developing them. 

Beyond confirming the association between temporal discounting and impulsive 

decision-making, the present findings highlight a set of psychological dimensions that may 

co-occur with steeper delay discounting in university students. Using a standardized delay 

discounting task alongside a comprehensive psychological assessment, we observed that 

higher discount rates showed a significant association with two specific domains of the 

Addictive Behavior Questionnaire (ABQ). These findings suggest that temporal discounting 

in this population may reflect a broader pattern of affective and behavioral dysregulation 

rather than impulsivity alone. This interpretation is consistent with previous research 

linking steeper delay discounting to maladaptive and inflexible behavioral patterns (Lange 

& Eggert, 2015; Reynolds et al., 2006). 

In particular, the association between steeper discounting and somatoform and 

dissociative symptoms aligns with evidence indicating that individuals characterized by 

somatization or dissociation often seek immediate relief from distressing bodily or 

emotional states. Such behaviors may reflect a preference for short-term alleviation of 

discomfort over longer-term adaptive strategies. Previous studies reported somatization 

and dissociation in individuals with substance use disorders linking them to emotion 

regulation difficulties and trauma-related processes (Hasin & Katz, 2007; Kirmayer & 

Taillefer, 1997; Favieri et al., 2025). In this framework, higher temporal discounting may 

reflect reduced engagement with future-oriented representations of the self, potentially 

impairing the valuation of delayed outcomes. Rather than implying a causal pathway, 

these findings suggest that dissociative tendencies and steep discounting may represent 

interconnected manifestations of vulnerability within a broader affective-cognitive profile. 

Similarly, the association between temporal discounting and Compulsive Behaviors and 

Ritualization points to a potential link between steep discounting and rigid, repetitive 

behavioral strategies aimed at reducing immediate distress or uncertainty. Compulsive 

behaviors are often characterized by short-term relief at the expense of long-term flexibility 

and adaptive functioning. This pattern is consistent with evidence that individuals with 
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obsessive-compulsive tendencies may display altered intertemporal decision-making, 

prioritizing immediate reduction of discomfort over delayed benefits (Steinglass et al., 

2016; Story et al., 2015). From this perspective, steeper discounting may be associated 

with a reliance on habitual or ritualized responses, which can contribute to maladaptive 

behavioral cycles (Boyer & Liénard, 2006). Importantly, these findings support the view 

that temporal discounting may capture compulsive as well as impulsive dimensions of 

behavior. 

Taken together, the observed associations suggest that vulnerability to addictive 

behaviors should be considered in a complex frame including emotional, cognitive, and 

behavioral dysregulation. During intertemporal decision-making, anticipated rewards are 

known to elicit physiological and visceral responses, which may be particularly salient in 

individuals with emotional dysregulation. Consistent with the somatosensory amplification 

hypothesis, increased bodily responses to anticipated outcomes may bias individuals 

toward immediate rewards (Nakao et al., 2002; Nyklícek & Vingerhoets, 2000; Wise & 

Mann, 1994; Scarpazza et al., 2017). In line with previous findings, greater difficulties in 

emotion regulation have been associated with steeper delay discounting (Scheres et al., 

2013). However, the extent to which delay discounting directly reflects self-control 

processes remains debated, as not all intertemporal choices necessarily involve deliberate 

regulatory effort (Lempert et al., 2019). 

In this context, the present findings are consistent with integrative models of addiction 

that emphasize the interplay between impulsivity, compulsivity, emotional dysregulation, 

dissociation, and obsessive tendencies (Caretti et al., 2018). Many individuals with 

problematic substance use or behavioral addictions report intrusive thoughts and repetitive 

behavioral patterns that may serve either to obtain immediate gratification or to alleviate 

emotional distress. The associations observed in this study suggest that temporal 

discounting may index decision-making styles that are embedded within this broader 

network of psychological processes. A further relevant finding concerns the association 

between temporal discounting and alexithymia. Alexithymia, characterized by difficulties in 

identifying and describing emotions, has been linked to heightened awareness of bodily 

signals and increased interoceptive sensitivity (Brower et al., 2021). Previous research 

indicates that individuals with higher levels of alexithymia tend to display greater 

impatience in intertemporal choice tasks, particularly when immediate rewards are salient 

(Scarpazza et al., 2017). This tendency may be related to increased physiological arousal 
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elicited by immediate rewards, which enhances their subjective value relative to delayed 

outcomes (Laibson, 1997; Lempert et al., 2015, 2016). Neuroimaging studies further 

suggest that alexithymia is associated with altered processing of visceral and emotional 

signals, potentially biasing decision-making toward immediate options (Kano & Fukudo, 

2013; Moriguchi & Komaki, 2013). The association with the Externally Oriented Thinking 

(EOT) subscale of the TAS-20 further supports this interpretation. Individuals with high 

EOT may have difficulty simulating future emotional states, relying instead on concrete 

and immediately accessible information when making decisions (Taylor and Bagby, 2004). 

As a result, future outcomes that require emotional forecasting or internal reflection may 

be undervalued, favoring choices that provide immediate and tangible rewards. Although 

this relationship remains underexplored, it represents a promising avenue for future 

research on the emotional mechanisms underlying intertemporal decision-making. 

In contrast to these findings, no significant associations were observed between 

temporal discounting and personality traits as assessed by the Big Five. While traits such 

as low conscientiousness and high neuroticism have been theoretically linked to poorer 

self-regulation and greater affective reactivity (Barrick et al., 2001; Conner & Abraham, 

2001; Goldberg et al., 1998; Paunonen, 2003), the absence of such relationships in the 

present study suggests that temporal discounting may not simply reflect stable personality 

dispositions. Consistent with previous research reporting weak and inconsistent 

correlations between delay discounting and self-report measures of impulsivity (de Wit et 

al., 2007; Reynolds et al., 2006; Calluso et al., 2015), these findings support the view that 

temporal discounting represents a distinct behavioral construct rather than a direct proxy 

for personality traits. 

Finally, temporal discounting was not associated with substance-use variables, as the 

study did not include clinical, subclinical, or recreational measures of substance use or 

addiction severity. This pattern is expected given the non-clinical nature of the sample, 

which showed generally low substance use levels and limited variability in addiction 

related symptoms. Under these conditions, detecting strong associations with clinical 

outcomes is inherently difficult. Nonetheless, the links observed with psychological 

vulnerability factors suggest that temporal discounting may still capture early, subclinical 

risk processes relevant to substance use vulnerability in non-clinical populations.  
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Despite the interesting preliminary insight emerging from this study, several limitations 

should be acknowledged. A first limitation concerns the cross-sectional and correlational 

nature of the design. Although this approach allowed us to capture an initial snapshot of 

the associations between personality traits, impulsivity, and intertemporal choice within a 

single session, it does not permit causal conclusions about the direction of these 

relationships. A second limitation relates to the relatively modest sample size. While 

recruitment constraints made this sample feasible for an in-person assessment, the limited 

statistical power may have reduced sensitivity to more subtle associations, particularly 

those involving personality traits. While a third limitation involves the exclusive use of self-

report questionnaires to assess psychological constructs. These measures are widely 

used and standardized yet remain vulnerable to reporting biases and may not fully capture 

dispositional tendencies beyond participants’ subjective accounts. Finally, the delay 

discounting task relied on hypothetical monetary rewards. This choice is common and 

methodologically validated, but hypothetical decisions may not entirely reflect the 

motivational dynamics of real-world intertemporal choices, potentially limiting ecological 

validity. 

Despite these limitations, the present study contributes to a growing body of research 

suggesting that vulnerability to addictive behaviors in university students may be better 

understood through the interaction of affective, cognitive, and behavioral processes rather 

than through impulsivity alone. By identifying associations between temporal discounting 

and dissociative, compulsive, and emotional processing dimensions, this work highlights 

potential targets for future research and prevention efforts aimed at reducing addiction risk 

in vulnerable student populations, particularly within the Italian context. These insights 

align with prevention-oriented approaches such as those of the Pr.I.M.E. project, which 

emphasizes the importance of early identification of cognitive and emotional vulnerability 

markers to inform competence‑ enhancing interventions. Integrating these dimensions into 

screening and preventive programs may help refining risk detection and developing 

tailored strategies for strengthening executive functions, emotional awareness, and 

adaptive decision‑ making in emerging adults. 
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STUDY 3 
Modulating Temporal Discounting and Addiction 
Risk Factors among Italian University Students 
through a Multicomponent Intervention  
 

The pattern of vulnerability identified in the previous chapter underscores the need 

for preventive approaches capable of addressing the early manifestations of risk in 

emerging adults. Within this perspective, the observation that steeper discounting behavior 

aligns with psychological fragility, maladaptive coping, and occasional substance use 

suggests that intertemporal decision‑ making may serve not only as a marker of 

vulnerability but also as a strategic entry point for intervention. Indeed, even if temporal 

discounting shows a degree of trait‑ like stability, growing evidence indicates that it also 

reflects a state‑ dependent process that can shift with fluctuations in emotional regulation, 

cognitive control, and the capacity to represent future outcomes. In our previous study, we 

found that steeper discounting was specifically associated with reduced emotional 

awareness, greater difficulty in identifying one’s own feelings, and a more externally 

oriented cognitive style, a profile that reflects impaired access to internal emotional states 

and aligns with established evidence linking alexithymic traits to impulsive choice (Procida 

et al., submitted). 

Following the rationale underlying the Pr.I.M.E. initiative, which was conceived as a 

multicomponent program designed to detect early signs of maladaptive tendencies and 

promote healthier decision‑making trajectories, the present study focused on 

psychological characteristics identified in prior literature as potential risks or protective 

factors for maladaptive behaviors, to clarify their contribution to addiction vulnerability 

among Italian university students. More specifically, the current study examined whether 

these dimensions function as meaningful intervention targets and whether the PR.i.M.E 

framework can reliably capture early indicators of addiction risk in this population. In doing 

so, the study contributes to validating an intervention framework designed to act on these 

core mechanisms and to assess whether the targeted constructs behave in line with the 

model’s theoretical assumptions. 

