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Michon’s hierarchical 

Graphical representation of the Michon’s hierarchical model of driving





sustained externally driven attention according to their “stimulus dependency” and “task relatedness” 











. Finally, we operationalized Stawarczyk’s TR/S



dimensional structure, which assesses cyclists’ Visual

to test whether drivers’ distraction 

risky driving behaviors and that this relationship is mediated by the driver’s self







risk to road safety. DD is defined as “

” (Lee et al.



also known as “Mind Wandering” (MW





defined using the following syntax terms based on title, abstract, and keywords: “Driv*” OR 

“Driving” OR “Drive” AND “Mind Wander*” OR “Mind Wandering” OR “Mind Wandering” OR 

“Daydream*” OR “Daydreaming”. Queries adjusted for each database are presented in Table 1. 







selected studies separately. Fleiss’s Kappa was used to determine interrater reliability. Three 

. Fleiss’ Kappa 

repeated measure study, and 1 study implementing randomized controlled trials design. The study’s 

2012), and participants’ ages 





years’ experience 

3+ years’ 



All 34 studies were rated on the CASP checklist. Nine studies were rated “high quality” (2 

“moderate quality”. Eight studies obtained a score of 3, indicating “poor quality”. Nine studies 









clarity, the concept of “familiarity” in this context refers to









on drivers’ attention. Systems that significantly reduce perceptual load, such as partial Level 2 and 
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warczyk and colleagues’ model (2011) is 



complex tasks:  the “task relatedness” (TR) (e.g., involvement with the task) and the “stimulus

dependency” (SD) (e.g., dependence on external stimuli).





, following TR and SD dimensions of Stawarczyk’s model (2011). It is suggested 





about participants’ driving habits and years of license. After the interview, all participants 

While driving, I sometimes pay attention to the billboards along 



the road

point Likert scale, with 1 “Never” 

and 5 “Almost always”. 

properties (DBQ Violation, α=.80; DBQ Errors, α=.77; DBQ Lapses, α=.76).



e, α=.88).



factor analysis, both Bartlett’s test of sphericity and the Kaiser

istic (χ²), the Comparative Fit 



using Cronbach's alpha (α), McDonald's omega (ω), and the Composite Reliability Index (CRI). 



the Beck Depression Inventory II (BDI). Pearson’s correlation coefficient was employed to 



yielded a statistically significant result (χ² = 7770, df = 300, 

presents the factor loadings (λ) for each item on its respective 

off criterion of λ = .400.
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McDonald’s omega.







for RMSEA (α= .010); 



factor model and standardized parameter estimates (λ) for each item

consistency, with Cronbach’s alpha coefficient exceeding .70 for each subscale and for the 

overall scale (α=.70; .80; .84; α total score= .83). Table 3 shows Cronbach’s alpha, McDonald’s 



To evaluate the construct validity of the QUADRIVIA, Pearson correlation coefficients (σ) 

lapses (σ = .264) and driving errors (σ = .367). Moreover, the Beck Depression Inventory II 
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Bχ² = 1034.2, RMSEA = .058, CFI = .902). This indicates th

Bχ² 

significant change in χ² (Δχ² = 12.85) and 

negligible changes in CFI (ΔCFI = <.001) suggest that the factor loadings were largely equivalent 

a “borderline” fit (S Bχ² = 

in χ² (Δχ² = 137.466, 

Bχ² = 842.02, 

Bχ² = 852.49; RMSEA = .062

square (Δχ² = 86.992, p < .001), indicating 

Bχ² = 792.2; RMSEA = .061, CFI = .900. The metric invariance 

Bχ² = 809.64, p < .001; RMSEA = .05

square was not statistically significant, Δχ² = 13.2, and the negligible changes 



in CFI (ΔCFI = .001) suggest that the factor loadings are largely equivalent across these age 

square (Δχ² = 86.992, p = .005), suggesting a lack of full scala

Bχ² = 

Bχ² = 878.2; RMSEA = .062, CFI = .895. The change in chi square (Δχ² = 23.81, p = .070) was 

not statistically significant, and the negligible change in the Comparative Fit Index (ΔCFI = .004) 

square (Δχ² = 144.4, 

of full scalar invariance across gender and age groups (Δχ² significant at p < .001). This finding 
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This is supported by the QUADRIVIA subscale’s positive correlations with the DBQ errors 







called ‘technology era’ in which communication and information systems increasingly shape 

impairs steering control, lane maintenance, and a rider’s ability to maintain a stable trajectory, react 

– –

‘technological’ risky behaviors and 



(Møller, 

Berghoefer, et al., 2024; Møller, Useche, et al., 2024), reducing cyclists’ ability to focus on the 

–



(Nygårdhs et al., 2018)

(Huemer et al., 2022; Nygårdhs et 

al., 2018)

, which also influence their subsequent valuation of the ‘compensated’ risk (Flügel et al., 2019; 

Messiah et al., 2012)

(Nygårdhs et al., 2018)

(Ahlstrom et al., 2016; Kircher et al., 2015)



–

–



insights endorsing the idea that the PURS has predictive value in explaining cyclists’ crash figures.



level, used for descriptive and statistical control purposes. However, the gender category “non

binary/other”, which accounted for approximately 1% of the sample

type scale designed to assess cyclists’ interactions with 

–

– –

Example item: “You looked 

continually at the phone for more than two seconds”

item: “You reacted without delay to a ringing phone”

Example items: “You posted on social media apps”; “You 

used your phone as a GPS/Maps device”

Example item: “You reduced your speed while using your 

phone to prevent a crash”



–

The CBQ is based on the Behavioral Questionnaire (BQ) paradigm, which follows Reason’s 

–

– –

(Özkan 

& Lajunen, 2005)

languages, showing adequate internal consistency (Cronbach’s α ranging [.603–.920]; McDonald’s 

ω ranging [.770– –

Cyclists’ Risk Perception and Regulation Scale (RPRS)

type scale that measures cyclists’ risk perception and 



–

consistency indexes, with Cronbach’s alpha coefficients ranging from [.66 –

situations encountered by cyclists (e.g., “

”), and a behavioral approach, emphasizing adaptive responses to distractions (e.g., “You 



increased your distance from the vehicle/bike in front while using the phone to prevent a crash”). 

