
Objective: The aim of this research was (a) to study 
driver inattention as a trait-like variable and (b) to provide 
new evidence of validity for the Attention-Related Driving 
Errors Scale (ARDES).

Background: Driving inattention is approached from 
an individual differences perspective. We are interested in 
how drivers vary in their propensity to experience failures of 
attention and in the methods to measure these differences.

Method: In a first sample (n = 301), we tested, via con-
firmatory factor analysis, a new theoretical model for the 
ARDES. In a second sample (n = 201), we evaluated the 
relationship between inattention and internal and external 
sources of distraction and social desirability bias in ARDES 
responses. A subsample (n = 65) was reevaluated to study 
temporal stability of the ARDES scores.

Results: Errors measured by the ARDES can be clas-
sified according to the driving task level at which they 
occur (navigation, maneuvering, or control). Differences in 
ARDES scores based on collision history were observed. 
ARDES was related to internal sources of distraction and 
was independent of the level of exposure to distracting 
activities. Test-retest showed a high degree of stability in 
ARDES scores. Low correlations were found with a social 
desirability measure.

Conclusion: ARDES appears to measure a personal 
trait that remains relatively stable over time and is rela-
tively independent of distracting activities. New evidence 
of validity emerged for this self-report.

Application: ARDES can be used to measure individ-
ual differences in driving inattention and to help tailor pre-
ventive interventions for inattentive drivers. It can serve as 
an instrument of driver self-assessment in educational and 
training contexts.

Keywords: road safety, driving, driver inattention, mea-
surement, social desirability, temporal stability, personality 
traits

IntroductIon
Driver inattention and distraction are the 

primary causes of motor vehicle collisions and 
incidents (Dingus et al., 2006; Klauer, Dingus, 
Neale, Sudweeks, & Ramsey, 2006); conse-
quently, these phenomena have received much 
attention in the specialized literature, although 
in a fragmented manner and in the absence of 
a unifying theoretical focus and definitions. 
Regan, Hallet, and Gordon (2011), following 
a detailed analysis of definitions and taxono-
mies, concluded that driving inattention means 
“insufficient, or no attention, to activities criti-
cal for safe driving” (p. 1780). The authors also 
propose driving inattention subtypes; one such 
subtype is “distractions” (driver diverted atten-
tion, according to their taxonomy), in which 
inattention is due to the presence of another 
activity that competes for the driver’s attention 
(e.g., speaking on a cell phone).

Generally, research on driving inattention has 
focused mainly on distractions and, in particular, 
on the effect of certain activities or sources of 
distraction, such as communication and driver-
assistance technologies (Martens & Brouwer, 
2013). Other aspects of the problem have 
received less attention. For example, the per-
sonal factors that may moderate driving inatten-
tion or predispose one to it have gone relatively 
unstudied. These factors include personality and 
cognitive variables that may be associated with 
greater inattention (e.g., boredom proneness), 
“internal” sources of distraction (e.g., daydream-
ing), and the individual’s manner of managing 
distractions (e.g., choosing when to engage in 
distracting tasks and implementing mechanisms 
to compensate for the effect of distractions). 
Ledesma, Montes, Poó, and López-Ramón 
(2010) emphasized the need to study some of the 
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factors related to these phenomena and devel-
oped the Attention-Related Driving Errors Scale 
(ARDES), a self-reporting instrument that eval-
uates individual differences in the frequency 
with which errors related to a lack of attention 
while driving are experienced. It is believed that 
a measure of this kind could help further research 
on the personal factors linked to driving inatten-
tion as well as the interaction of those factors 
with other factors (environmental, situational, 
etc.). It could also serve as an interesting com-
plement in experimental studies on distraction 
(e.g., research on the distraction potential of in-
vehicle devices). In such instances, the ARDES 
could be included as a covariate to control for 
individual differences and to increase the statis-
tical power of the study’s design.

Individual differences in driving 
Inattention: theoretical Basis of the 
ArdES

In a previous work (Ledesma et al., 2010), 
we focused on driver inattention from the per-
spective of individual differences, as a trait-like 
variable (alluding to the concept of personality 
trait). We were interested, therefore, in driving 
inattention as a tendency or personal propensity 
of drivers to experience attentional lapses. It is 
assumed that this tendency can vary from driver 
to driver, is relatively stable in any one driver, 
and operates with relative independence from 
environmental and situational factors. Below, 
we define in greater detail how driving inatten-
tion is understood from this perspective.

As authors of the ARDES, we started with the 
assumption that attentional errors while driving 
are present in all human operators due to a variety 
of personal and environmental factors or a combi-
nation of them. However, we suggested that there 
exist interindividual differences in terms of the 
frequency with which these failures are experi-
enced. In other words, although all drivers have 
attention-related errors at some point, some are 
more inclined to experience them than others. As a 
trait-like variable, we assume that this disposition 
tends to be consistent and stable for any single 
individual. In the case of the ARDES, although its 
items evaluate the presence of errors in very 
diverse situations, the evidence suggests there is a 
common underlying factor in all items (indicators) 

and a high degree of internal consistency in the 
scores (Ledesma et al., 2010; Roca, Padilla, López-
Ramón, & Castro, 2013). This evidence allows us 
to suppose that the ARDES does in fact evaluate 
an individual characteristic of a driver that is con-
sistent across situations and contexts.