In recent years, universities have increasingly recognized the need to strengthen 

mental health services (Priestley et al., 2021; Vallianatos et al., 2019), although many 

students continue to rely on external healthcare systems (Barnett et al., 2021; Eisenberg 
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et al., 2018). Across Europe, several initiatives have been developed to address 

substance‑ related problems and behavioral addictions among university students. The 

UK, for example, has implemented university‑ level drug and alcohol policies and student 

support services, Ireland’s Healthy Campus initiative integrates health promotion and 

addiction prevention into campus life, and Norway’s “SHoT” study systematically monitors 

student well‑ being to inform policy. In Italy, prevention efforts have expanded through 

national programs such as PROBEN—based on the I COPPE framework (Prilleltensky et 

al., 2015; Esposito et al., 2022)—and through university‑ based initiatives including Units 

Health and a range of counseling services addressing substance use, behavioral 

addictions, and emotional regulation. Additionally, the University of Macerata (Italy) 

participated in the “#Lifeaddicted – Never Drive When You Are High” project, which 

involved educators and socio‑ health professionals working both in schools and in nightlife 

settings to engage young people and raise awareness about drug‑ related road accidents. 

The initiative also offered dedicated training courses for students (Marchenews, 2023). A 

similar commitment is shared by the University of Pavia, where counseling services are 

designed to help students identify their difficulties and navigate available treatment 

options. The university also offers group‑ based skills‑ training programs grounded in 

Dialectical Behavior Therapy (DBT) to strengthen emotion‑ regulation abilities and 

self‑ efficacy, alongside mindfulness groups aimed at reducing psychological and physical 

distress through the cultivation of awareness and personal resources. Overall, the 

European landscape reflects an increasingly articulated set of preventive efforts, where the 

promotion of general well‑ being and targeted actions addressing specific risks are 

progressively integrated into a unified approach. Yet, Italy still lacks research‑ intervention 

programs specifically tailored to university populations, underscoring the need for 

integrated approaches that combine scientific inquiry with transformative action. 

The intervention component of the present study responded to this gap by 

implementing a structured series of experiential workshops targeting psychological 

mechanisms implicated in early addiction vulnerability. Consistent with the Pr.I.M.E. 

framework mentioned above, the intervention unfolded across two sequential modules, 

such as the first module focused on Emotions and Desire, followed by a second module 

targeting Motivation for Change, delivered in small groups to foster engagement and 

leverage group‑ based regulatory processes. Each session blended psychoeducation with 

mindfulness‑ based and contemplative practices, body‑ awareness exercises, and 

respiratory and emotional‑ regulation techniques. This multicomponent structure was 
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designed to strengthen emotional clarity, enhance interoceptive and body‑ based 

awareness, and to support cognitive and executive control through mind–body integration. 

The workshop structure was intentionally shaped to support cognitive control and 

cultivate future‑ oriented episodic thinking, domains identified as closely intertwined with 

impulsive choice patterns in the study 2 of the present thesis. This approach aligns with a 

view of temporal discounting as a state‑ like construct that can be modulated through 

targeted strategies such as episodic future thinking, emotion‑ regulation techniques, and 

cognitive‑ control enhancement. By addressing these interconnected mechanisms 

simultaneously, the program adopts a comprehensive preventive stance aimed at reducing 

impulsivity and fostering more future‑ oriented decision‑ making in emerging adults. 

In line with this rationale, we expected participants of the experimental group to 

show improvements in the targeted psychological dimensions, while the control group 

should not exhibit comparable changes. A manuscript describing the study is currently in 

preparation. 

 

Methods and Materials 
Participants 
A total of 109 university students took part in this study. All individuals were part of the 

Study 2 cohort and were recruited on a voluntary basis at the University “G. d’Annunzio” of 

Chieti-Pescara (Italy). 

The experimental group consisted of individuals who, in accordance with the study 

protocol, agreed to complete both the initial screening assessment and a subsequent 

laboratory session, yielding 54 participants (42 women). After the experimental group was 

established, a control group of 55 participants (44 women) was selected. Control 

participants were matched to the experimental group on age and gender. Three 

participants were excluded because they could not be classified as high or low discounters 

according to the sex-specific percentiles proposed by Garofalo et al. (2022). The final 

sample consisted of 106 participants (age 19-33). Of these, 52 were included in the 

experimental group (42 women, mean age = 23.6, SD = 2.83) and 54 in the control group 

(44 women; mean age = 23.4, SD = 1.74) (see Table 1).  

Table 1. 

Sociodemographic information about the two final samples.  
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 Experimental Group (N=52) Control group (N=54) 
Sex   
Female               42 (8.80%) 44 (81.48%) 
Male 10 (19.20%) 10 (18.52%) 
Relationship status   
Single 49 (94.23%) 54 (10.00%) 
In a relationship 1 (1.92%) - 
Cohabitation 2 (3.85%) - 
Divorced - - 
Widower - - 
Education level   
Diploma 19 (36.54%) 16 (29.63%) 
Bachelor’s degree 25 (48.08%) 32 (59.26%) 
Master’s degree   6 (11.54%)    6 (11.11%) 
Postgraduate qualification 2 (3.85%) 0 (.00%) 
Professional occupation   
Employer 14 (26.92%) 4 (7.41%) 
Student 35 (67.31%) 39 (72.22%) 
Unemployed 3 (5.77%) 1 (1.85%) 
Self-employed - 3 (5.56%) 
Other -   7 (12.96%) 
Religious orientation   
Catholic 16 (3.77%) 20 (37.04%) 
Atheist 23 (5.77%) 29 (53.70%) 
Buddhist 1 (1.92%) 1 (1.85%) 
Other 12 (23.08%) 5 (9.26%) 
Sport activity   
Yes 28 (53.85%) 28 (51.85%) 
No 24 (46.15%) 26 (48.15%) 

 

Procedure 
Participants initially underwent a psychopathological and psychological assessment 

and subsequently completed an intertemporal choice task, administered with the 

standardized Italian versions of all instruments.  

All questionnaires and the intertemporal choice task were administered 

electronically via the Qualtrics platform and in the presence of an experienced clinician, 

with the exception of 15 participants who completed the procedure remotely (see Procida 

et al., submitted). Every measure was administered at two time points: during the baseline 

phase (pre-test, t0) and again during the final assessment phase (post-test, t1). 

The interval between the two assessments was either approximately 8 weeks or 4 

weeks, depending on the workshop schedule. During this period, participants in the 
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experimental group attended a structured series of experiential workshops delivered by 

clinicians from ASL Roma 1 at the University “G. d’Annunzio” of Chieti-Pescara, while 

participants in the control group received no intervention, in early feasibility work. In 

addition, participants in the experimental group took part in an individual feedback session 

at the end of the test phase, during which a clinician reviewed and discussed the results of 

the initial assessment with them (see below for further details). 

 

First phase: Pre-test Psychopathological and psychological assessment (t0) 

All participants were submitted to a psychopathological and psychological 

evaluation including self-assessment psychological questionnaires and an intertemporal 

choice task as in our previous study (see Study 2 in Chapter 3). 

 

Second phase: Assessment feedback session 

As part of the intervention, each participant of the Experimental group completed an 

individual feedback interview with the clinician responsible for supervising the screening 

phase. During this session, the scores of the previously administered tests were presented 

and discussed in detail. Providing participants with structured feedback based on 

standardized assessments is considered an effective procedure for increasing 

self-awareness in preventive contexts, and in this study the feedback session offered 

students a clear restitution of their personal strengths and vulnerabilities related to early 

risk factors. Consistent with extensive empirical evidence, feedback derived from statistical 

or actuarial methods tends to outperform subjective evaluations in helping people 

recognize patterns of risk and protection (Ægisdóttir et al., 2006; Grove, 2005). 

 

Third phase: Experiential Labs 

Participants in the experimental group took part in a series of experiential 

workshops. Students who chose to participate attended the “Emotion and Desire” and 

“Motivation for Change” labs, each lasting 2 hours, delivered either across eight sessions 

over a 2‑month period or four longer sessions over a 1‑ month period effectively 

balancing the total duration of the two‑ month sessions. 

The experiential intervention delivered to the experimental group was structured 

around evidence-based practices designed to strengthen emotional self-regulation, 

cognitive control, and stress-management capacities. Across eight two-hour sessions, 
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students engaged in a set of practices targeting core mechanisms of emotional 

awareness, attentional stability, and inhibitory regulation—domains consistently linked to 

prefrontal functioning and adaptive behavioral modulation. The program introduced the 

emotional process as a multidimensional system integrating subcortical circuitry, 

physiological activation, conscious representations, and expressive components, and 

guided participants in observing automatic thoughts and mind wandering to increase 

metacognitive insight into implicit cognitive dynamics (Smallwood & Schooler, 2015). 

Breath-focused attention with counting was used to enhance sustained attention and 

internal self-control, while mindfulness-based stabilization practices supported autonomic 

regulation and stress reduction, processes associated with neuroplastic changes in 

prefrontal regions implicated in executive regulation (Zeidan et al., 2010; Hölzel et al., 

2011). 

Building on these foundations, the intervention incorporated cognitive and 

behavioral strategies for emotion regulation, such as reappraisal, distraction, and somatic 

relaxation, supported by prefrontal engagement (Gross, 2002; Morawetz et al., 2016). 

Body-scan practices were employed to cultivate non-judgmental interoceptive awareness 

and reduce anxiety and stress (Allen et al., 2012; Kral et al., 2018), while diaphragmatic 

breathing targeted parasympathetic activation, contributing to reductions in cortisol and 

blood pressure and fostering psychophysiological calm (Ma et al., 2017). The program 

also addressed the role of emotions in stress reactivity and their impact on higher-order 

cognition, integrating progressive muscle relaxation to counteract sympathetic arousal and 

promote deep relaxation (Jacobson, 1929; Sapolsky, 2004; Arnsten, 2009). 

Language-based strategies were introduced to support cognitive-emotional regulation, 

including the use of the validated Geneva Emotion Wheel to facilitate fine-grained labeling 

of emotional states and their associated thoughts and bodily sensations (Scherer et al., 

2013). Emotion personification exercises further promoted psychological distancing and 

attenuation of emotional intensity (Chen et al., 2020). The intervention also examined the 

neuropsychological mechanisms of desire, with particular attention to dopaminergic 

pathways involved in reward anticipation and motivation, highlighting how psychoactive 

substances and maladaptive behaviors can dysregulate these systems and foster 

compulsive desire (Schultz, 1997; Berridge & Robinson, 1998; Wise, 2004). 