To establish content validity, the questionnaire was evaluated by the study’s authors, all of 









To determine the suitability of the data for factor analysis, both Bartlett’s test of sphericity 

first (Bartlett’s test) assesses whether the correlation matrix is signi



square value (χ²), Comparative Fit Index (CFI), Normed Fit Index 

(Kuha, 2004; Ruiz-

Hernández et al., 2020; Marsh et al., 2004)



Internal consistency and reliability were assessed using Cronbach’s alpha (α) and 

McDonald’s omega (ω) for both the full scale and individual subscales. Cronbach’s alpha 

. To complement this, McDonald’s omega (ω) 

–

.800 suggest a ‘highly reliable’ construct 





Variance Extracted method. From a theoretical standpoint, the ‘rules of thumb’ state that an AVE 

crashes in the past five years. The model controlled for cyclists’ age and r

–

–

robust assessment of the questionnaire’s predictive ability, moving beyond simple correlational 

the model for cyclists’ age and exposure aimi



To assess the factorability of the matrix, Bartlett’s test of sphericity was performed to examine 

evaluate sampling adequacy. Bartlett’s test yielded significant results (χ² = 5011, df = 26; p < .001), 



from the final model due to its low factor loading (λ < .400) across all dimensions and weak 



Confidence Interval for RMSEA (α= .010); 



λ

α =.913; ω

α
ω

α

ω

– –
– –

Cronbach’s alpha; McDonald’s omega.



scale Cronbach’s alpha (α = .929) and McDonald’s omega (ω = .931), both 

Manual Interactions) α = .913, ω = .914; F2 (Risk Compensating Behaviors) α 

= .907, ω = .906; and F3 (Hands Free Auditory Interactions) α = .780, ω = .781.



Table 4 details Cronbach’s alpha (α) and McDonald’s omega (ω) values if individual items 

Scale’s Cronbach’s alpha (α) and McDonald’s omega (ω) coefficients if an item is removed from 

Cronbach’s α McDonald’s ω

basic indices such as Cronbach’s alpha 



σ

σ ↔ σ ↔

relationship between PURS scores, cycling errors (σ = .454), and deliberate violations (σ = .421). A 

s over the past five years (σ = .185). The full set of inter

calculated. The obtained value exceeded the commonly used ‘acceptable’ threshold of .500, with a 



, controlling for cyclists’ age and gender; ** The correlation is significant at the level 



—

—

Moreover, the ΔCFI values remained below the commonly recommended cut









based Path Analysis was performed. The structural model controlled for cyclists’ age, 

χ2



provided strong fit indices (χ² = 342.581, 

–

Riding Scale (PURS) serves as a significant predictor of cyclists’ safety





Moreover, the factorability of the matrix was supported by Bartlett’s test of sphericity (χ² = 

TLI = .992, RMSEA = .035). Standardized factor loading exceeded the recommended cutoff (λ 

(Gené-Sampedro et al., 2024; 

Jiang et al., 2021)

influencing cyclists’ interactions with mobile devices while riding



including Cronbach’s alpha (α), McDonald’s omega (ω), and Composite Reliability Indexes 

The Cronbach’s alpha coefficients for each PURS dimension exceeded the widely 

o considerably high (α = .921)

In addition to Cronbach’s alpha, McDonald’s omega coefficients were calculated to 



(Møller & Haustein, 2017; Stensen & Lydersen, 2022)

–

–

(Møller & 

Haustein, 2017; Oviedo-Trespalacios et al., 2021; Oviedo-Trespalacios & Scott-Parker, 2017; 

Useche, Alonso, Boyko, et al., 2024)



positively associated (σ = .568; p < .001), while F1 and Hands

relation (σ = .542; p < .001). These findings suggest that while each 

From a theoretical standpoint, these results further support the PURS’ convergent 

validity, as they indicate that the scale’s factors maintain significant associations while 



–



–

Path analysis: Does the PURS predict cyclists’ safety outcomes?

β

β

cyclists’ safety

(Oviedo-

Trespalacios et al., 2016; Useche, Alonso, et al., 2018; Møller, Berghoefer, et al., 2024)

. recent literature on ‘slow mobility’ 









: Traficante, S. Tinella, S., Lopez, A., Useche, S.A…Bosco, A., 



the ‘digital age’ in everyday life 

“NO phobia,” or Nomophobia, which describes the anxiety and fear experienced 

On a practical level, nomophobia has been linked to several ‘typical’ symptoms, 



called ‘sense of urgency’ 

Specific studies further suggest that these factors are key in shaping an individual’s reliance on 



. Consequently, the disruption of this ‘communication network’ can 



that investigate four nomophobia dimensions: “not being able to access information”, “giving 

up convenience”, “not being able to communicate, and losing connectedness”. To date, the 





excluded from the study), and collecting details about participants’ smartphone usage and 

scale items were translated using the “backward and forward” method, following the steps 



participants’ autonomy, and avoid any labeling or diagnostic implications. Indeed, the research 



square value (χ²), 

Kuha, 2004; 

Ruiz-Hernández et al., 2020; Marsh et al., 2004



if any. Internal consistencies were assessed by calculating Cronbach’s alpha and McDonald’s 

adequacy. Bartlett's test of sphericity yielded significant results (χ² =17831, df= 190; 



to increase from Model 1 (Δχ²= .001) to Model 13 (Δχ²=

λ) is shown in Figure 1.



χ Δχ

χ²= chi
Standardized Root Mean Square Residual; RMSEA= Root Mean Square Error of Approximation; Δ χ²= delta chi

Cronbach’s and McDonald’s alpha coefficients exceeding .800 for each subscale and for the 

overall scale (α/ω ≈ [.850 – .930]; overall α/ω ≈ .950), suggesting an adequate level



Table 3 presents Cronbach’s alpha and McDonald’s omega values if an item is deleted. 