Obviously, the frequency with which atten-
tional errors while driving are experienced could 
be explained by the level of personal exposure to 
activities or potentially distracting sources, 
whether external or internal. We are inclined to 
believe that ARDES scores are mainly related to 
a driver’s personal and internal factors, which 
configure a more or less “inattentive” style of 
driving. Additionally, we believe that greater or 
lesser exposure to potentially distracting “exter-
nal” activities (e.g., frequency of cell phone use) 
is not necessarily associated with ARDES 
scores. Prior results indicated that the ARDES is 
strongly associated with measures of attentional 
functioning, including measures of attention-
related errors in everyday life (Cheyne, Carriere, 
& Smilek, 2006), present event awareness and 
attention (Brown & Ryan, 2003), and dissocia-
tive personality traits (Bernstein & Putnam, 
1986). Further, in a study that combined the 
evaluation of performance using the Attention 
Network Test for Interactions experimental par-
adigm and the ARDES, it was found that drivers 
with higher ARDES scores had less processing 
speed and less preparation to attend to high-pri-
ority signals (López-Ramón, Castro, Roca, 
Ledesma, & Lupiañez, 2011). To sum up, it 
seems evident that there exist individual vari-
ables of personality and cognitive functioning 
that play an important role in driving inattention, 
at least as evaluated by the ARDES.

Another underlying assumption of the ARDES 
is that the personal tendency to experience atten-
tional errors can manifest itself at all levels of 
the driving task, from the most automatized to 
those that require greater attentional control. 
One type of error is found at the operational or 
control level (Michon, 1985), the lowest-level 
driving task, which involves the execution of 
basic actions, such as steering, braking, and han-
dling other automobile controls. Examples of 
ARDES items in this group include “I signal a 
move but unintentionally make another” and “I 
unintentionally shift gears incorrectly or shift to 
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the wrong gear.” They basically imply coordi-
nation between perception and motor actions 
and show basic errors in skill-based behavior 
(Rasmussen, 1986) that form part of the auto-
matic and effortless routine of operating a 
vehicle.

Additionally, a propensity toward driving 
inattention can manifest itself in performance 
errors at the tactical or maneuvering level 
(Michon, 1985). Examples of ARDES items at 
this level include “At a street corner, I fail to 
realize that a pedestrian is crossing the street” 
and “I fail to realize that the vehicle right in front 
of me has slowed down, and I have to brake 
abruptly to avoid a crash.” This level is more 
environmental/data driven, implies controlled 
processing, and includes driving behaviors such 
as changing lanes and crossing an intersection. 
They generally involve rule-based behaviors 
(Rasmussen, 1986), which imply the automatic 
activation of rules or response patterns in traffic 
situations. Obviously, errors at this level can 
have more drastic consequences on safe driving 
performance and increase the probability of 
motor vehicle collisions.

Last, a tendency toward driving inattention 
may be manifested by errors at the strategic or 
navigation level, which is the top-level driving 
task and deals with processes such as route plan-
ning and maintenance (Michon, 1985). An 
example of an ARDES item at this level is 
“When driving somewhere, I make more turns 
that I have to.” Except when driving along a rou-
tine trajectory, these tasks imply problem solv-
ing (e.g., trip planning and achievement of 
goals), controlled processing, and knowledge-
based behaviors (Rasmussen, 1986).

Another important assumption in the construc-
tion of ARDES is that individual differences in 
driving inattention can be measured reliably with 
a self-reporting instrument. This is an important 
methodological assumption that is, to some extent, 
open to debate. On the one hand, various authors 
point to the advantages of self-reporting methods 
in traffic research, including their low cost and 
ability to evaluate driving behaviors, that are dif-
ficult to study with other methods (e.g., Lajunen & 
Summala, 2003). Others, conversely, warn about 
the limitations and possible validity issues of self-
reporting instruments (e.g., af Wahlberg, 2010). 

One arguable factor is the degree of convergence 
between self-reporting and other “objective” 
sources of information, such as motor vehicle col-
lision data (Arthur et al., 2001; Boufous et al., 
2010; Marottoli, Cooney, & Tinetti, 1997; McG-
win, Owsley, & Ball, 1998). Given that the valid-
ity of self-reporting is a controversial issue, it is 
important to carefully study its properties and 
compile evidence of validity through various 
means. In terms of the ARDES, some evidence is 
available of its convergent validity with objective 
methods of attentional performance (López-
Ramón et al., 2011), and there are also studies that 
replicate the questionnaire’s psychometric proper-
ties in other cultures (Roca et al., 2013).