Mindfulness-based observation of desires without automatic enactment, gratitude 

journaling, and the recall of pleasant experiences were used to activate reward circuits and 

strengthen resilience (Emmons & McCullough, 2003; Benson, 1996). 
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Throughout the program, mindfulness was conceptualized as intentional, 

non-judgmental awareness of the present moment, a process known to reduce craving, 

impulsive responding, and relapse risk (Tang et al., 2015). Practices such as the STOP 

technique were used to interrupt automatic cognitive-emotional reactions (Rahl et al., 

2017), while perceptual anchoring on breath or environmental sounds supported 

attentional control and cognitive reorientation. Finally, the intervention addressed theory of 

mind and empathy as components of self-regulation, emphasizing mentalization as a 

capacity essential for managing impulsive behaviors and understanding others’ mental 

states (Frith & Frith, 2006). Loving-Kindness Meditation, compassion meditation, and 

self-compassion letter writing were incorporated to cultivate benevolence, emotional 

clarity, and self-directed care, processes shown to enhance positive emotional regulation 

(Klimecki et al., 2014; Neff & Germer, 2013; Hutcherson et al., 2008). 

The underlying assumption is that participation in the experiential workshops would 

lead to positive changes in key psychological variables assessed during the initial 

screening, such as a reduction in temporal discounting and/or improvements in 

emotion‑ regulation capacities. In contrast, the control group did not receive any 

intervention. Four weeks of treatment are the minimum number for taking part in the 

treatment.  

 

Fourth phase (post-test, t1): Post-test Psychopathological and psychological 
assessment (t1) 

After the 8- or 4-week interval, participants of both the Experimental and the Control 

group completed the post-test assessment. During this second assessment, only the K-10, 

DERS, BPQ-SF, and the Temporal Discounting task were re-administered. These 

measures assess psychological processes that are expected to change over the relatively 

short interval between assessments, such as distress, emotion regulation, somatic 

reactivity, and impulsive decision-making. In contrast, the ABQ, BFQ-2, and TAS-20 

capture more stable cognitive beliefs, personality traits, and dispositional characteristics, 

which are not typically sensitive to short-term fluctuations and were therefore not repeated 

at the post-test. 
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Data Analysis 
To estimate individual discounting tendencies, choices were fitted with a standard 

hyperbolic function (Green & Myerson, 2004; Kable & Glimcher, 2007; Mazur, 1987), 

yielding a discount parameter k indexing the steepness of temporal devaluation. The 

model was implemented using nonlinear least‑ squares estimation in R, and k values were 

log‑ transformed prior to statistical analyses to approximate normality. Higher k values 

reflect steeper discounting, indicating a stronger preference for immediate over delayed 

rewards. Following log‑ transformation, k values were normally distributed, allowing the 

use of parametric statistical tests when appropriate. The analysis was conducted using R 

scripts adapted from Garofalo et al. (2022; https://osf.io/65bg7/).  

Descriptive statistics included means and standard deviations for numerical 

variables—especially those obtained from standardized questionnaires—and frequencies 

and percentages for categorical variables related to sociodemographic characteristics and 

addiction-related habits. All statistical analyses were performed in Jamovi 2.7.4.  

Moreover, Spearman correlations were performed to examine associations among 

the pre-test measures (t0), including indices of addictive behaviors, temporal discounting, 

emotion regulation, alexithymia, psychological distress, personality traits, and body 

perception.  Specifically, correlations were examined between the Severity Indices (SI) of 

the Addiction Behavior Questionnaire (ABQ; substance use, gambling, internet use, and 

alcohol use; obsessive–compulsive–impulsive and addictive behaviors) and the seven 

ABQ domains (separation anxiety, affective dysregulation, somatoform and psychological 

dissociation, childhood traumatic experiences, impulse dyscontrol, compulsive behaviors 

and ritualization, and obsessive thoughts). The same ABQ measures were also correlated 

with the DERS and its subscales, the hyperbolic discounting parameter (k) derived from 

the Temporal Discounting task, the TAS-20, the K-10, the Big Five Questionnaire (BFQ), 

and the Body Perception Questionnaire (BPQ) variables. To note, correlational analyses 

involving the variables SI-gambling and OC-gambling were not conducted due to 

insufficient valid observations. Both variables indeed showed missing values for all the 

participants out of two (N = 106), resulting in an inadequate effective sample size for 

reliable estimation of correlation coefficients. 

To assess intervention effects, a mixed‑ design ANOVA was performed with Group 

(experimental vs. control) as the between‑ subjects’ factor and Time (pre-test vs. post-test) 

as the within‑ subjects’ factor, followed by Bonferroni post hoc test.  

https://osf.io/65bg7/
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In addition, to assess whether changes in one variable were associated with 

changes in another we performed a spearman’s rho correlations for the change scores 

(delta; pret-est - post-test) of the DERS, the hyperbolic k value of Temporal Discounting, 

the K‑ 10, and the BPQ. 

Results 
Addiction risk and psychological variables 

          Independent samples t‑ tests conducted at baseline (t₀) revealed several group 

differences, five of which remained significant after controlling for multiple comparisons 

using the False Discovery Rate (FDR). The strongest effects emerged within the 7DAS 

domains, specifically for separation anxiety (Dom1: t(104) = −3.38, p = .001, d = −0.66) 

and childhood traumatic experiences (Dom4: t(104) = −3.68, p < .001, d = −0.71). 

Additional FDR‑ corrected differences within the 7DAS included impulse dyscontrol 

(Dom5: t(104) = −2.49, p = .015, d = −0.48) and obsessive thoughts (Dom7: t(104) = 

−2.49, p = .014, d = −0.48). A further significant effect was observed for alcohol‑ related 

obsessive–compulsive features (ABQ‑Alcohol B: t(76) = 2.65, p = .010, d = 0.50) and 

ABQ-Internet A : t(. In contrast, indices of problematic internet use, affective dysregulation, 

somatoform dissociation, compulsive behaviors, and substance‑ related addictive 

tendencies did not survive FDR correction. Measures of temporal discounting (TD), 

emotion‑ regulation difficulties (DERS), alexithymia (TAS‑ 20), body awareness (BPQ), 

and personality traits (BFQ) also showed highly comparable profiles across groups. 

Overall, despite a small cluster of differences concentrated in trauma‑ related and 

impulse‑ regulation domains, the two groups were sufficiently homogeneous at baseline 

for the purposes of the study (see Table 2), although potential self‑ selection effects 

cannot be excluded (but see discussion for possible self-selection bias). 
Table 2. 

 Means and standard deviations of the scores obtained at pre-test (t0) by both groups. Asterisks 

denote statistically significant effects at the baseline. 

Measure Experimental 
Group (Pre) 

Control 
Group (Pre) 

pFDR 

Severity Index (SI)  

A – Addictive behaviors (substances) 6.08 ± 2.74 4.3 ± 3.68 0.2166 
B – Obsessions–impulsions–compulsions 10.33 ± 5.84 5.4 ± 6.58 0.1333 
A – Addictive behaviors (alcohol) 3.75 ± 1.93 3.27 ± 1.61 0.2166 
B – Obsessions–impulsions–compulsions* 3.94 ± 3.51 2.27 ± 1.92 0.0433 
A – Addictive behaviors (internet)* 4.60 ± 2.57 3.48 ± 2.38 0.0117 
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B – Obsessions–impulsions–compulsions 6.37 ± 4.63 4.6 ± 5.25 0.1333 
7-Domain (7DAS)  
D1 – Separation anxiety* 14.88 ± 6.78 10.68 ± 5.98 0.0117 
D2 – Affective dysregulation* 13.58 ± 5.12 11.37 ± 5.12 0.0627 
D3 – Somatoform and psychological 
dissociation 

4.75 ± 4.61 3.35 ± 3.73 0.1333 

D4 – Childhood traumatic experiences* 8.83 ± 6.85 4.42 ± 5.41 0.0117 
D5 – Impulse dyscontrol* 11.83 ± 5.14 9.48 ± 4.57 0.455 
D6 – Compulsive behaviors and  ritualization 9.77 ± 5.96 8.24 ± 5.19 0.2166 
D7 – Obsessive thoughts* 15.35 ± 6.30 12.29 ± 6.28 0.0455 
DERS Total 92.5 ± 27.14 85.13 ± 25.33 0.3020 
Nonacceptance 14.69 ± 6.24 13.05 ± 5.95 0.3020 
Goals 15.92 ± 4.85 14.5 ± 5.43 0.3020 
Impulse 12.94 ± 5.17 12.44 ± 5.43 0.6300 
Strategies 19.71 ± 7.76 18.24 ± 7.28 0.5295 
Awareness 15.96 ± 5.42 15.55 ± 5.42 0.7010 
Clarity* 13.27 ± 4.29 11.33 ± 3.76 0.1575 
K-10 Psychological Distress 23.52 ± 8.50 20.05 ± 7.82 0.2170 
Toronto Alexithymia Scale-20 (TAS) 45.98 ± 12.08 44.70 ± 12.08 0.5880 
Difficulty identifying feelings 15.36 ± 6.34 13.74 ± 5.50 0.3020 
Difficulty describing feelings 14.38 ± 5.03 12.81 ± 5.16 0.2900 
Externally oriented thinking 16.23 ± 3.93 18.15 ± 4.24 0.1890 
Body Perception Questionnaire (BPQ)  
Body awareness 14.17 ± 4.19 14.24 ± 5.76 0.9380 
Supradiaphragmatic reactivity 9.94 ± 2.23 9.29 ± 1.58 0.2200 
Subdiaphragmatic reactivity 12.07 ± 3.81 12.13 ± 3.74 0.9430 
Agreeableness* 6.98 ± 1.55 6.26 ± 1.78 0.2170 
Big-Five Questionnaire (BFQ)  
Conscientiousness 7.03 ± 1.82 7.33 ± 2.19 0.5295 
Emotional Stability 5.60 ± 1.83 5.29 ± 2.30 0.5295 
Extraversion 5.94 ± 1.72 6.11 ± 2.34 0.7010 
Openness 7.90 ± 1.64 6.94 ± 2.29 0.1575 
Delay Discounting -5.45 ± 2.84 -5.34 ± 2.32 0.2800 

 

Correlations Between the ABQ Severity Indices, the Seven Domains, and Psychological 

Factors 

For what concerns the pattern of association between addiction-related (substance, 

alcohol, internet) severity indices (measured in terms of addictive behaviors and 

obsessions–impulsions–compulsions) and risk factors for addiction development and 

maintenance, table 3 shows widespread significant correlations that generally sustain the  

multidimensional model by Caretti et al. (2018), according to which higher severity levels 

co-occur with greater impulsivity and poor behavioral control, compulsive and obsessive–

conflictual tendencies, somatoform and psychological dissociation, trauma-related 

affective dysregulation, and insecure attachment features. 
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Substance-related addictive behaviors showed a selective pattern, positively 

correlating only with Domain 4 (r = .508, p = .016), Domain 5 (r = .442, p = .039), and 

Domain 6 (r = .553, p = .008), and negatively with Conscientiousness (r = –.558, p = .007).  