Q subscale either decreases or maintains the Cronbach’s alpha and McDonald’s omega 

λ
Cronbach’s

λ= Lambda factor loadings / standardized estimates



1145; Cohen’s d= .366; 





Bχ² = 1768.938, df = 328, RMSEA = .055, CFI = .916), suggesting tha

Bχ² = 1776.627; df = 344, RMSEA = .062; CFI = .916). The non

significant change in χ² (Δχ² = 7.689; > .050) and negligible changes in CFI (ΔCFI = .001) 

and RMSEA (ΔRMSEA = .001) suggest that factor loadings were largely equivalent across 

Bχ² = 1829.497; df = 364; RMSEA = .080; CFI = .912), the significan



in χ² (Δχ² = 52.870; < .001) and notable changes in CFI (ΔCFI = .010) and RMSEA 

(ΔRMSEA = .011) suggest that full scalar invariance was not supported.

configural model, testing for equivalence in the factorial structure’s form, demonstrated 

Bχ²(492) = 1437.301; 

Bχ²(524) = 1468.825; 

significant change in χ² (Δχ²(32) = 31.524; 

(ΔCFI = .003) and RMSEA (ΔRMSEA = .005) indicate that the relationships between the items 

The scalar invariance model, however, showed a statistically significant change in χ² 

(Δχ²(40) = 156.926; 

CFI (ΔCFI = .013) and RMSEA (ΔRMSEA = .009) indicate that 

Bχ²

Bχ²

.911, as shown in detail in Table 5. While the change in χ² was statistically significant (Δχ²(15) 

< .010), the small changes in CFI (ΔCFI = .006) and RMSEA (ΔRMSEA = .002) 

invariance model revealed a statistically significant change in χ² (Δχ²(17) = 38.584; 

the changes in CFI (ΔCFI 

and RMSEA (ΔRMSEA = .006) 



Χ χ ∆CFI

Χ
Χ ; ∆CFI = differences in 



which includes the same factors identified in Yildirim and Correia’s original model and 



the distinction between “Loss of communication” 

and “Giving up convenience.”



(Gezgin et al., 2018; O’Hern et al., 2025)

evaluated using Cronbach’s alpha and McDonald’s omega, adopted as complementarily 

reliably indicators of the scale’s internal consistency. Looking at the numbers, both uni

Q’s suitability for assessing nomophobia 
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Perceptual Load Conditions”. [in preparation].



Distracted driving is a major contributor to motor-vehicle crashes (MVCs). In the United 

States, about three thousand fatalities in 2023 involved distracted drivers (NHTSA, 2024), with 

younger adults (e.g., 18–29) frequently reported at elevated risk (Freeman et al., 2012). 

Furthermore, the recent increase in MVCs and injuries, especially in several high-income 

countries, highlights the need for more targeted prevention strategies (Curry et al., 2021; 

Fridman, 2021). According to the literature, Distracted Driving (DD) can be defined as the 

diversion of attention from the primary driving task to secondary activities driven by 

perception/response to external stimuli or self-generated internal thoughts (Lee, Young, and 

Regan, 2008). DD is often categorized by modality, typically into visual, auditory, motor, and 

cognitive forms (Neyens & Boyle, 2007). Considering mobile-phone use while driving as an 

illustration: visual distraction means shifting your gaze from the traffic scenario to the phone’s 

screen; auditory distraction is attending to the caller’s voice; manual distraction involves dialing 

or texting; and cognitive distraction is mentally processing the conversation (Sundfør et al., 

2019). Looking away from the roadway is one clear visual hazard, but all the aforementioned 

types of distractions can contribute to MVCs, resulting in injury and fatalities. 

For the sake of clarity, another important distinction must be considered between 

distraction and inattention. As mentioned before, DD involves an attentional shift to concurrent 

activities usually linked to stimuli from external sources (e.g., visual, auditory). However, 

Driver Inattention (DI) can be defined as the failure to invest attention in the driving task (Regan 

et al., 2011). Indeed, a recent review concluded that DI accounts for a substantial proportion of 

MVCs, fatal and non-fatal alike, with a lower-bound estimate of about 12% of all the registered 

MVCs (Sagberg & Sundfør, 2016). In this theoretical framework, the phenomenon of Mind-

Wandering (MW) can be included (Smallwood & Schooler, 2014). In light of this, MW behind 

the wheel is defined as a shift of attention to internal mentation (Traficante et al., 2025). 



Stawarczyk et al. (2011) defined MW as a specific conscious experience characterized by a 

series of thoughts that are not related to the task at hand and are not dependent on external 

stimulation.

Moreover, different studies defined it variously, but one of the most famous formulations 

associated with MW is “look but failed to see” (Herslund & Jørgensen, 2003). The term is 

usually used to describe a phenomenon known as inattentional blindness, which occurs when 

an individual fails to perceive a visible stimulus because their attention is directed elsewhere 

(Charlton & Starkey, 2013). In such situations, drivers maintain a firm grip on the steering 

wheel and maintain their gaze on the road ahead. However, they do not allocate cognitive 

resources to the driving task (e.g., Kimura et al., 2022). 

The previous literature showed different factors that affected MW during driving 

activities, including human factors (e.g., susceptibility to distraction, personality 

characteristics, etc.) (Tinella et al., 2022, 2024), environmental factors (e.g., weather conditions 

or road geometry; Burdett et al., 2017), and vehicle-related factors (e.g., advanced driver 

assistance systems, ADAS) (Traficante et al., 2025). While all these factors influence MW while 

driving, the most frequently mentioned factor in the literature is that related to perceptual load. 

Indeed, a substantial body of research, including studies by Geden et al. (2018) and Yanko and 

Spalek (2014), has identified a specific association between susceptibility to perceptual load 

and two distinct conditions: driving time and road familiarity. Indeed, extant research has 

demonstrated that MW at the wheel often occurs near the driver's place of residence or the 

immediate neighborhood (Burdett et al., 2017). This suggests the crucial role of familiarity with 

the driving environment, as a low perceptual-load condition, in influencing MW. On the other 

hand, the literature has demonstrated that under high perceptual load conditions, participants’ 

minds wandered less often (Geden et al., 2018), focusing more attention on the driving task and 

producing more task-related thoughts (TRT) (Walker & Trick, 2018). He et al. (2011) showed 



in their study that brief gusts of crosswind increased the demand for control (steering 

corrections to stay in lane). During/immediately after these disturbances, drivers reported fewer 

irrelevant thoughts. Crosswind, therefore, acted as an attentional anchor, increasing the 

perceptual load: greater task demand and less attentional decoupling. 