Justification, objectives, and 
Hypothesis

Although evidence of validity for ARDES 
has been reported, it remains a novel instru-
ment and further research to assess its psycho-
metric qualities is needed. One area for further 
study is its internal structure. ARDES measures 
driver inattention as a one-dimensional construct 
by assuming that all items are indicators of a 
single factor. This one-dimensional assumption 
was supported by an exploratory factor analysis 
(EFA) that revealed a factor structure consist-
ing of a single dimension. Measurement models 
derived from an EFA, however, are descrip-
tive in nature. Therefore, alternative statistical 
analyses are needed to confirm these results. The 
first objective of this study was to compare the 
original one-dimensional model with an alterna-
tive measurement model. In the new alterna-
tive model, ARDES items are grouped in three 
dimensions according to the level of the driving 
task in which they occur: navigation, maneuver-
ing, and control (Michon, 1985). Thus, the new 
measurement model supposes three latent and 
interrelated variables that explain responses to 
ARDES items. As part of this first aim, we also 
analyze the relationship between the three factors 
and the drivers’ self-reporting of motor vehicle 
collisions and traffic tickets for traffic violations. 
We hypothesized that subjects who report traffic 
collisions and tickets will score higher on the 
three ARDES factors. We also predict higher 
effect sizes for the maneuvering factor because it 
involves errors with more catastrophic immediate 
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consequences (e.g., failure to see a pedestrian or 
to notice a vehicle braking ahead).

Another important aspect that was not ana-
lyzed in the original ARDES validation study is 
ARDES’s degree of independence from external 
sources of inattention. No ARDES study con-
ducted thus far has tracked an important vari-
able: the subjects’ varying levels of exposure to 
distracting activities while driving. Clearly, a 
high score could be the result of a driver’s 
engagement in or exposure to a number of dis-
tractor activities rather than a personal prone-
ness to commit errors. Therefore, a second 
objective of this study was to determine if the 
errors assessed by ARDES could be the result of 
exposure to distracting activities rather than a 
personal disposition, as originally hypothesized. 
To determine this, we administered the Dissocia-
tive Experiences Scale–Modified Version (DES-
M; Montes, Ledesma, & Poó, 2011) to measure 
internal sources of inattention (e.g., psychological 
abstraction) and an ad hoc index of distracting 
activities (IDA) to measure external sources of 
distractions (e.g., speaking on a cell phone or 
eating while driving). The phenomena evaluated 
with the DES-M indicated a personal disposition 
to experience internally motivated distracting 
psychological processes. This is a widely used 
measure with significant evidence of validity 
(see, for example, Carlson & Putnam, 1993). We 
expected that ARDES scores would be better 
predicted by DES-M scores rather than IDA 
scores.

Another unknown aspect of ARDES that is 
fundamental to its validity is its temporal stabil-
ity. Assuming that ARDES provides a relatively 
consistent measure of personal propensity, it is 
reasonable to expect scores to remain stable over 
time. Thus, the third objective of this study was 
to analyze the test-retest correlation following a 
6-month period. Our hypothesis was that there 
would be a strong positive correlation and an 
absence of significant differences between mean 
scores across time.

Last, as a self-reporting instrument, the ARDES 
is vulnerable to different response styles and 
biases, such as social desirability. Previous stud-
ies do not address this possibility. Thus, the 
fourth objective of this study was to assess 
ARDES responses for the possible effects of 

social desirability bias. Following the example 
of Lajunen, Corry, Summala, and Hartley 
(1997), we evaluated the two basic dimensions 
of social desirability in drivers: impression man-
agement (IM) and self-deception (SD). According 
to Lajunen and Summala (2003), “Impression 
Management refers to the deliberate tendency to 
give favourable self-descriptions to others and 
therefore comes close to lying and falsification. 
Self-deception can be defined as a positively 
biased but subjectively honest self-description” 
(p. 98). In psychometric terms, the key is to 
check for IM, which constitutes deliberate bias 
(Lajunen & Summala, 2003). On the basis of 
previous research (Poó, Ledesma, & Montes, 
2010), we expected a low to moderate correla-
tion with SD and a low to no correlation with 
IM.

MEtHod
Participants

Sample 1. First, we reanalyzed data from the 
original ARDES validation study (Ledesma  
et al., 2010). The sample consists of 301 drivers 
drawn from the general population of the city of 
Mar del Plata, Argentina. Participants completed 
the survey using paper and pencil. The follow-
ing inclusion criteria were used: (a) must be at 
least 18 years of age, (b) must have a valid driv-
er’s license, and (c) must have reported driving 
at least once a week during the past 3 months. 
The age of the subjects ranged from 18 to 79  
(M = 38, SD = 13.6); 39% were in the 18-to-30 
age group, 46% were in the 31-to-55 age group, 
and 15% were above 55 years of age. Women 
accounted for 48.8% of the sample. Most par-
ticipants drove regularly (70.6% almost every 
day; 20.4% some days of the week). On average, 
prior driving experience amounted to 18 years 
(SD = 13.5). Most participants (86%) had at 
least completed high school. No financial com-
pensation was offered for taking part in the 
study. This sample was used to specify and test 
the new measurement model and to analyze the 
relationships with self-reported car crashes (first 
research objective).