Alcohol-related severity showed a broader profile. The SI for alcohol-related 

addictive behaviors correlated with Domain 2, reflecting affective dysregulation (r = .327, p 

= .003), with Domain 3, reflecting somatoform and psychological dissociation (r = .241, p = 

.034), and with Domains 5, 6, and 7 (rs = .364, .293, and .454; ps = .001, .009, and < 

.001). The SI for alcohol-related obsessions–impulsions–compulsions correlated with 

Domain 1, reflecting separation anxiety (r = .238, p = .036), with Domain 2 (r = .285, p = 

.011), and with Domains 5, 6, and 7 (rs = .423, .313, and .407; ps < .001, .005, and .003). 

Both indices were associated with emotion dysregulation, such as addictive behaviors 

correlated with the DERS total score (r = .496, p < .001) and with all subscales except 

Awareness (all ps < .001), whereas obsessions–impulsions–compulsions correlated with 

Nonacceptance (r = .323, p = .004), Goals (r = .375, p < .001), Impulse (r = .368, p < .001), 

Strategies (r = .214, p = .016), and Clarity (r = .369, p < .001).  

Alcohol-related addictive behaviors also correlated with psychological distress (r = 

.405, p < .001), alexithymia (r = .275, p = .015), lower Emotional Stability (r = –.326, p = 

.004), and higher Openness (r = .316, p = .005), whereas alcohol-related obsessions–

impulsions–compulsions correlated with psychological distress (r = .334, p = .003), 

alexithymia (r = .240, p = .034), lower Emotional Stability (r = –.227, p = .045), and higher 

Openness (r = .262, p = .021).  

Internet-related severity showed the most pervasive pattern. Both the SI for 

internet-related addictive behaviors and the SI for internet-related obsessions–impulsions–

compulsions correlated with all risk domains (rs = .315–.449, all ps < .01). Internet-related 

addictive behaviors correlated with the DERS total score (r = .343, p < .001) and with all 

subscales, including Nonacceptance (r = .228, p = .028), Goals (r = .400, p < .001), 

Impulse (r = .303, p = .003), Strategies (r = .298, p = .004), Awareness (r = .204, p = .049), 

and Clarity (r = .237, p = .022). The obsessions–impulsions–compulsions index correlated 

with Goals (r = .338, p < .001), Impulse (r = .267, p = .010), Strategies (r = .261, p = .011), 

and Clarity (r = .218, p = .036). Internet-related addictive behaviors were also associated 

with psychological distress (r = .382, p < .001), alexithymia (r = .296, p = .004), lower 

Emotional Stability (r = –.233, p = .025), and higher supradiaphragmatic reactivity (all ps < 

.001), whereas internet-related obsessions–impulsions–compulsions correlated with 
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psychological distress (r = .428, p < .001), alexithymia (r = .278, p = .007), and 

supradiaphragmatic reactivity (all ps < .001).  

Finally, gambling-related severity showed a pattern similar to internet-related 

addiction: the SI for gambling-related addictive behaviors correlated with all DERS 

subscales (all ps < .01), whereas the SI for gambling-related obsessions–impulsions–

compulsions correlated with all subscales except Nonacceptance and Awareness (ps > 

.09), and both indices correlated with psychological distress (rs = .382 and .428, both ps < 

.001). 

Neither index was associated with temporal discounting (all ps > .05).  

A complete overview of these associations is presented in Table 3, which reports 

correlations with the ABQ cognitive domains, and in Table 4, which summarizes 

correlations with the psychological measures. 

 
Table 3.  

Correlations between the ABQ addiction severity and cognitive domains.   

SI-AC = Severity Index; SI-OC = obsessions–impulsions–compulsion. 

 
 D1-

Separation 
Anxiety 

D2-Affective 
Dysregulation 

D3- 
Somatoform 

and 
Psychological 
Dissociation 

D4-
Childhood 
Traumatic 

Experiences 
 

D5-
Impulse 

Dyscontrol 

D6-
Compulsive 
Behaviors 

and 
Ritualization 

D7-
Obsessive 
Thoughts 

SI-AB 
substance 

r=.079 
p = .726 

r = .126 
p = .575 

r = .190 
p = .398 

r = .508* 
p = .016 

r=.442* 
p = .039 

rho=.553* 
p = .008 

r= .240 
p = .282 

SI-OC 
substance 

r= .118 
p = .600 

r= .247 
p = .267 

r= .235 
p = .292 

r= .209 
p = .350 

r=.310* 
p = .161 

r= .409 
p = .058 

r = .227 
p = .309 

SI-AB 
alcohol 

r=.210 
p=.065 

r=.327* 
p=.003 

r=.241* 
p=.034 

r=-.016 
p=.891 

r=.364* 
p=.001 

r=.293* 
p=.009 

r=.454* 
p<.001 

SI-OC 
alcohol 

r=.238* 
p=.036 

r=.285* 
p=.011 

r=.217 
p=.056 

r=.078 
p=.496 

r=.423* 
p<.001 

r=.313* 
p=.005 

r=.407* 
p=.003 

SI-AB 
internet 

r=.388* 
p<.001 

r=.401* 
p<.001 

r=.360* 
p<.001 

r=.250* 
p=.016 

r=.509* 
p<.001 

r=.276* 
p=.007 

r=.413* 
p<.001 

SI-OC 
internet 

r=.434* 
p<.001 

r=.388* 
p<.001 

r=.416* 
p<.001 

r=.315* 
p=.002 

r=.450* 
p<.001 

r=.345* 
p<.001 

r=.449* 
p<.001 

 
 

Table 4. Correlations between addiction severity and psychological measures.  SI-AC = Severity 
Index; SI-OC = obsessions–impulsions–compulsion. 

 
 SI-AB 

substance 
SI-OC 

substance 
SI-AB 
alcohol 

SI-OC 
alcohol 

SI-AB 
internet 

SI-OC 
internet 

DERS 
DERS r = .245 r = .322 r = .496* r=.381* r=.343* r=.288* 
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total p = .272 p = .145 p <.001 p <.001 p <.001 p=.005 
Nonacceptance r=.309 

p = .162 
r=.367 
p = .093 

r = .483* 
p <.001 

r = .323* 
p = .004 

r = .228* 
p=.028 

r=.173 
p=.097 

Goals r = .161 
p = .474 

r = .350 
p = .111 

r = .392*  
p <.001 

r = .375* 
p <.001 

r = .400* 
p <.001 

r=.338* 
p <.001 

Impulse r = .160 
p = .477 

r = .273 
p = .220 

r = .512* 
p <.001 

r = .368* 
p <.001 

r = .303* 
p=.003 

r= .267* 
p=.010 

Strategies r = .244 
p = .274 

r = .348 
p = .112 

r = .416* 
p <.001 

r = .214* 
p = .016 

r = .298* 
p=.004 

r=.261* 
p=.011 

Awareness r = .087 
p = .702 

r = .185 
p = .410 

r = .127 
p = .267 

r = .116 
p = .310 

r = .204* 
p= .049 

r=.124 
p=.236 

Clarity r = .308 
p = .163 

r = .361 
p = .099 

r = .447* 
p <.001 

r = .369* 
p <.001 

r = .237* 
p=.022 

r= .218* 
p=.036 

K-10 
K-10 
total 

r = .163 
p = .468 

r = .197 
p = .379 

r = .405* 
p <.001 

r = .334* 
p = .003 

r = .382* 
p <.001 

r=.428* 
p <.001 

TAS-20 
TAS-20 

total 
r = - .014 
p = .950 

r = - .047 
p = .834 

r = .275* 
p = .015 

r = .240* 
p = .034 

r = .296* 
p=.004 

r=.278* 
p=.007 

Difficulty 
Identifying 
feelings 

r=.108 
p=.770 

r=.066 
p=.634 

r=.406* 
p<.001 

r=.317* 
p=.005 

r=.329* 
p=.001 

r=.337* 
p<.001 

Difficulty 
describing 

feelings 

r=-.012 
p=.958 

r=-.088 
p=.697 

r= .199 
p=.080 

r=.171 
p=.134 

r=.314* 
p=.002 

r=.244* 
p=.018 

Externally 
oriented 
thinking 

r=-.258 
p=.246 

r=-.119 
p=.597 

r=-.040 
p=.726 

r=-.008 
p=.943 

r=.042 
p=.688 

r=.107 
p=.305 

BFQ-2 
Agreeableness r = -.308 

p = .163 
r = -.143 
p = .524 

r = -.070 
p = .544 

r = .004 
p = .969 

r=.134 
p=.201 

r=-.132 
p=.205 

Conscientiousn
ess 

r = - .558* 
p = .007 

r = - .138 
p = .540 

r = - .081 
p = .478 

r = .098 
p = .393 

r=-.102 
p= .332 

r = - .108 
p = .303 

Emotional 
Stability 

r = - .012 
p = .957 

r = - .034 
p = .882 

r=-.326* 
p = .004 

r=-.227* 
p = .045 

r=-.233* 
p = .025 

r = - .194 
p = .063 

Extraversion r = - .032 
p = .887 

r = - .049 
p = .827 

r = - .070 
p = .543 

r = - .001 
p = .994 

r = - .065 
p = .537 

r = - .195 
p = .061 

Openness r = .247 
p = .268 

r = .243 
p = .275 

r = .316* 
p = .005 

r = .262* 
p = .021 

r = .060 
p = .571 

r = .058 
p = .581 

 (BPQ)       
Body 

awareness 
r = .005 
p = .982 

r = -.171 
p = .446 

r = -.001 
p = .991 

r = .111 
p = .332 

r = .044 
p = .678 

r = -.060 
p = .565 

Supradiaphrag
matic reactivity 

r = .326 
p = .139 

r = .337 
p = .126 

r = .202 
p = .076 

r = .168 
p = .142 

r = .375* 
p <.001 

r = .494* 
p<.001 

Body 
awareness/Sub
diaphragmatic 

reactivity 

r = .206 
p = .358 

r =- .021 
p = .925 

r = -.014 
p = .902 

r = .077 
p = .500 

r = .083 
p = .429 

r = .145 
p = .167 

TD 
Hyperbolic K r = .039 r = .298 r = .006 r = -.032 r = .044 r = .058 
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p = .864 p = .178 p = .961 p = .780 p = .678 p = .581 
 
 
Respect to the ABQ domains of addiction risks (D1–Separation Anxiety, D2–

Affective Dysregulation, D3–Somatoform and Psychological Dissociation, D4–Childhood 

Traumatic Experiences, D5–Impulse Dyscontrol, D6–Compulsive Behaviors and 

Ritualization, D7–Obsessive Thoughts), all psychological measures showed significant 

associations, although with different patterns of strength and consistency.  