Literature shows that when drivers are in a low perceptual load condition, they are more 

likely to engage in Task-Unrelated Thoughts (TUT) (e.g. Lemercier et al., 2014; Özbozdağlı, 

2021). Furthermore, some studies have shown that these situations were associated with a 

deterioration in driving performance, observing that MW was associated with a reduction in 

driving distance (Yanko & Spalek, 2014), higher average speed (Burdett et al. 2019), and an 

increase in the standard deviation of the lateral position (SLDP: quantitative measure of the 

car's lateral movement, showing how consistently a driver stays within lane lines) (He et al., 

2011; Baldwin et al., 2017). About the time factor, a study by Zhang & Kumada (2017) 

demonstrated that the frequency of MW increased significantly with driving time. This 

phenomenon is associated with driving fatigue, which increases the driver's cognitive load and 

impairs executive control, thereby increasing the likelihood of MW episodes. 

Moreover, it is important to recognize that the impact of distraction and cognitive load 

on driving performance varies significantly among all drivers. Gender represents a significant 

demographic variable that has been demonstrated to influence driving behavior and distract 

driving susceptibility, as evidenced by numerous studies in the extant literature (e.g., Billah et 

al., 2022; Barr et al., 2015; Öztürk et al., 2023). A substantial body of research indicates that 

male drivers, particularly among the younger individuals, show a propensity to underestimate 

risk, a high level of sensation seeking, and overestimate their abilities (Fountas et al., 2019; 

Ulleberg & Rundmo, 2003). This cognitive bias has been associated with an increased 

likelihood of speeding and engaging in other hazardous behaviors (Ulleberg & Rundmo, 2003). 



Conversely, female drivers tend to employ more cautious driving behaviors, showing an 

increased level of driving self-regulation (Kostyniuk & Molnar, 2008). 

Despite considerable progress, some critical issues remain. First, although it is clear that 

perceptual load has an influence, there is a lack of literature on whether individual susceptibility 

to distraction amplifies or attenuates its impact on driving performance. Second, most studies 

examine only one cognitive aspect, and relatively few studies simultaneously assess TUT and 

TRT under systematically manipulated perceptual load. This limits the ability to provide a 

detailed description of how thought content changes with contextual demands. Third, the 

interaction between gender and other individual predispositions, such as susceptibility to 

distraction, in regulating driving performance under specific perceptual load conditions, 

remains to be fully clarified.

To address this gap, the present study aims to investigate the impact of distracted driving 

susceptibility and perceptual load on various behavioral patterns in a simulated driving task. To 

this end, a high-fidelity driving simulator was employed to measure moment-by-moment 

changes in steering, speed, and response to hazards. Moreover, we probed the participants' 

thoughts both online (during the task) and offline to investigate the frequency of TRT and TUT 

during the experimental conditions. Our hypotheses are formulated as follows: 

H1: Participants with low susceptibility to distracted driving should maintain stable 

performance across different perceptual load conditions. 

H2: Participants with high susceptibility to distracted driving should be more likely to worsen 

their driving performance in low perceptual load conditions.

H3: Participants should be more likely to incur TRT in the high perceptual load condition. 



H4: Participants should be more likely to incur TUT in the low perceptual load condition.

Materials and Methods

Design

. Groups were formed based on the results of 

the QUADRIVIA questionnaire, which detects different types of conscious experience related 

to distraction. Participants with a score equal to or below the 25th percentile were included in 

the low susceptibility group. Participants with a score equal to or above the 75th percentile were 

included in the high susceptibility group. Susceptibility groups were also balanced for gender. 

We then measured how these variables affected different behavioral patterns in a simulated 

driving task, including driving speed (meters per second, m/s), standard deviation of lateral 

position (SLDP) (meters, m), and steering angle (degrees °). 

We recruited 34 undergraduate students in clinical psychology, comprising 24 females 

and 10 males (High Susceptibility Group: M±SD = 21.82±2.06; Low Susceptibility Group: 

M±SD = 20.64±1.96) from the University of Bari Aldo Moro. They were unaware of the study 

hypothesis. All participants were required to: (a) hold a valid, current driver's license, 

provisional or above; (b) have normal or corrected to normal vision; (c) have driven more than 



one time within the last month; and (d) not be or have been a professional driver (e.g., taxi 

driver, truck driver, transporter on delivery, etc.). Descriptive statistics are reported in Table 1. 

All participants provided written informed consent before enrolment in the study, which was 

approved by the Ethical Committee of the host institution (ET-23-23). The study was conducted 

following the Helsinki Declaration and its subsequent amendments. 

Participants’ information 



with 1 “Never” and 5 “Almost always”. The score for each subscale is calculated by summing 

Participants with a score equal to or below 51 (25th percentile) were included 

in the low susceptibility group. Participants with a score equal to or above 78 (75th percentile) 

were included in the high susceptibility group

Likert scale (from 0 = ‘not at all’ to 4 = ‘extremely’). 



point scale (0 = ‘none’, 1 = ‘mild’, 2 = ‘moderate’, 3 = ‘severe’). The 

’s hardware 

″ diagonal display and a 100





Figure 2. Driving scenario in the high perceptual load condition (CarnetSoft demonstration)

Figure 3. Driving scenario in the low perceptual load condition (CarnetSoft demonstration)



Upon arrival, participants were asked to read and sign the informed consent form and 

were informed that they may experience symptoms typical of simulator sickness (e.g., nausea, 

dizziness, eye pain). Once the consent form had been signed, participants were invited to 

proceed to the simulator area, where they were greeted by the simulator operator and given 

instructions regarding the driving portion of the experiment. In particular, they were encouraged 

to drive safely, to observe all driving rules, and to always stay in the right lane. They were also 

informed that they would periodically hear the researcher inquiring about their thoughts during 

driving tasks. Following that, participants completed a 5-minute practice drive, which allowed 

them to become accustomed to the feeling of being in a driving simulator and to become 

familiar with the controls of the car. 