Sample 2. In a second moment, we validated 
the three-factor model with an independent rep-
lication sample that consists of 201 drivers, all 
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residents of the city of Mar del Plata, Argentina. 
This new sample also provided the data for the 
remaining research objectives. Participants were 
recruited to participate via e-mail. A series of 
personal invitations were sent, followed by a 
snowball sampling strategy whereby e-mail 
recipients suggested other potential participants. 
Participants were invited to complete the 
ARDES instrument through a website in which 
they were briefly informed of the type of research 
that was being conducted and the specific pur-
pose of the collected data. The response format 
was the same as that of the paper-and-pencil ver-
sion of the instrument. The age of the drivers 
ranged from 19 to 64 (M = 38, SD = 12). Women 
accounted for 52.8% of the sample. Most par-
ticipants drove regularly (68.8% almost every-
day), and prior driving experience amounted to 
14 years (SD = 11). Most participants (91%) had 
at least completed high school. No financial 
compensation was offered for taking part in the 
study.

A subsample of n = 65 extracted from the rep-
lication sample was used to analyze the stability 
of the scores across time. Age range was 20 to 
62 years of age (M = 34.12, SD = 10.57). The 
sample had slightly more females (55%) than 
males. Most participants drove almost daily 
(72%). Most participants (97%) had an educa-
tion level of at least high school.

Measures
ARDES. This self-reporting instrument is 

composed of 19 items that relate to driving 
errors caused entirely or in part by attentional 
failures (see Table 1). Drivers are asked to read 
each item and indicate the frequency with which 
they experience the described situation by using 
a 5-point scale, ranging from 1 (never or almost 
never) to 5 (always or almost always). Subscale 
scores were calculated by adding up the 
responses and dividing by the number of items. 
The ARDES has both similarities and difference 
with other existing measures, such as the Lapses 
scale of the Driving Behaviour Questionnaire 
(Reason, Manstead, Stradling, Baxter, & Camp-
bell, 1990) and the Dissociative Driving Style 
scale of the Multidimensional Driving Style 
Inventory (Taubman–Ben-Ari, Mikulincer, & 
Gillath, 2004). The ARDES shares the content 

of some items with these instruments but differ-
entiates itself by emphasizing the nonintentional 
character of the errors and their attentional 
nature. For a more exhaustive comparison, see 
Ledesma et al. (2010). The original study pro-
vided evidence of reliability and validity for 
ARDES scores. Results from the validation 
study indicated high internal consistency (Cron-
bach’s alpha = .88), high item-discrimination 
measures (between .33 and .62), and strong cor-
relation with validation scales (e.g., r = .73 with 
a measure of attentional failures in daily life; 
Cheyne et al., 2006). ARDES was also capable 
of discriminating between drivers who reported 
having been involved in motor vehicle collisions 
and participants who reported not having ever 
been in one. In like manner, it can also identify 
drivers who received a traffic ticket for the spe-
cific traffic violations that were analyzed.

DES-M. This scale is a brief version of the 
original DES (Bernstein & Putnam, 1986), com-
posed of 18 items (Montes et al., 2011). DES 
measures dissociation as a dimensional con-
struct that involves experiences ranging from 
nonpathological manifestations, such as absorp-
tion and daydreaming, to more pathological 
ones, such as identity disorder symptoms. Items 
are answered on a 5-point scale, from never or 
almost never (1) to always or almost always (5). 
The scale is composed of three dimensions:  
(a) absorption and imaginative involvement 
(Cronbach’s alpha in this sample = .71), (b) dis-
sociative amnesia and fugues (Cronbach’s alpha = 
.72), and (c) depersonalization and derealization 
experiences (Cronbach’s alpha = .62).

IDA. Exposure to distractors was measured 
by a self-reporting of the distracting activities 
drivers engaged in over the previous 2 weeks. 
The IDA was specifically developed for this 
study because, as far as we were aware, a similar 
measure did not exist. Fourteen distracting 
activities were assessed (e.g., speaking on a cell 
phone while driving, reading or texting mes-
sages, eating, chatting with a passenger, etc.). To 
simplify analysis, our IDA consisted of the tally 
of activities reported (Cronbach’s alpha = .76).

Driver Social Desirability Scale (DSDS). The 
DSDS includes 12 items that evaluate a driver’s 
tendency to provide positively biased descrip-
tions of one’s own conduct (Lajunen et al., 1997; 
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Argentine version, Poó et al., 2010). The DSDS 
is composed of two subscales: Driving Impres-
sion Management (Cronbach’s alpha in this 
study = .80) and Driver Self-Deception (Cron-
bach’s alpha in this study = .78). Responses are 
given on a 7-point scale ranging from 1 (not at 
all true) to 7 (completely true).

Driving variables. A structured questionnaire 
was used to measure driving variables, including 
number of years driving, driving frequency, and 
motor vehicle collisions and traffic tickets for 
traffic violations over the past 2 years.