As reported in Table 5, the ABQ domains showed moderate‑ to‑ strong correlations 

with the DERS total score (rs = .43–.74, all ps < .001), with the strongest associations 

emerging for Affective Dysregulation, Impulse Dyscontrol, and Obsessive Thoughts. A 

comparable pattern was observed across most DERS subscales—non‑ acceptance, 

goals, impulse, strategies, and clarity—whereas the awareness subscale showed weaker 

and less consistent associations. 

The ABQ domains were also positively and strongly associated with psychological 

distress measured through the K‑ 10 (rs = .32–.75, all ps < .001). With respect to 

alexithymia, the ABQ domains showed significant correlations with the TAS‑ 20 total 

score, particularly for Affective Dysregulation, Somatoform and Psychological Dissociation, 

Impulse Dyscontrol, and Obsessive Thoughts. Among the TAS‑ 20 subscales, Difficulties 

Identifying Feelings and Difficulties Describing Feelings showed consistent 

moderate‑ to‑ strong correlations, whereas Externally Oriented Thinking was not 

significantly associated with any ABQ domain. 

Regarding personality traits, the ABQ domains were generally negatively associated 

with agreeableness, conscientiousness, emotional stability, and extraversion, with 

emotional stability showing the strongest and most consistent inverse correlations across 

domains. In contrast, openness was positively associated with Childhood Traumatic 

Experiences, Impulse Dyscontrol, Compulsive Behaviors and Ritualization, and Obsessive 

Thoughts. 

With respect to body perception, the ABQ domains were positively associated with 

supradiaphragmatic reactivity measured through the BPQ, whereas body awareness and 

subdiaphragmatic reactivity did not show significant associations. 

Finally, the ABQ domains showed small but significant correlations with hyperbolic 

discounting parameters derived from the Temporal Discounting task, particularly for 

Somatoform and Psychological Dissociation, Compulsive Behaviors and Ritualization, and 
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Obsessive Thoughts, while no significant associations emerged for the remaining 

domains. 

 

Table 5.  

Correlations between each domain and neuropsychological measures.  

 
 D1- 

Separation 
Anxiety 

D2- 
Affective 

Dysregulation 

D3-  
Somatoform and 

Psychological 
Dissociation 

D4-
Childhood 
Traumatic 

Experiences 
 

D5- 
Impulse 

Dyscontrol 

D6-
Compulsive 
Behaviors 

and 
Ritualization 

D7-
Obsessive 
Thoughts 

DERS  
DERS 
total 

r = .637* 
p <.001 

r = .737* 
p < .001 

r = .472* 
p <.001 

r=.173* 
p <.001 

r=.634* 
p <.001 

r=.433* 
p <.001 

r=.679* 
p <.001 

Non acceptance r=.432* 
p <.001 

r=.520* 
p <.001 

r = .391* 
p <.001 

r = .175* 
p = .004 

r = .443* 
p<.001 

r=.277* 
p=.004 

r = .481* 
p<.001 

Goals r = .510* 
p <.001 

r = .611* 
p <.001 

r = .392*  
p <.001 

r = .204* 
p <.001 

r = .647* 
p <.001 

r=.480* 
p <.001 

r=.660* 
p <.001 

Impulse r = .509* 
p <.001 

r = .608* 
p<.001 

r = .489* 
p <.001 

r = .201* 
p <.001 

r = .548* 
p <.001 

r= .526* 
p <.001 

r= .676* 
p <.001 

Strategies r = .604* 
p <.001 

r = .615* 
p <.001 

r = .422*  
p <.001 

r = .195* 
p <.001 

r = .548* 
p <.001 

r=.399* 
p <.001 

r=.667* 
p <.001 

Awareness r = .407* 
p <.001 

r = .482* 
p <.001 

r = .204*  
p =.036 

r =-.136 
p =.163 

r = .328* 
p <.001 

r=.074 
p =.499 

r=.214* 
p =.028 

Clarity r = .514* 
p <.001 

r = .723* 
p <.001 

r = .439* 
p <.001 

r = .160 
p =.102 

r = .523* 
p=.022 

r= .309* 
p=.001 

r = .556* 
p <.001 

K-10  
Total r = .614* 

p <.001 
r = .750* 
p <.001 

r = .535* 
p <.001 

r=.318* 
p <.001 

r = .636* 
p <.001 

r= .540* 
p <.001 

r = .736* 
p <.001 

TAS-20  
Total r = .538* 

p <.001 
r = .751* 
p <.001 

r = .528* 
p <.001 

r=.158 
p =.107 

r = .530* 
p <.001 

r= .385* 
p <.001 

r = .548* 
p <.001 

Difficulty 
Identifying 

feelings 

r = .512* 
p <.001 

r = .768* 
p <.001 

r = .607* 
p <.001 

r=.300* 
p =.002 

r = .656* 
p <.001 

r= .523* 
p <.001 

r = .666* 
p <.001 

Difficulty 
describing 

feelings 

r = .565* 
p <.001 

r = .657* 
p <.001 

r = .433* 
p <.001 

r=.212* 
p =.029 

r = .485* 
p <.001 

r= .276* 
p <.001 

r = .498* 
p <.001 

Externally 
oriented thinking 

r = .125 
p =.202 

r = .239* 
p =.014 

r = .114 
p =.243 

r=-.127 
p =.196 

r = .020 
p =.838 

r= .011 
p =.907 

r = .015 
p =.877 

BFQ-2                      
Agreeableness r = -.237* 

p = .015 
r = -.276* 
p = .004 

r = -.019 
p = .848 

r = -.067 
p = .494 

r=-.284* 
p=.003 

r=-.120 
p=.220 

r=-.148 
p=.130 

Conscientiousne
ss 

r = - .279* 
p = .007 

r = - .247* 
p = .011 

r = - .093 
p = .343 

r = .094 
p = .335 

r=-.307* 
p= .001 

r = - .065 
p = .507 

r = - .062 
p = .527 

Emotional 
Stability 

r = - .422* 
p<.001 

r = - .509* 
p<.001 

r=-.227* 
p = .020 

r=-.112 
p = .253 

r=-.468* 
p<.001 

r = - .328* 
p<.001 

r = - .505* 
p<.001 

Extraversion r = - .292* 
p = .002 

r = - .353* 
p<.001 

r = .021 
p = .833 

r = .023 
p = .817 

r = - .220* 
p = .023 

r = .050 
p = .608 

r = - .178 
p = .068 

Openness r = .237* 
p = .014 

r = .117 
p = .232 

r = .076 
p = .440 

r = .276* 
p = .004 

r = .217* 
p = .025 

r = .280* 
p = .004 

r = .282* 
p = .003 

BPQ  
Body awareness r = -.045 

p = .645 
r = -.092 
p = .349 

r = .036 
p = .718 

r = .134 
p = .171 

r = .011 
p = .862 

r = .015 
p = .880 

r = .021 
p = .829 

Supradiaphragm r = .481* r = .539* r = .528* r = .381* r = .549* r = .446* r = .467* 
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atic reactivity p<.001 p<.001 p<.001 p<.001 p <.001 p<.001 p<.001 
Body 

awareness/Sub
diaphragmatic 

reactivity 

r = .092 
p=.348 

r = .049 
p=.615 

r = .136 
p=.166 

r = .138 
p=.158 

r = .051 
p =.604 

r = .144 
p =.140 

r = .157 
p=.108 

TD  
Hyperbolic K r = .011 

p = .911 
r = .149 
p = .128 

r = .222* 
p = .022 

r = .087 
p = .377 

r = .102 
p = .298 

r = .276* 
p = .004 

r = .232* 
p = .017 

 
 

Outcome Changes Across the Pre-test – Post-test Interval 

To examine changes in psychological measures across time and groups, we 

conducted a mixed-design ANOVA on log-transformed hyperbolic discounting parameters 

(k), following standard practice to correct for the typical positive skew and non-normal 

distribution of raw k values. The analysis revealed a significant Time × Group interaction, 

[F (1, 104) = 9.22, p = .003], indicating that changes in discounting behavior over time 

differed between groups. A significant main effect of Time also emerged, [F (1, 104) = 

7.80, p = .006], whereas the main effect of Group was not significant (all ps > .05). Post 

hoc comparisons showed that participants in the experimental group exhibited a significant 

decrease in k values over time, reflecting reduced temporal discounting, t (104) = 4.08, p < 

.001. (Figure 1A) 

A similar pattern emerged for difficulties in emotion regulation (DERS). The ANOVA 

revealed a main effect of Time [F (1, 104) = 9.63, p = .002] and a significant Time × Group 

interaction, [F (1, 104) = 15.85, p < .001]. Post hoc comparisons indicated that the 

decrease from pre-test to post-test was significant only in the experimental group, t (104) = 

4.96, p < .001 (Figure 1B).  

For psychological distress (K10), we observed no significant main effects of Time or 

Group (all ps > .05), but only a significant interaction effect, [F (1, 104) = 7.62, p = .007], 

with Bonferroni-corrected post hoc comparisons did not yield significant pairwise 

differences. 