Participants then completed the two experimental conditions, each lasting 10 minutes, 

and the order of which was counterbalanced across participants. Additionally, MW probes were 

used to determine whether the drivers were thinking about driving online and after completing 

the task. At five different times (1-3-6-8-9) during each driving condition, the researcher asked: 

"Are you thinking about anything right now?" If they said "No" or "Nothing," they kept driving. 

If they said "Yes", they were asked about the content of their thoughts. That means they were 

asked if their thoughts were task-related (TRT) or task-unrelated (TUT). 

At the conclusion of each drive, participants were invited to complete the offline probing 

post-task and share their thoughts through the DSSQ (Matthews et al., 1991). 

In light of this, we performed Cronbach’s alpha and McDonald’s omega for each subscale (

α=.817; TRT ω=.8 α ω=.



Finally, the SSQ (Biondi et al. 2018) was administered. Following the conclusion of the 

experiment, the participants were provided with a debriefing sheet and expressed their gratitude 

for their involvement. The entire experimental procedure lasted approximately 35 minutes. 

In the following sections, we present two sets of analyses. The initial investigation 

involved an analysis of variance (ANOVA), in which the effects of time on tasks (3, 6, and 9 

time blocks), perceptual load levels, and susceptibility to distraction on driving performance 

were examined. This was conducted using repeated measures analysis of variance, one for each 

driving outcome. The second set of analyses involved a goodness-of-fit chi-square between the 

frequency distribution of different conscious experiences (TRT/TUT) detected online in high 

and low load conditions. Moreover, a paired sample t-test was performed to compare the mean 

values of TRT and TUT for the probing post-task.  



The analysis of variance on speed revealed a significant two-way interaction between 

Time and Load (F(2, 60) = 13,420, p < .001; η²p= .306). However, the most interesting results 

emerge from higher-order interactions. Specifically, a post-hoc Time × Load × Gender analysis 

(F(2, 60) = 4,588, p = .014; η²p= .133) demonstrated that the interaction between time and load 

was moderated by gender. Subsequent post hoc analysis revealed that, while the general trend 

demonstrated an increase in speed over time under Low Load conditions, this effect was more 

evident in male participants. Nevertheless, direct comparison between load levels at the final 

time point (Time 9) confirmed that the speed difference between Low Load and High Load was 

robust and statistically significant for both genders (for females, p = .008; for males, p = .003). 

Additionally, a second three-way interaction Time × Group × Gender (F(2, 60) = 4.613, 

p = .014; η²p= .133), suggests that levels of distraction susceptibility, in combination with 

gender, also modulate the evolution of speed over time. The post hoc analysis indicated a 

significant increase in speed from time 3 to time 6 for the high-susceptibility females (p = .010 

and p = .022, respectively). Conversely, the speed of the low-susceptibility females remained 

consistently stable for the entire driving task. In contrast, males who demonstrated a high 

susceptibility to distraction showed a higher and more consistent speed compared to males with 

low susceptibility to distraction (p = .005) (Table 2, Figure 4, and Figure 5).



Figure 4. Interaction effect between Time x Load x Gender
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Figure 5. Interaction effect between Time x Groups x Gender (H= high susceptibility to distraction; 
L= low susceptibility to distraction; M= Male; F= Female).

The analysis revealed a statistically significant principal effect of the time factor, 

indicating that the SDLP of the participants within the lane changed during the test (F(2, 60) = 

4,427, p = .016, η²p = .129).  The analysis revealed no significant interactions between factors 

within subjects (Table 3). Considering the factors between subjects (Table 4), a statistically 

significant overall difference was observed between males and females in the maintenance of 

lateral position (F (1, 30) = 4,711, p = .038; η²p = .136). The absence of significant interactions 

suggests that these effects are constant. The difference between genders does not change as time 

or load varies, and the effect of time is the same for all participants, regardless of their 

susceptibility group, gender, or imposed cognitive load.
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Statistically significant main effects emerged for both the Time (F(2, 60) = 39,574, p < 

.001; η²p = .569) and the Load (F(1, 30) = 8,009, p = .008, η²p = .211). These effects are 

qualified by a significant two-way interaction Load × Time (F(2, 60) = 13,515, p < .001). In 

this case, it was determined that the participants decreased the steering angle up to block 6 in 

the high-load condition and then increased it significantly in block 9. In the low-load condition, 

participants showed a wider steering angle throughout the task. 

η² η²

✻



The three-way higher-order interaction Time × Gender × Groups (F(2, 60) = 3.217, p = 

.047; η²p =.097) was significant. Post-hoc analysis showed that females with low susceptibility 

to distraction exhibited a significant change in steering angle between the initial and 

intermediate phases of driving (time 3 vs. time 6; p < .001). The males of this group also 

demonstrated a marked evolution, with significant differences both between the initial and final 

phase (time 3 vs. time 9; p = .002) and between the intermediate and final phase (time 6 vs. 

time 9; p < .001). In the high susceptibility group, a significant change in steering behavior was 

observed between the intermediate and final phases of the task (time 6 vs. time 9; p < .001). A 

similar pattern was observed in the male participants, who also demonstrated a significant 

change between the intermediate and final phases (time 6 vs. time 9; p < .001). (Table 5, Figure 

6).
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Interaction effect between Time x Groups x Gender (H= high susceptibility to distraction; L= low 
susceptibility to distraction; M= Male; F= Female).

We performed goodness-of-fit chi-squared tests between the frequency distributions of 

various types of conscious experience in high and low-load conditions, one for each detection 

of thought content during the task. The results of the study indicated that the chi-squared tests 

were all significant. The analysis of the standardized residues revealed a substantial difference 

in the frequencies of TRT in favor of the high-load condition, as well as a considerable 

difference in the frequencies of TUT in favor of the low-load condition (zij=-2.01; -2,41; -2,49; 

-3,30; -2,46). More information is included in the following tables: Table 6, Table 7, Table 8; 

Table 9, Table 10. 