Procedure
A series of confirmatory factor analysis (CFA) 

models were tested using AMOS 16. Given 
the ordinal nature of the data, the asymp-
totically distribution-free estimation procedure 
(Browne, 1984) was selected as our first choice. 
However, frequent estimation problems were 
encountered, which led us to switch to the maxi-
mum likelihood procedure. As is usual in CFA, 

we evaluated parameter estimates in relation to 
model predictions and assessed the goodness of 
fit for each model. The following fit indices were 
reported: (a) for absolute fit, root mean square 
error of approximation (RMSEA), goodness-of-
fit index (GFI), adjusted GFI (AGFI), Tucker-
Lewis index (TLI), the comparative fit index 
(CFI), and the chi-square test statistic; (b) for 
comparative fit, incremental fit index (IFI), TLI, 
and CFI; and (c) for parsimonious fit, parsimony 
normed fit index (PNFI) and parsimony normed 
CFI (PCFI). We also used modification indices to 
guide model revision.

Using Sample 1, we specified and tested the 
following models. Model 1 is the one-factor, 
one-dimensional model. Model 2 is a first-order 
oblique model in which three factors (i.e., 
maneuvering, navigation, and control) are speci-
fied as intercorrelated. Strictly for comparison’s 
sake, we also specified and evaluated several 
bidimensional models. Models 3, 4, and 5 are 
two-factor, first-order oblique models. Each one 

TAbLE 1: List of Items Forming the Attention-Related Driving Errors Scale

 1. When heading to a known destination, I become distracted and drive a few blocks past it.
 2.  I signal a move but unintentionally make another (e.g., I turn on the right-turn blinker but turn left 

instead).
 3.  At an intersection, I fail to pay attention and don’t see a car coming the other way.
 4.  Suddenly, I realize I’ve made a mistake or lost my way to a known destination.
 5.  At an intersection, instead of looking in the direction of oncoming traffic, I look in the opposite 

direction.
 6.  At a street corner, I fail to realize that a pedestrian is crossing the street.
 7. I don’t notice an object or a car behind me, and I unintentionally crash into it.
 8.  I fail to realize that the vehicle right in front of me has slowed down, and I have to brake abruptly 

to avoid a crash.
 9.  Another driver honks at me because I failed to realize that the traffic light has turned green.
10.  I forget that my headlights are on high bean until another motorist flashes his lights at me.
11.  For a brief instant, I forget where I’m driving to.
12. When driving somewhere, I make more turns that I have to.
13. Following the car in front of me, I drive through a traffic light that has just turned red.
14. I try to move forward, but then realize I haven’t put the car in gear.
15.  I attempt to turn on one of the automobile’s devices, but turn on another instead (for example, 

attempting to turn on the windshield wipers, I turn on the lights instead).
16. I head out to a destination and suddenly realize I’m going the wrong way.
17. I realize that I failed to see a traffic light simply because I was not paying attention.
18. I unintentionally make a wrong turn or drive the wrong way down a one-way street.
19. I unintentionally shift gears incorrectly or shift to the wrong gear.
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of these models represents a different combina-
tion of the three primary factors: Model 3 com-
bines navigation and control in the same factor, 
Model 4 combines the maneuvering and naviga-
tion factors, and Model 5 unites maneuvering 
and control. Last, based on Model 2, we esti-
mated Model 6, a second-order model with three 
lower-order factors (maneuvering, navigation, 
and control) and one higher-order factor (driver 
inattention).

Additionally, the following analyses were 
undertaken: multiple logistic regression to ana-
lyze the relationship between ARDES factors 
and the presence/absence of traffic collisions 
and tickets (Sample 1), multiple regression anal-
ysis to estimate the effects of the DES and IDA 
(predictor variables) on ARDES scores (Sample 
2), correlation analysis and difference-of-means 
testing to evaluate ARDES stability over time 
(Subsample 2), and correlation analysis between 
the ARDES and DSDS to detect the possible 
effects of social desirability (Sample 2).

rESultS
cFA

A first CFA suggested the elimination of Item 
Number 18 due to a low factor loading (i.e.,  
< .20) in all the tested models. Also, the modi-
fication indices suggested adding error covari-
ance between Items 1 and 4 as well as between 
Items 3 and 5. This can be attributed to the 
similarity in wording and content of the items. 
After introducing these minor changes, all mod-
els tended to show better fit indices.

Table 2 shows the fit indices for the one-, 
two-, and three-factor models. As can be seen, 
the three-factor models have the best GFIs when 
compared to the other models, particularly to 
the original one-factor model. In addition, the 
three-factor model also revealed good item fac-
tor loadings (standard regression weights) that 
were all significant (p < .001). As can be seen in 
Figure 1, the three factors are strongly interre-
lated, which leads to the assumption that a sec-
ond-order underlying factor exists. We call this 
second-order factor “driver inattention” (see 
Figure 2).