Finally, a similar result was shown for body awareness, which revealed only a 

significant interaction effect [F (1, 104) = 9.996, p = .002]. Post-hoc analyses indicated a 

significant increase from pre-test to post-test in the experimental group [t (104) = −2.90, p 

= .027], whereas no significant change was observed in the control group (Figure 1C). 

Average values for each test at pre(t0) and post-test (t1) are reported in Table 6. 
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Figure 1. Box plots show the distribution of scores for the control (orange) and experimental (green) groups 
at pre-test and post-test for (A) temporal discounting (log k), (B) DERS total score and (C) Body Awareness. 
Boxes represent the interquartile range with median values indicated by horizontal lines; whiskers denote the 
data range (*** p < .001). 

 
Table 6.  

Mean and standard deviation for each questionnaire and each measurement (pre-test and post-

test) on the two groups 

Pre-Test (T0) Control group 
(mean ± SD) 

Experimental group 
(mean ± SD) 

Addictive Behavior Questionnaire (ABQ)   
Severity Index (SI)   

A-Addictive Behaviors-substance use 4.30 ± 3.68 6.08 ± 2.75 
B-Obsessions-Impulses-Compulsions 5.40 ± 6.59 10.33 ± 5.84 

A-Addictive Behaviors-alcohol 3.27 ± 1.61 3.76 ± 1.94 
B-Obsessions-Impulses-Compulsions 2.27 ± 1.92 3.95 ± 3.52 

A-Addictive Behaviors-gambling 3.00 ± 3.46 - 
B-Obsessions-Impulses-Compulsions 8.33 ± 6.81 - 

A-Addictive Behaviors-internet 3.49 ± 2.39 4.60 ± 2.57 
B-Obsessions-Impulses-Compulsions 4.60 ± 5.26 6.38 ± 4.62 

7-Domain (7DAS)   
D1-Separation Anxiety 10.07 ± 5.98 14.90 ± 6.78 

D2-Affective Dysregulation 11.40 ± 5.12 13.60 ± 5.12 
D3- Somatoform and Psychological 

Dissociation 
3.35 ± 3.73 4.75 ± 4.61 

D4-Childhood Traumatic Experiences 4.43 ± 5.41 8.83 ± 6.85 
D5-Impulse Dyscontrol 9.48 ± 4.57 11.83 ± 5.14 

D6-Compulsive Behaviors and Ritualization 8.24 ± 5.19 9.77 ± 5.96 
D7-Obsessive Thoughts 12.30 ± 6.28 15.35 ± 6.31 

Difficulties in Emotion Regulation Scale 
(DERS) 

  

Total score 85.10 ± 25.3 92.5 ± 27.1 
Non-acceptance 13.10 ± 5.95 14.7 ± 6.15 

Goals 14.5 ± 5.43 15.9± 4.82 
Impulse 12.4 ± 5.43 12.9 ± 5.17 

Strategies 18.2 ± 7.28 19.7 ± 7.77 
Awareness 15.6 ± 5.42 16.0 ± 5.42 
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Clarity 11.3 ± 3.76 13.3 ± 4.29 
Kessler Psychological Distress Scale 

(K10) 
  

Total score 20.1 ± 7.82 23.5 ± 8.5 
Toronto Alexithymia Scale-20 (TAS)   

Total score 44.7±12.1 46.0±12.1 
Difficulty identifying feelings 13.70 ± 5.51 15.40 ± 6.34 
Difficulty describing feelings 12.80± 5.17 14.38 ± 5.03 
Externally oriented thinking 18.19 ± 4.25 16.23 ± 3.93 

Body Perception Questionnaire (BPQ)   
Body awareness 14.27 ± 4.77 14.27 ± 4.19 

Supradiaphragmatic reactivity 9.30 ± 1.59 9.94 ± 2.24 
Body awareness/Subdiaphragmatic reactivity 12.08 ± 3.74 12.08 ± 3.81 

Big-Five Questionnaire (BFQ)   
Agreeableness 6.26 ± 1.78 6.98 ± 1.55 

Conscientiousness 7.33 ± 2.20 7.04 ± 1.83 
Emotional stability 5.30 ± 2.30 5.60 ± 1.99 

Extraversion 6.11 ± 2.34 5.94 ± 1.72 
Openness 6.94 ± 2.29 7.90 ± 1.64 

Delay discounting task - Hyperbolic K -5.34 ± 2.32 -4.45 ± 2.84 
 

 
Post-test (T1) Control group 

(mean ± SD) 
Experimental group 

(mean ± SD) 
Difficulties in Emotion Regulation Scale 

(DERS) 
  

Total Score 86.52 ± 23.72 81.31 ± 23.17 
Nonacceptance 14.10 ± 5.97 12.96 ± 5.28 

Goals 14.11 ± 4.82 14.42 ± 4.52 
Impulse 13.20 ± 4.82 11.87 ± 4.01 

Strategies 18.53 ± 6.34 17.44 ± 5.61 
Awareness 14.80 ± 5.45 13.40 ± 4.89 

Clarity 11.20 ± 3.42 11.19 ± 3.68 
Kessler Psychological Distress Scale (K10)   

Total Score 21.41 ± 7.87 21.81 ± 7.22 
Body Perception Questionnaire (BPQ)   

Body awareness 13.40 ± 4.38 15.69 ± 3.63 
Supradiaphragmatic reactivity    9.85 ± 2.33 10.77 ± 2.79 

Body awareness/Subdiaphragmatic reactivity 12.46 ± 3.53 12.98 ± 3.02 
Delay discounting task - Hyperbolic K -5.31 ± 2.76 -5.61 ± 2.07 

   
 

 
Relationships Between Delta Scores Across Measures 

The correlation analysis conducted on the change scores (Δ; post‑ test minus pre‑ test) of 

the hyperbolic k value of Temporal Discounting, the DERS, the K‑ 10, and the BPQ 

revealed a significant positive association between the DERS delta and the K‑ 10 delta (r = 

.364, p < .001), as well as between the Body Awareness delta and the Subdiaphragmatic 

Reactivity delta (r = .450, p < .001). All other correlations were not statistically significant (p 

> .05) (Table 7). 
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Table 7.  

Correlations Between Changes (Δ) in Study Variables 

Measure 1 Measure 2 r p 
Δ Temporal Discounting Δ DERS r = 0.086 p = 0.374 

 Δ K-10 r = 0.046 p = 0.636 
 Δ Body Awareness r = -0.164 p = 0.089 
 Δ Supradiaphragmatic 

Reactivity 
r = 0.049 p = 0.612 

 Δ Body Awareness / 
Subdiaphragmatic Reactivity 

r = 0.022 p = 0.817 

Δ DERS Δ K-10 r = 0.364 p < .001 
 Δ Body Awareness r = -0.185 p = 0.054 
 Δ Supradiaphragmatic 

Reactivity 
r = 0.109 p = 0.261 

 Δ Body Awareness / 
Subdiaphragmatic Reactivity 

r = -0.135 p = 0.161 

Δ K-10 Δ Body Awareness r = -0.067 p = 0.491 
 Δ Supradiaphragmatic 

Reactivity 
r = 0.107 p = 0.269 

 Δ Body Awareness / 
Subdiaphragmatic Reactivity 

r = -0.034 p = 0.723 

Δ Body Awareness Δ Supradiaphragmatic 
Reactivity 

r = 0.057 p = 0.553 

 Δ Body Awareness / 
Subdiaphragmatic Reactivity 

r = 0.450 p < .001 

Δ Supradiaphragmatic 
Reactivity 

Δ Body Awareness / 
Subdiaphragmatic Reactivity 

r = 0.094 p = 0.331 

 

 

Discussion 
 

University life represents a critical developmental transition, offering important 

opportunities for learning and personal growth while simultaneously posing substantial 

challenges to students’ psychological well-being (Arnett, 2000; Beiter et al., 2015; Wood et 

al., 2018). Within the university context, factors such as high perceived academic 

demands, limited control over academic outcomes, and insufficient peer support have 

been associated with increased levels of anxiety and depressive symptoms (Chambel & 

Curral, 2005; Capone et al., 2020). These vulnerabilities are particularly pronounced 

among students who rely on maladaptive coping strategies when facing prolonged stress. 

Given that university attendance often coincides with the developmental period of 

emerging adulthood, sustained exposure to these stressors may increase the risk of 

psychological distress and the emergence of maladaptive or risk behaviors (Bedewy & 

Gabriel, 2015; Capone et al., 2020; Pfeiffer, 2001).  
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Within this frame, the present study increases the understanding of addiction 

vulnerability among Italian university students by integrating psychodynamic, 

developmental, and neurocognitive perspectives. The pattern of associations observed 

across emotional, cognitive, and personality domains suggests that addictive tendencies in 

this population are not isolated behavioral phenomena but rather manifestations of broader 

regulatory fragilities. This interpretation is consistent with the integrated model of addiction 

proposed by Caretti et al. (2018), which conceptualizes addictive behaviors, whether 

substance-related or behavioral, as maladaptive attempts to regulate overwhelming 

internal states, often rooted in early relational trauma, dissociative tendencies, and 

impaired affective modulation. 