χ² Goodness of Fit

χ²

χ² Goodness of Fit

χ²

χ² Goodness of Fit

χ²



χ² Goodness of Fit

χ²

< .001

χ² Goodness of Fit

χ²

< .001



< .001



Note. Hₐ μ  ≠ 0; 

This study aimed to investigate the impact of perceptual load manipulation and 

individual susceptibility to distraction on participants' driving performance and conscious 

experience in a driving simulation task.  In order to provide a more comprehensive framework 

of the effects of attention on driving, the study measured behavioral parameters (speed, SDLP, 

and steering angle). It analyzed thinking contents (TRT and TUT). The findings support some 

of the existing literature and demonstrate the complex relationships that necessitate further 

investigation.



A detailed analysis of driving speed revealed three-way interactions that were found to 

be subordinate to the influence of gender. The Time × Load × Gender interaction demonstrated 

that under low load conditions, male participants showed a significant increase in speed over 

time then to female participants. This could be indicative of an increased inclination towards 

risk-taking behavior or a heightened perception of confidence in navigating conditions that are 

perceived as simple (Özkan et al., 2006; De Craen et al., 2011). This finding aligns with the 

extant literature, which frequently associates male drivers with an overestimation of their 

abilities and an elevated overconfidence (Mynttinen et al., 2009; Wohleber et al., 2016). As 

driving duration and confidence in performing the task increase, this tendency can potentially 

result in an increased probability of engaging in risky driving behaviors (e.g. Fuller et al., 2008). 

A particularly salient finding was the Time × Group × Gender interaction. The post-hoc 

data suggest that females with high susceptibility demonstrated a progressive increase in speed 

until the first temporal block, after which the rate of change in speed stabilized until the 

conclusion of the task.  In contrast, females with low susceptibility exhibited the opposite 

pattern, demonstrating stable speed over time. This phenomenon could be interpreted as a 

compensatory strategy adopted to address a perceived attention deficit (

), or it may be associated with higher levels of self-regulation (Wandtner et al., 2016). In 

order to males, the driving behavior shown by male drivers with a low susceptibility can be 

interpreted as a process of risk adaptation and calibration. The initial increase in speed is in 

accordance with literature on adapting to a new environment, such as a simulated driving 

environment (Reed & Green, 1999). In this phase, the driver becomes familiar with the vehicle 

dynamics and the virtual environment, increasing his confidence (e.g. Sportillo et al. 2018). 

Subsequent speed stabilization suggests that these participants rapidly attain a perceived 

optimal level of performance, balancing speed with maintaining safety. This behavior is 



suggestive of an effective self-regulation process, in which the driver adapts his behavior to the 

minimum demands of the task and then maintains that level of performance, avoiding the taking 

of unnecessary risks, once a "set-point" of comfort and safety has been attained (Ang et al., 

2019).

An analysis of variance was conducted, which revealed a statistically significant main 

effect of the Time factor on SDLP. This result suggests that the variability in maintaining the 

vehicle's position within the lane has changed significantly as the driving task has advanced. 

This finding aligns with a well-established phenomenon in literature, known as the time on task 

effect and the relative decrease in vigilance (Zanesco et al., 2024; Zeller, 2022). The extant 

literature demonstrates a consistent pattern: over time, the ability to maintain an optimal level 

of attention decreases, resulting in increased driver fatigue. A body of research has 

demonstrated a correlation between fatigue and a temporary decline in executive functions, 

which are responsible for monitoring and adapting behavior. In different cases, executive 

control is compromised, resulting in deficits in task execution (e.g., Zhang & Kumada, 2017). 

On the other hand, the increase in SDLP can be interpreted as an indication of skill development 

and task automation in a stable and predictable environment (Saffarian et al., 2012). Drivers 

adopt a less demanding approach after becoming aware that continuous control is not required 

to complete the task efficiently (Müller et al., 2021). In summary, the principal impact of time 

on SDLP can be attributed to two factors: a decline in attentiveness and a shift in control 

strategy. The adoption of automation for monotonous tasks and the reallocation of cognitive 

resources are indicative of these changes. As a consequence, the vehicle's position within the 

lane may become more variable. 



The steering angle analysis revealed a significant three-way interaction between Time, 

Gender, and Susceptibility Group. In this scenario, the trend can be interpreted as a behavioral 

manifestation of the decline in vigilance. The primary conclusion of this result is that this 

decline is not experienced equally by all drivers. In contrast to drivers with low susceptibility, 

who demonstrate more consistent performance over time, participants with a high susceptibility 

to distraction show a faster decline in their attention threshold. This finding suggests that their 

executive control systems are inherently less effective at mitigating external and internal 

interferences. The Attentive Resource Theory can explain this vulnerability (Kahneman, 1973). 

This model suggests that individuals' cognitive resources are limited. High-susceptibility 

drivers are defined as individuals who require a greater proportion of these resources to 

effectively mitigate distractions and maintain concentration (Broadbent et al., 2023; Zhu et al., 

2024). In comparison to low-susceptibility drivers, who possess the capacity to maintain their 

attention for extended periods, this sustained and active effort results in a more rapid depletion 

of resources in a monotonous task (Ma et al., 2018). This interpretation is supported by the 

extant literature on executive control. Research has demonstrated a correlation between 

variations in executive function efficiency, including working memory capacity, and individual 

differences in susceptibility to distraction (Kane & Engle, 2003). Individuals showing poorer 

executive control are not only more susceptible to distractions but also manifest a marked 

decline in performance on sustained attention tasks (e.g. Hawkins et al., 2021).

Another aim of this study was to directly measure the driver's thoughts, to confirm our 

theories regarding how perceptual load and susceptibility to distraction can affect conscious 

experience. The manifestation of TRTs is more frequently observed in circumstances 



characterized by high perceptual load, while TUTs are more frequently observed in low 

perceptual load scenarios. These results were confirmed in the probing online and post-task. 

These findings are consistent with previous research, particularly with Lavie and 

colleagues' (1994) perceptual load theory. This theory posits that the capacity for attentional 

processing is finite. A primary task that is perceptually demanding utilizes all the attentional 

resources that are available.  As a result, no resources remain to process irrelevant stimuli or to 

generate and maintain a flow of internal thoughts not pertinent to the task. The task, in this case, 

functions as a "hook" that facilitates sustained engagement with the external environment. Our 

findings are consistent with those of other studies that employed analogous manipulations. This 

includes the work of He et al. (2011), who utilized wind gusts as an attentional anchor, and 

Geden et al. (2018), who increased traffic complexity. Moreover, other research has shown that 

driving in high perceptual load scenarios is associated with an increase in TRTs and a decrease 

in MW (Burdett et al., 2019; Yanko & Spalek, 2014; Lemercier et al., 2014).