The results from Models 1 and 2, which are 
those that have theoretical interest in this study, 
were validated with the second sample. Again, 

the three-factor solution showed good model fit 
in this replication sample (see Table 3).

Given the good fit of Models 2 and 6, we 
computed composite scores for each one of the 
three factors. The Cronbach’s alpha for the 
resulting subscales were as follows: (a) Naviga-
tion = .74, (b) Maneuvering = .75, and (c) Con-
trol = .68. All of these values are above or close 
to the acceptable values for research purposes.

ArdES and Self-reported Motor 
Vehicle collisions and tickets

Table 4 presents results from the multiple 
logistic regression models, assessing the asso-
ciation between the ARDES scores and different 
types of self-reported motor vehicle collisions 
and traffic tickets. Overall, attention-related 
errors at the maneuvering level tend to be asso-
ciated with motor vehicle collisions and traffic 
tickets, whereas no significant associations were 
observed with the other two factors (navigation 
and control).

ArdES, dissociative Experiences, and 
distracting Activities

As shown in Table 5, ARDES total correlated 
positively and moderately with the DES-M total 
(r = .50, p < .01) and weakly with the IDA (r = 
.16, p < .05). The correlation between DES-M 
and IDA was also weak (r = .18, p < .01). 
A multiple regression analysis suggested that 
ARDES scores are significantly associated with 
DES-M (standardized beta = .49, t = 7.899, p < 
.01) but not with IDA (standardized beta = –.07, 
t = –1.198, p > .05).

ARDES subscales moderately correlated 
with the DES-M (Navigation, r = .38, p < .01; 
Maneuvering, r = .47, p < .01; Control, r = .35, 
p < .01) and weakly with the IDA (Navigation,  
r = .18, p < .05; Maneuvering, r = .20, p < .01; 
Control, r = –.09, p > .05). Correlations between 
the ARDES and the DES-M subscales were sim-
ilar to those of the DES-M overall.

temporal Stability of ArdES Scores
Table 6 shows the test-retest means for the 

ARDES scores. There was a significant but small 
observable difference in the overall means, t(64) 
= –2,946, p = .004, d = –0.24. At the subscale 
level, there was a significant difference in means 
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for Maneuvering, t(64) = –2,419, p = .018, but 
not for Navigation, t(64) = –1,952, p = .055, and 
Control, t(64) = –1,665, p = .101. Further, a posi-
tive significant correlation was found between the 
scores generated by the first and second adminis-
tration of the ARDES (r = .79, p < .01). Correla-
tions were also positive and high for the subscale 
scores generated at the different moments in time 
(Navigation, r = .74, p < .01; Maneuvering, r = 
.73, p < .01; Control, r = .71, p < .01).

ArdES and Social desirability
The ARDES and its subscales had a low 

negative correlation with the IM subscale and 
a moderate negative correlation with the SD 

subscale (see Table 7). These results suggest a 
low IM effect, which is the dimension that can 
most affect self-reported results (Lajunen & 
Summala, 2003).

dIScuSSIon
The results suggest that driver inattention 

as measured by the ARDES reflects a personal 
variable that tends to be relatively consistent and 
stable over time. This consistency is reflected in 
stable scores for the same individual over time 
(test-retest at a 6-month interval). This finding is 
in line with the idea that ARDES is measuring 
individual differences in a trait-like variable, 
which manifests itself as a greater or lesser  

.60 Item 1 .64
.22

.69 Item 4 .52

Naviga�on Factor .71 Item 11 .50

.56 Item 12 .69

.57 Item 16 .67

.60 .50 Item 3 .75
.23

.35        Item 5 .88

.53 Item 6 .71

.59 Maneuvering Factor .53 Item 7 .72
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.43 Item 9 .81

.90 .54 Item 13 .71

.73 Item 17 .47

.63 Item 2 .60

.57 Item 10 .67

Control Factor .46 Item 14 .79

.53 Item 15 .72

.53 Item 19 .72

Figure 1. Standardized solution for the first-order confirmatory factor model. 
Correlation among factors and standard regression weights were all statistically 
significant, p < .001.
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.60 Item 1 .64
.22

.69 Item 4 .52

Naviga�on Factor .71 Item 11 .50

.56 Item 12 .69

.62 .57 Item 16 .67

.50 Item 3 .75
.23

.35        Item 5 .88

.53 Item 6 .71

Driver Ina�en�on Maneuvering Factor .53 Item 7 .72

.95 .66 Item 8 .56

.43 Item 9 .81

.54 Item 13 .71

.73 Item 17 .47

.94 .63 Item 2 .60

.57 Item 10 .67

Control Factor .46 Item 14 .79

.53 Item 15 .72

.53 Item 19 .72

Figure 2. Standardized solution for the second-order confirmatory factor model. Estimated 
coefficients were all significant, (p < .001).