 

Multifactorial Vulnerability in Addictive Behaviors 
The overall pattern of correlations points to a multifactorial etiological model of 

addiction in which psychological vulnerabilities, neurocognitive mechanisms, and 

dispositional traits jointly shape students’ susceptibility to different forms of addictive 

behavior. Substance-related severity showed only selective associations, primarily with 

impulse dyscontrol and compulsive–ritualized tendencies, consistent with neurobiological 

accounts linking substance involvement to impaired prefrontal inhibitory control and the 

transition from impulsive to compulsive consumption (Everitt & Robbins, 2016; Volkow et 

al., 2019). In contrast, alcohol-related severity displayed a far broader constellation of 

associations, encompassing affective dysregulation, obsessive ideation, 

emotion-regulation difficulties, psychological distress, and alexithymic traits, suggesting 

that alcohol may function as a maladaptive strategy for alleviating negative affect or 

managing overwhelming internal states (Estévez et al., 2017). These patterns were 

mirrored in personality correlates, with lower emotional stability and higher openness 

predicting greater alcohol-related risk, in line with evidence linking novelty seeking and 

emotional reactivity to binge-drinking tendencies. The most pervasive associations 

emerged for problematic internet use, which was strongly linked to all ABQ domains as 

well as to deficits in emotion regulation, elevated distress, alexithymia, and reduced 

emotional stability. This profile supports the view that internet use may serve as a broad 

dysfunctional coping strategy for individuals with diverse regulatory fragilities, offering 

immediate affective relief while reinforcing compulsive engagement through reward-based 

and habit-driven mechanisms (Brand et al., 2019).  
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Our findings also support a conceptualization of addiction that views maladaptive 

behaviors not merely as impulsive acts, but as complex responses shaped by emotional 

and relational dysregulation. The involvement of alexithymia further suggests that for some 

students, emotional experience may be encoded primarily at a somatic or pre-reflective 

level, limiting access to symbolic processing and increasing vulnerability to maladaptive 

coping strategies. This interpretation is consistent with research showing that alexithymic 

individuals are more likely to engage in addictive behaviors as a means of down-regulating 

undifferentiated arousal (Lane et al., 2015; Thorberg et al., 2011). This aligns with the 

framework proposed by Caretti et al. (2018), which suggests that addictive behaviors arise 

from the interplay of impulsivity, compulsivity, obsessiveness, emotional dysregulation, 

dissociation, and insecure attachment. Indeed, many individuals with problematic 

substance use or behavioral addictions report obsessive preoccupation with addictive 

stimuli, which can lead to impulsive or compulsive enactment (Caretti et al., 2018).. 

Moreover, these results are in line with our previous study (Procida et., submitted) that 

revealed how these interconnected vulnerabilities may contribute to the development and 

persistence of addictive behaviors and risk factors in young university students. 

 

Personality and impulsivity as dispositional risk factors 

While alexithymia captures an emotional–cognitive susceptibility that biases 

individuals toward immediate rewards, the profile emerging from broad personality traits 

diverges from this account. The findings also highlight the contribution of dispositional 

traits to addiction vulnerability. Low conscientiousness and low emotional stability were 

associated with higher addiction severity, consistent with evidence that these traits reflect 

enduring tendencies toward impulsivity, affective instability, and poor self-control 

(Andreassen et al., 2013; Kotov et al., 2010). These personality dimensions may amplify 

the impact of situational stressors by reducing the capacity to maintain goal-directed 

behavior or inhibit maladaptive impulses. Importantly, the associations between temporal 

discounting and the ABQ domains of somatoform/psychological dissociation (D3), 

compulsive behaviors and ritualization (D6), and obsessive thoughts (D7) suggest that 

steep discounting reflects a broader vulnerability toward immediacy‑ driven regulation 

rather than addiction severity per se. Individuals with somatoform or dissociative 

tendencies often rely on rapid strategies to alleviate internal discomfort, consistent with 

evidence that somatization and dissociation are linked to a preference for short‑ term relief 

and difficulties representing future outcomes (Hasin & Katz, 2007; Kirmayer & Taillefer, 
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1997; Holmes et al., 2005). Likewise, the associations with impulsive, compulsive, and 

obsessive domains indicate that high discounting aligns with urgency‑ driven action and 

habitual responding: compulsive rituals and intrusive thoughts generate acute tension that 

individuals attempt to neutralize immediately, mirroring the prioritization of short‑ term 

outcomes observed in altered intertemporal decision‑ making among obsessive–

compulsive profiles (Steinglass et al., 2016; Story et al., 2015). From this perspective, 

temporal discounting may index a core cognitive–affective bias toward immediate relief, 

fostering reliance on dissociative, impulsive, or ritualized responses and providing a 

substrate that can potentiate—but does not directly determine—addictive vulnerability 

(Bickel et al., 2014). 

 

The effects of the Pr.I.M.E. intervention 

Beyond identifying vulnerability markers, the present study provides preliminary 

evidence that the Pr.I.M.E. experiential workshops can produce meaningful improvements 

in psychological processes implicated in addiction risk. Participants in the intervention 

group exhibited reductions in emotional dysregulation, psychological distress, and somatic 

reactivity, as well as changes in temporal discounting, whereas no comparable 

improvements were observed in the control group. These findings suggest that the 

intervention successfully targeted core regulatory mechanisms, consistent with its 

theoretical foundations. When interpreting the effectiveness of the intervention, it is 

important to consider the baseline differences that emerged between the two groups on 

several ABQ domains. Participants in the experimental group showed higher initial scores 

in critical areas such as childhood traumatic experiences, separation anxiety, and, most 

notably, affective dysregulation and impulse dyscontrol (as measured by the ABQ rather 

than the DERS). This pattern suggests that the experiential workshops were implemented 

with a subgroup characterized by greater psychological vulnerability. It is plausible that 

these students possessed a stronger intrinsic motivation to engage in the intervention, 

which may have contributed to a self‑ selection process favoring individuals with more 

pronounced regulatory difficulties. 

The reduction in DERS scores is particularly noteworthy, given that emotion-

regulation difficulties emerged as one of the strongest correlates of addiction vulnerability. 

The experiential workshops incorporated mindfulness practices, breath awareness, body-

scan exercises, and emotion-labeling strategies, techniques known to enhance regulatory 

capacity by increasing interoceptive awareness, reducing autonomic arousal, and 
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promoting non-reactive attention to internal states (Hölzel et al., 2011; Tang et al., 2015). 

Improvements in psychological distress, as measured through the K-10 test, further 

indicate that the intervention may buffer students against stress-related triggers of 

maladaptive coping, a particularly relevant outcome given the high prevalence of distress 

in university populations (Auerbach et al., 2016; Sheldon et al., 2021). Furthermore, 

reductions in emotional dysregulation were moderately associated with reductions in 

psychological distress, indicating that improvements in the capacity to modulate emotional 

states co‑ occurred with a broader decrease in subjective suffering. This finding is 

consistent with theoretical accounts positioning emotion regulation as a central mechanism 

through which stress and maladaptive coping tendencies are mitigated (Gross, 2015; 

Sinha, 2008). In other words, students who became more capable of managing emotional 

arousal also experienced relief from the psychological burden that often fuels maladaptive 

behaviors, reinforcing the idea that affective regulation is a pivotal leverage point in 

preventive interventions. 

The decrease in supradiaphragmatic reactivity suggests enhanced autonomic 

regulation, consistent with evidence that mindfulness-based practices reduce sympathetic 

activation and promote parasympathetic balance (Ma et al., 2017). From a polyvagal 

perspective, this pattern may reflect a more efficient engagement of the ventral vagal 

complex, which regulates supradiaphragmatic structures such as the heart, lungs, 

pharynx, and larynx and supports states of calm, social engagement, and flexible 

emotional responding (Porges, 2007, 2009). According to the Polyvagal Theory, indeed, 

difficulties in emotion regulation can shift the autonomic system toward defensive states 

characterized by heightened sympathetic arousal and reduced vagal tone, leading to 

physiological hyperactivation that is experienced as stress. Thus, reductions in 

supradiaphragmatic reactivity may indicate a restored capacity to modulate autonomic 

responses and maintain a more adaptive balance between arousal and regulation. 

Although changes in temporal discounting were modest, they indicate that 

experiential practices may also influence cognitive aspects of impulsivity, shifting 

preferences toward larger, delayed rewards—a choice typically regarded as less 

impulsive, more mature and adaptive, and indicative of greater self-control (Hendrickson & 

Rasmussen, 2017). As such, a preference for small, immediate rewards is also a 

well-established predictor of conduct problems and a significant risk factor for the 

development of substance misuse, drug use, and addictive behaviors. From a broader 

theoretical perspective, self-control can be understood as the capacity to maintain a 
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preference for long-term, higher-value goals even when smaller, immediately available 

rewards are present. In this sense, self-control reflects the ability to attenuate temporal 

discounting, the natural tendency to devalue future outcomes and to experience a 

diminished motivational pull toward delayed gratifications that all individuals, to some 

extent, exhibit (Canali 2020).  

The fact that temporal discounting changed despite its lack of baseline associations 

suggests that cognitive impulsivity may be more malleable than previously assumed, even 

if it is not a primary vulnerability marker in this population (Lempert and Phelps, 2016). In 

this sense, the malleability of temporal discounting may reflect broader shifts in 

self-regulatory functioning induced by the intervention, rather than direct effects on reward 

valuation per se. This interpretation aligns with dual-process models suggesting that 

discounting can be modulated by interventions that strengthen executive control or reduce 

affective reactivity, particularly during emerging adulthood when these systems retain 

substantial plasticity (Bechara, 2005; Steinberg, 2010). 

Overall, the findings support a mechanism-focused approach to addiction 

prevention in university settings. Rather than targeting specific behaviors, interventions 

may be more effective when they strengthen underlying regulatory capacities—emotion 

regulation, interoceptive awareness, distress tolerance, and impulse control. The Pr.I.M.E. 

program appears to operate precisely on these mechanisms, and the observed 

improvements suggest that even brief, experiential workshops can produce measurable 

psychological change. This is particularly relevant given the high prevalence of distress 

and maladaptive coping strategies among university students and the limited availability of 

campus-based mental health services (Eisenberg et al., 2018; Priestley et al., 2021). 
 

Limitations 
Although this study provides meaningful insights into the university experience of 

Italian students and identifies several variables associated with addictive behaviors and 

addiction risk, the findings should be interpreted with caution. The relatively small and 

demographically unbalanced sample limits the generalizability of the results; in particular, 

the predominance of female participants constrained the examination of gender‑ related 

differences in vulnerability. In addition, the absence of qualitative or contextual information 

on students lived experiences restricted the ability to fully capture the subjective meaning 

of the behaviors assessed, potentially narrowing the interpretive depth. It is also important 

to acknowledge that the low variability observed in certain behaviors—such as substance 
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use and gambling—may have reduced statistical power and hindered the detection of 

meaningful associations with psychological dimensions. Future research would benefit 

from samples with a more balanced distribution of addictive behaviors, allowing for more 

precise and nuanced reflections on addiction‑ related phenomena in university populations 

and a clearer delineation of differential risk profiles. Finally, because the present study was 

conducted in a non‑ clinical sample, the results should be viewed cautiously, as they may 

not fully reflect the complexity or severity typically observed in clinical contexts.
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General Discussion 
 

Every decision requires an evaluation of temporal horizons, subjective value, and 

anticipated consequences. Choosing between what is available now and what may come 

later requires individuals to project themselves into the future, tolerate uncertainty, and 

regulate the pull of immediate gratification. This fundamental tension between immediate 

and delayed outcomes is captured by the construct of temporal discounting, which 

describes the systematic tendency to devalue rewards as the delay to their receipt 

increases.  