Additionally, this outcome is consistent with Resource-Control Theory (Smallwood & 

Schooler, 2015; Randall et al., 2014). This viewpoint suggests that MW occurs when executive 

control systems are inadequate in maintaining focus on the primary task's aims. This failure is 

characterized by its inability to sustain executive monitoring, which renders it more likely to 

manifest in contexts where the task is considered easy (Thomson et al., 2015). The internal 

cognitive processes of individuals can result in the allocation of executive resources, which are 

not subject to external constraints or limitations. On the other hand, a high-load task needs 

constant executive control activation, which actively works to suppress internal distractions and 

maintain driving focus (Gutteling et al., 2021). 



While the study offers positive findings, several limitations should be considered. One 

of these relates to the sample size, as there were only 34 participants; the other is related to the 

drivers' average age of 21 years. This limitation precludes the possibility of generalizing these 

findings to include groups of drivers with differing ages and backgrounds.  Secondly, the study 

utilized self-report measures to detect thought contents and classify participants into 

susceptibility groups. However, it must be recognized that these measures may be susceptible 

to limitations in terms of introspective accuracy or the presence of social desirability bias 

(Grimm, 2010). Furthermore, it is possible that the verbal and invasive nature of "online" 

thought probes influenced the participants' mental states at the time of detection. In order to 

create a more comprehensive and reliable theoretical framework for understanding the 

mechanisms underlying cognition in distracted driving, future research should integrate 

objective indicators of attentional status (e.g., eye-tracking and neurophysiological data) with 

self-report measures to replicate these findings on larger and more diverse samples.

The present study aimed to investigate the impact of distracted driving susceptibility and 

perceptual load on various behavioral patterns in a simulated driving task. To this end, a high-

fidelity driving simulator was employed to measure moment-by-moment changes in steering, 

speed, and response to hazards. Moreover, we probed the participants' thoughts both online 

(during the task) and offline to investigate the frequency of TRT and TUT during the 

experimental conditions. The most significant contribution of the work is its demonstration of 

the irregularity of these mental states' behavioral manifestation. The analysis identified complex 

three-way interactions, indicating that driving performance, particularly speed and steering 

control, derives from a multifaceted interaction between task demands, driving duration, and 

the driver's demographic characteristics, including gender and distraction susceptibility. To 



corroborate these hypotheses, it is recommended that this experimental paradigm be extended 

to road studies or the analysis of naturalistic driving data. Finally, the study's identification of 

distinct risk profiles facilitates the development of customized training programs and the design 

and validation of ADAS systems capable of adapting their warnings or interventions not only 

in response to road conditions but also to a driver's profile, which includes factors such as 

gender and distraction susceptibility.

Finally, this highlights the need to progress beyond unidimensional models of 

distraction, focusing research and interventions on a more tailored and multifaceted approach 

to identifying and mitigating potential risky driving behaviors. 



“REGULATING MY ANXIETY WORSENS THE SAFETY OF MY DRIVING”: THE 

& Caffò, A. O. (2024). “Regulating my anxiety worsens the safety of 

my driving”: The synergistic influence of spatial anxiety and Self

https://doi.org/10.1016/j.aap.2024.107768






driver’s self



∗

to: (a) hold a valid current driver’s license, provisional or above; (b) have normal or corrected 



—

—

—

—

—

—

—

— — — —



information about participant’s driving habits and years of license. After completing the 

not pose a threat to anyone’s safety (e.g., taking the wrong exit); and (c)

(Cronbach’s α violations = .78; Cronbach’s α errors = .80; Cronbach’s α lapses = .75; 

Cronbach’s α overall scale =.77). 



al., 2019) (Cronbach’s α EDE = .84; Cronbach’s IDE = .79; Cronbach’s α overall scale =.73).

psychometrics properties (De Beni et al., 2014) (Cronbach’s α = .80). 



average, younger than females (AGE: Welch’s t = Cohen’s d = 

driving violations compared to females (DBQ_VIOL= Welch’s t = 5.329; df= 820; p < 0.001; 

Cohen’s d= 0.368), corresponding to a moderate effect size. Ad

have committed more driving errors than females (DBQ_ERRORS = Welch’s t = 3.087; df= 

821; p= 0.002 Cohen’s d= 0.213), indicating a small effect size. Female participants exhibited 

Welch’s t = 5.144; df= 823; p < 0.001; Cohen’s d= 

= Welch’s t = p <0.001; Cohen’s d= 

effect size. We chose to adopt the Welch’s t test because the Levine’s test resulted significant 

age group (β = 0.099; p < 0.001), gender (β = 2.1425; p < 0.001), years of schooling (β = 

regulation (β = 

(β = 0.0176; p = 0.616). 



driving lapses and age group, (β = regulation (β = 0.0286; p = 

0.017) and SA (β = 0.161; p = < 0.001). No significant differences were found for t

of gender (β = oling (β = 0.077; p = 0.115). The third 

0.0520). Significant results were found for the effects of age group (β = 

gender (β = 0.892; p < 0.001) and SA (β = 0.069 p < 0.001). No significant differences were 

regulation (β = 0.0119; p = 0.207) and education (β = 

< .001
< .001
< .001

< .001
< .001

< .001

< .001



< .001

regulation. The direct effect (β=0.295; p = <0.001), indirect 

effect (β=0.0250; p= <0.05) and total effect (β=0.320; p= <0.001) were significant. In other 

model found significant direct (β= 0.170; p= <0.001), indirect (β=

(β=

of years of schooling (β= 0.018; p= 0.026) and gender (β=0.013; p= 0.031) on driving lapses 

were found. Moreover, significant direct (β= p= 0.022) and total effects (β=

0.013) of age and gender (β= 0.126; p= <0.001; β= 





regulation (Gwyther et al., 2012; D’Ambrosio et al., 2008). In general, women re















more less to 20, as defined by Kline (2023). For this reason, we didn’t employ SEM. Future 