TAbLE 3: Fit Indices for the Original One-Dimensional Model and the Novel Three-Factor Model in the 
Replication Sample

Absolute Fit Comparative Fit Parsimonious Fit

Model χ2 df p
CMIN/

DF RMSEA GFI AGFI IFI TLI CFI PNFI PCFI

1.  One-factor 
model

290.40 133 >.01 2.18 .08 .86 .82 .78 .73 .77 .57 .67

2.  Three-factor 
oblique: (a) 
navigation, (b) 
maneuvering, 
(c) control

231.22 130 >.01 1.78 .06 .88 .85 .86 .83 .85 .61 .72

Note. RMSEA = root mean square error of approximation; GFI = goodness-of-fit index; AGFI = adjusted GFI; IFI = 
incremental fit index; TLI = Tucker-Lewis index; CFI = comparative fit index; PNFI = parsimony-adjustment normed 
fit index; PCFI = parsimony-adjustment CFI.

 at GEORGIAN COURT UNIV on March 3, 2015hfs.sagepub.comDownloaded from 

http://hfs.sagepub.com/


Measuring Driver inattention 203

tendency to experience attentional failures while 
driving (Ledesma et al., 2010). As indicated by 
Lee (2009), attention-related failures do not 
appear to occur randomly but, rather, reflect 
“enduring behavior patterns.” What is even 
more interesting is that this tendency is related 
to personal characteristics and internal sources 
of distraction and not as much to involvement in 
secondary activities (e.g., level of engagement 
in activities like speaking on the telephone). 
In fact, our results indicate a weak relationship 
between the frequency of attentional errors and 
involvement in distracting activities.

A possible explanation for the findings is that 
drivers with greater “inattention” proneness may 
be aware to some extent of their attentional limi-
tations and consequently control the degree to 
which they expose themselves to distractors as a 

means of mitigating the effects of inattention. On 
the other hand, they seem incapable of adequately 
“managing” the internal sources of distraction 
(e.g., intrusive or task unrelated thoughts), possi-
bly because they are associated with psychologi-
cal characteristics that are more stable and difficult 
to control (Smallwood, Baracaia, Lowe, & Obon-
sawin, 2003; McVay, Kane, & Kwapil, 2009). 
Another contributing factor is the fact that “inter-
nal” distractions are beyond the reach of enforce-
ment actions and that, unlike with other sources of 
distraction, such as cell phone use, there is not 
much public awareness as to their effects (National 
Highway Traffic Safety Administration, 2010; 
Vermette, 2010).

With respect to the internal structure of the 
ARDES, the CFA suggests that items can be 
empirically grouped according to the task level 

TAbLE 4: ARDES Scores and Self-Reported Traffic Collisions and Tickets

Independent Variables
Exp(B) [95% CI], p

Dependent Variable ARDES Control ARDES Maneuvering ARDES Navigation

Traffic collision: 
Involvement in 
any type of traffic 
collision

0.62 [0.32, 1.19], p = .15 2.65 [1.19, 5.94], p = .02 1.51 [0.93, 2.44], p = .09

Minor material 
damages: 
Involvement in 
traffic collision with 
only minor material 
damages

0.66 [0.33, 1.28], p = .22 2.35 [1.04, 5.34], p = .04 1.54 [0.95, 2.5], p = .08

Major material 
damages: 
Involvement in traffic 
collision with total 
or partial vehicle 
destruction

1.97 [0.42, 9.33], p = .39 0.84 [0.10, 7.0], p = .87 1.23 [0.36, 4.25], p = .74

Traffic injuries: 
Involvement in traffic 
collision resulting in 
injuries

0.70 [0.23, 2.12], p = .52 3.40 [0.90, 12.95], p = .07 1.18 [0.56, 2.51], p = .66

Traffic ticket: Traffic 
tickets for traffic 
violations

0.85 [0.37, 1.92], p = .69 5.56 [2.04, 15.21], p < .001 0.58 [0.30, 1.14], p = .12

Note. Significant effects shown in bold. ARDES = Attention-Related Driving Errors Scale; CI = confidence interval.
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at which the errors occur (i.e., maneuvering, 
navigation, and control; Michon, 1985). This 
differentiation is useful in that each factor seems 
to relate differently to driver safety. In fact, only 
the Maneuvering subscale is consistently associ-
ated with involvement in traffic collisions and 
the incurring of traffic tickets. Nonetheless, it is 
also true that these three factors share a strong 
common basis, having already been found to be 
strongly related among each other and having 
similar correlation profiles with respect to other 

variables that have been studied. This finding 
suggests the plausibility of a second-order factor 
that measures overall inattention while driving.