In this dissertation, temporal discounting has served as a conceptual lens for 

examining how individuals navigate intertemporal trade-offs and how these processes 

relate to broader patterns of vulnerability. By examining how delayed outcomes are 

evaluated, the present work examines temporal discounting from complementary 

theoretical, neural, and psychopathological perspectives, with the aim of clarifying its role 

in intertemporal decision-making and its relevance for understanding vulnerability to 

maladaptive behaviors. As reviewed above, temporal discounting can be also considered 

as a transdiagnostic marker of maladaptive decision‑making, given its consistent 

associations with addictive behaviors, impulsivity, and a broad range of psychiatric 

conditions (Amlung et al., 2019). Individuals with steeper discount rates tend to favor 

immediate rewards, a pattern observed across substance use disorders, behavioral 

addictions, and impulse‑ control problems. 

Rather than treating discounting as a unitary phenomenon, the three studies were 

designed to examine its dual nature, such as a trait shaped by stable neurodevelopmental 

features (Study 1) and a state sensitive to psychological vulnerability and contextual 

modulation (Study 2 and Study 3). This perspective evidenced how intertemporal 

decision-making intertwines with the formation of vulnerability and the capacity for 

regulation in young individuals. However, delay discounting is not limited to clinical 

populations; it also plays a meaningful role in nonclinical contexts. In university students, 

for example, steeper discounting has been linked to psychological profiles characterized 

by emotional dysregulation, intrusive thinking, and greater vulnerability to potentially 

addictive behaviors.  Indeed, this developmental period represents a particularly 

informative context for studying intertemporal decision-making, as emerging adults face 

increasing autonomy, heightened emotional demands, and frequent exposure to 
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potentially risky behaviors, making them a population in which early vulnerability markers 

can be detected with clarity.  

In the first study presented in Chapter 2, we examined whether stable 

neurodevelopmental features of the anterior cingulate cortex relate to intertemporal choice. 

The ACC constitutes a central hub for cognitive control, conflict monitoring, and 

effort-based decision-making, and is consistently recruited when individuals must suppress 

impulsive responses in favor of delayed outcomes. Its role becomes particularly salient in 

situations where the trade-off between immediate and future rewards is ambiguous, 

requiring the integration of valuation processes with regulatory mechanisms. Structural 

studies have shown that asymmetries in ACC sulcal morphology are associated with more 

efficient cognitive control, likely reflecting intra-hemispheric specialization and enhanced 

neural efficiency. In a large sample of young adults, individuals with asymmetric ACC 

sulcal patterns showed lower discount rates than those with symmetric patterns, an effect 

specific to this region and not observed for control sulci or other cognitive measures. This 

suggests that the structural hemispheric asymmetry within the ACC may shape the 

development of cognitive control mechanisms, supporting the ability to prioritize long-term 

benefits over immediate gratification. In this sense, temporal discounting emerges as a 

partially trait-like construct grounded in stable neurodevelopmental predispositions.  

Although temporal discounting shows trait-like stability, a substantial body of 

research indicates that it is also sensitive to contextual and psychological influences. In 

line with this, Chapter 3 presented a study conducted within the Pr.I.M.E. project, a 

large-scale preventive program aimed at detecting early signs of vulnerability and 

occasional substance use among university students and at promoting healthier 

decision-making trajectories during emerging adulthood. Within this framework, we 

examined whether targeted preventive efforts may influence intertemporal choice and 

whether temporal discounting aligns with addiction-related risk traits in emerging adults. 

The results revealed that temporal discounting is associated with several risk-related traits, 

suggesting that reward-based decision-making contributes to individual differences in 

susceptibility to addiction within non-clinical populations. However, these findings raise an 

important question about whether the mechanisms linking temporal discounting to 

psychological vulnerability, while also remaining sensitive to contextual and regulatory 

influences, may represent viable targets for preventive intervention. 

To examine the extent to which the Pr.I.M.E framework can effectively capture early 

indicators of addiction risk within a university population, a third study aimed at testing 
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whether different dimensions (personality traits, emotional regulation, psychological 

distress, impulsivity) can be identified as meaningful intervention targets. As part of the 

intervention component, the research protocol included a series of experiential workshops 

designed to strengthen core regulatory capacities through evidence‑ based mindfulness 

practices, body‑ awareness exercises, and respiratory and emotional‑ regulation 

techniques. This intervention study showed that the Pr.I.M.E. experiential laboratories 

produced meaningful improvements in several psychological mechanisms linked to 

addiction risk, including reductions in emotional dysregulation, psychological distress, and 

supradiaphragmatic reactivity, along with a modest shift in temporal discounting. Although 

the experimental group started with higher vulnerability levels, the observed changes 

indicate that core regulatory processes in emerging adults are malleable and can be 

strengthened through brief experiential practices. Overall, the findings support 

mechanism-focused prevention approaches that target emotion regulation, interoception, 

and impulse control in university settings. 

To sum up, by integrating theoretical models, neural evidence, and 

intervention-based findings, this dissertation demonstrates that temporal discounting is 

shaped by both stable neurodevelopmental features and dynamic regulatory processes, 

and that these mechanisms jointly inform vulnerability and resilience in emerging 

adulthood. This multi-level perspective advances current models of intertemporal choice 

and offers valuable insights for future research and preventive interventions, highlighting 

that temporal discounting, even if viewed as a trait-like tendency, can also be modulated 

as a state, particularly when regulatory capacities are strengthened through targeted 

experiential practices. 
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Supplementary Analyses 

 

Characterization of the CS sulcal pattern and relation with DD  
For each hemisphere, the CS was classified as continuous when it formed a single 

uninterrupted sulcus and as interrupted when it was split into two or more segments. The 

CS interruption was classified as symmetric when both hemispheres showed the same 



 

 
 

pattern (both continuous or both interrupted) and as asymmetric when the pattern differed 

between hemispheres (continuous in one hemisphere and interrupted in the other).  

To investigate whether a distinct morphological feature of the Cingulate Cortex (i.e., 

the interruption of CS) was associated with DD rate, we performed a Generalized Linear 

Model (GLM) including the CS pattern (continuous/interrupted) and sex as categorical 

factors and the third factor of the PCA (delay discounting) as the dependent variable. The 

analysis revealed no significant association in either the right (β = -0.0043, SE = 0.052, z = 

-0.082, p = 0.934) or left (β = -0.0550, SE = 0.057, z = -0.962, p = 0.336) hemisphere. 

In addition, we classified the symmetry/asymmetry pattern of the cingulate sulcus 

based on interruption and included symmetry/asymmetry CS pattern and sex as 

categorical factors, and the DD factor as the dependent variable. No significant result was 

found (β = 0874, SE = 0.102, z = 0.860, p = 0.390), supporting the specificity of the 

association between ACC sulcal patterns and DD.  

 
Supplementary Table 1. Post hoc chi-square analysis of frequency distribution. 

In this table, Study 1 corresponds to Yucel et al. (2001), Study 2 to Cachia et al. (2014), Study 3 to 

Borst et al. (2014), Study 4 to Tissier et al. (2018), and Study 5 represents the Present study. 

 

Contrast p-value corrected p-value  
LEFT 

Study 1 vs 2 0,0213 0,2128 
Study 1 vs 3 0,9479 1 
Study 1 vs 4 <0,001 <0,001 
Study 1 vs 5 0,7881 1 
Study 2 vs 3 0,0122 0,1219 
Study 2 vs 4 <0,001 <0,001 
Study 2 vs 5 0,0578 0,5781 
Study 3 vs 4 <0,001 0,0001 
Study 3 vs 5 0,6344 1 
Study 4 vs 5 <0,001 <0,001 
RIGHT 

Study 1 vs 2 0,6982 1 
Study 1 vs 3 0,0237 0,2374 
Study 1 vs 4 0,0534 0,5344 
Study 1 vs 5 0,1921 1 
Study 2 vs 3 0,0839 0,8391 
Study 2 vs 4 0,1626 1 
Study 2 vs 5 0,0653 0,6528 



 

 
 

Study 3 vs 4 0,8484 1 
Study 3 vs 5 0,0002 0,0024 
Study 4 vs 5 0,0008 0,008 
SYMMETRY/ASYMMETRY 

Study 1 vs 2 0,9142 1 
Study 1 vs 3 0,5686 1 
Study 1 vs 4 <0,001 0,0001 
Study 1 vs 5 0,0268 0,2683 
Study 2 vs 3 0,7495 1 
Study 2 vs 4 <0,001 <0,001 
Study 2 vs 5 0,0144 0,1443 
Study 3 vs 4 <0,001 <0,001 
Study 3 vs 5 0,004 0,0404 
Study 4 vs 5 0,0491 0,4912 

 

 

Supplementary Table 2. Association between ACC morphology and single PCA’s 
tasks/metrics. The table reports the β values, SE, z points, and uncorrected p values of ACC 

symmetry/asymmetry pattern and all tasks entered into the PCA. 

 

Measure β_ACC SE z p 
MemEpNonV 0.9706 1.351 0.719 0.472 

MemEpVerbAcc 0.3751 0.296 1.268 0.205 
MemEpVerbRT 32.3665 29.456 1.099 0.272 

WM -2.0820 1.097 -1.898 0.058 
EXE_Cog 0.5275 1.049 0.503 0.615 
EXE_Inib 0.2046 1.017 0.201 0.841 
FluInt_Acc -0.0579 0.473 -0.122 0.903 
FluInt_RT 1156.4718 918.156 1.260 0.208 

LanP -0.8747 1.085 -0.806 0.420 
LanC 0.6330 0.984 0.643 0.520 

SpeedProc -4.7809 1.517 -3.153 0.002 
Imp_200 0.0479 0.021 2.279 0.023 
Imp_40 0.0423 0.028 1.508 0.132 

OrientSp_Acc 0.6747 0.452 1.492 0.136 
OrientSp_RT 13.0433 37.764 0.345 0.730 

ATT_RT 6.8788 4.128 1.666 0.096 
ATT_d -0.0007 0.005 -0.142 0.887 

ATT_spec 0.0019 0.004 0.523 0.601 
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