tried to investigate the impact of DD susceptibility and perceptual load 

on different behavioral patterns in a simulated driving task, with the aim of operationalizing 

the two conscious experiences related to the stimulus-independence domain of Stawarczyk's 

model: task-related stimulus-independent thoughts (TRSI) and task-unrelated stimulus-

independent (TUSI) thoughts. To this end, a high-fidelity driving simulator was employed 

to measure moment-by-moment changes in steering, speed, and SDLP. Moreover, the 

participants' thoughts both online (during the task) and offline were probed to investigate 

the frequency of TRSI and TUSI during the experimental conditions. The novelty of this 

study lies in its exploration of the limitations of conventional analyses of the effects of 

distraction. It shows that driving performance is influenced by a multifaceted interaction 

between several factors, including individual factors such as gender and susceptibility to 

distraction, and contextual factors (perceptual load conditions). The study offers new 

insights by exploring how drivers with different distraction profiles adopt specific driving 

strategies in response to the same load conditions. Concurrently, it provides a substantial 

contribution to the field by offering a comprehensive analysis of the type of thought 

associated with different perceptual load conditions. Regarding practical implications, the 

study's identification of distinct risk profiles can facilitate the development of customized 

training programs and the design and validation of ADAS systems capable of adapting their 



warnings or interventions not only in response to road conditions but also to a driver's 

profile.

behaviors and whether this relationship is mediated by the driver’s self







Italian English Never 
(1)

Rarely 
(2)

Sometimes 
(3)

Often 
(4)

Almost 
always 

(5)

(TRSI_01)

1) I sometimes think about the 
condition of the vehicle while 
driving (e.g. tyre pressure, 
windscreen wiper functionality). 
(TRSI_01)

2) Mentre sono alla guida, mi 
chiedo se sono in regola con gli 
adempimenti legati alla 
circolazione (e.g. bollo, 
assicurazione, tagliando, 
revisione). 

2) While driving, I find myself 
wondering whether I’m up to date 
with the vehicle’s legal and 
maintenance requirements (e.g., 
vehicle tax, insurance, scheduled 
servicing, roadworthiness 
inspection) (TRSI_02)

3) Mentre sono alla guida, mi 
capita di riflettere sulle 
condizioni della strada. 

3) While driving, I reflect on the 
road condition (TRSI_03)

4) Mentre sono alla guida, penso 
al punto del tragitto in cui mi 
trovo 

4) While I am driving, I think about 
where I am on my route (TRSI_04)

5) Mentre sono alla guida, penso 
quanto il guidare possa essere 
pericoloso  

5) While I'm driving, I think about 
how dangerous driving can be 
(TRSI_05)

6) Mentre sono al volante, penso 
agli effetti della mia guida sui 
passeggeri 

6) While I am driving, I think about 
the effects of my driving on my 
passengers (TRSI_06)

7) Mentre sono alla guida, mi 
accorgo di guardare edifici o la 
natura circostante senza uno 
scopo preciso. 

7) While driving, I find myself 
looking at buildings or the 
surrounding nature without any 
particular purpose (TUSD_01)

8) Mentre sono alla guida, mi 
concentro sui veicoli accanto a 
me, soprattutto se mi piace la 
marca o il modello.  

8) While driving, I focus on the 
vehicles next to me, especially if I 
like the car model (TUSD_02). 



9) Mentre sono alla guida, 
osservo il paesaggio, le 
montagne o il mare. 

9) While driving, I often find 
myself looking at the landscape, the 
mountains, or the sea (TUSD_03)

10) Mentre sono alla guida, mi 
capita di essere attratto dallo 
scenario di un incidente e/o dei 
lavori stradali presenti. 
(TUSD_04)

10) While driving, I am often drawn 
to the scene of an accident and/or 
roadworks (TUSD_04)

11) Mi capita di utilizzare il 
telefono cellulare quando sono 
alla guida (TUSD_05)

11) I use my mobile phone while 
driving (TUSD_05)

12) Durante l'attività di guida mi 
capita di prestare attenzione ai 
cartelloni pubblicitari lungo la 
strada (TUSD_06)

12) While driving, I sometimes pay 
attention to the billboards along the 
road (TUSD_06)

13) Durante l'attività di guida mi 
capita di distrarmi dai discorsi 
degli altri passeggeri. 
(TUSD_07)

13) While driving, I sometimes get 
distracted by the conversations of 
other passengers (TUSD_07)

14) Mentre sono alla guida, mi 
distraggo guardando un negozio 
o un ristorante. (TUSD_08)

14) While driving, I get distracted 
by looking at a shop or restaurant 
(TUSD_08)

15) Mentre sono alla guida, 
pianifico una festa o un evento 
speciale. (TUSI_01)

15) While I'm driving, I plan a party 
or special event (TUSI_01)

16) Mentre sono alla guida, 
pianifico cosa fare nel fine 
settimana. (TUSI_02)

16) While I'm driving, I plan what 
to do at the weekend (TUSI_02)

17) Mentre sono alla guida, 
rifletto su eventi storici o fatti 
interessanti. (TUSI_03)

17) While driving, I reflect on 
historical events or interesting facts 
(TUSI_03)

18) Mentre sono alla guida di un 
veicolo inizio a sognare ad occhi 
aperti. (TUSI_04)

18) While driving a vehicle, I start 
daydreaming (TUSI_04)

19) Mentre sono alla guida, 
fantastico su cosa mangiare al 
mio ristorante preferito. 
(TUSI_05) 

19) While I'm driving, I wonder 
what to have for lunch/dinner 
(TUSI_05)



20) Mentre sono alla guida, mi 
capita di andare oltre il luogo che 
volevo raggiungere perché penso 
ad altro (es. andare oltre un certo 
negozio, superare la via che si 
voleva imboccare). (TUSI_06)

20) When I'm driving, I sometimes 
end up driving past my destination 
because I'm thinking about 
something else (e.g., passing a 
certain shop, or missing the turn 
onto the street I wanted to take) 
(TUSI_06)

21) Mi ritrovo a pensare a una 
vacanza o eventi futuri durante la 
guida (TUSI_07)

21) While driving, I think about a 
vacation or future events 
(TUSI_07) 
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