In short, the three-factor structure seems ade-
quate and contributes relevant information in 
terms of road safety. However, in light of the 
results, a single total score could also be valid 
and, in some cases, more convenient. For exam-
ple, in studies on the distraction potential of in-
vehicle devices, ARDES could be included as a 
simple measure to control individual differences 

TAbLE 5: Correlations Between ARDES Scores, DES-M, and IDA

ARDES
ARDES 

Navigation

ARDES 
Maneuver-

ing
ARDES 
Control DES-M

DES-M  
Absorption

DES-M 
Amnesia

DES-M 
Deperson-
alization

ARDES Navigation .79**  
ARDES 

Maneuvering
.87** .49**  

ARDES Control .74** .41** .54**  
DES-M .50** .38** .47** .35**  
DES-M Absorption .44** .32** .39** .33** .84**  
DES-M Amnesia .48** .38** .43** .31** .87** .55**  
DES-M 

Depersonalization
.31** .22** .25** .24** .75** .52** .53**  

IDA .16* .18* .20** -.09 .17* .11* .24** .03

Note. ARDES = Attention-Related Driving Errors Scale; DES-M = Dissociative Experiences Scale–Modified Version 
(total score); IDA = Index of Distracting Activities.
*p < .05 (unilateral). **p < .01 (unilateral).

TAbLE 6: Test-Retest Means for the ARDES Scores

ARDES Total Navigation Maneuvering Control

 M SD M SD M SD M SD

Test 1.49 .32 1.60 .51 1.52 .36 1.34 .35
Retest 1.60 .31 1.72 .56 1.65 .35 1.40 .35

Note. ARDES = Attention-Related Driving Errors Scale.

TAbLE 7: Correlations Between ARDES Scores and the DSDS

Scale
ARDES  

Total Score
ARDES  

Navigation
ARDES  

Maneuvering
ARDES  
Control

DSDS Impression Management –.19** –.15* –.28** .02
DSDS Driver Self-Deception –.40**  –.29** –.38** –.33**

Note. ARDES = Attention-Related Driving Errors Scale; DSDS = Driver Social Desirability Scale.
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and increase the statistical power of research. In 
this case, a global score would be sufficient and 
would also offer a more reliable measure than 
the subscales would (the reliability of the sub-
scales tends to be less than the reliability of the 
total score due to the smaller number of items).

With respect to reliability, another important 
factor is that the ARDES is a self-reporting instru-
ment and could therefore be sensitive to social 
desirability bias. For this reason, it is important to 
control this possibility. In this regard, our results 
are in line with the findings of previous studies. 
Poó et al. (2010) found the same correlation pat-
terns between the DSDS and The Dissociative 
Driving Style subscale of the Multidimensional 
Driving Style Inventory (that is, a low correlation 
with the IM scale and a moderate correlation with 
the SD scale). We believe it is best to be cautious 
and check for such bias when possible. We recom-
mend including desirability measures to screen 
subjects with high scores and providing response 
conditions that reduce bias (responder anonymity, 
confidentiality, etc.).

We believe this study gives a useful research 
tool and opens interesting lines of future work 
into individual differences in driving inattention. 
First, it would be interesting to deepen our 
understanding of the psychological correlations 
of driving inattention through correlational stud-
ies on personality and cognitive variables. It 
would be worthwhile to work with comprehen-
sive personality models, such as the Big Five 
(McCrae & Costa, 2003) or the Alternative Five 
(Zuckerman, 2005) to obtain a fuller under-
standing of the relationship between personality 
and driver inattention. Experimental cognitive 
psychology research, such as Lopez-Ramón  
et al. (2011), would also be essential. These 
studies are vital to understanding the individual 
differences in driving inattention and also to 
providing evidence of validity for self-reporting 
instruments.

In addition to deepening our understanding of 
the psychological correlations of inattention, it 
would also be important to study the manner in 
which this variable interacts with other factors. As 
Reason (1990) and Stanton and Salmon (2009) 
state, a complete analysis of human error requires 
a systematic perspective that includes driver, 
vehicle, and road environment factors. Besides 

theoretical questions on the nature of individual 
differences in driving inattention, we believe our 
research also leads to practical questions. For 
instance, to what degree is the effectiveness of 
interventions to address or reduce driving distrac-
tions moderated by individual differences in driver 
inattention? Might subjects with a high propensity 
toward inattention be more resistant to certain pre-
ventive actions? If so, what kind of actions might 
be more appropriate for this type of driver? We 
believe the ARDES is a useful tool for future 
research into questions such as these.

In summary, this study clarifies and improves 
the psychometric basis of ARDES and provides 
new evidence supporting its potential use in 
research. It should be made clear that we are not 
inclined to believe that this type of instrument 
should be used for driver licensing testing, since 
the responses can be manipulated by the subjects 
being evaluated. We do believe that the ARDES 
can serve as an instrument of driver self-assess-
ment in educational and training contexts, in other 
words, as a tool to help drivers become aware of 
their personal tendency toward driver inattention. 
An example of this type of use is the “Drivers 65 
Plus” of the AAA Foundation for Traffic Safety 
(2010). This is a self-rating instrument designed to 
help adult drivers become aware of some age-
related changes that can affect safe driving. Of 
course, in order to be used for this purpose, addi-
tional validation studies and normative data on 
target populations are required.
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kEy PoIntS
 • Results reflect a personal tendency toward inat-

tention that appears to be relatively consistent and 
stable for each individual driver.
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 • Individual differences in driver inattention are 
associated with road traffic collisions.

 • Driver inattention can be easily assessed by the 
Attention-Related Driving Errors Scale.
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