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Abstract

Dual-process models from the cognitive literature have proposed a taxonomy of cognitive failures in everyday activities, and this novel approach
was applied to understanding driver behaviour. This framework was used to examine whether categories of cognitive failure would explain driving
errors, driving lapses, and driving violations in a sample of undergraduates at a large urban university. Two types of cognitive failure were examined,
one associated with missing affective information and the other associated with a failure to engage effortful processes to override an automatic
response. Alexithymia was used as an indicator of missing affective information, and attention regulation, reactivity, and impulsivity were used
as indicators of override failure. Relevant demographic variables included gender and hours typically driven. Override failures were significantly
associated with driving behaviour in the correlational analyses. In the regression analyses, attention regulation predicted driving errors, and gender,
attention regulation, and impulsivity predicted driving violations. The implications of this work include the potential application to driver training,
to users of informatics devices (e.g., GPS, cellular phones, messaging systems), and for individuals diagnosed with attention and/or impulsivity
problems.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The safe operation and manoeuvring of an automobile is
an essential skill in our modern society. Driving performance
is a particularly important domain of functional behaviour for
study, as the consequences of bad driving are enormous, finan-
cially and with respect to morbidity (Hennessy and Wiesenthal,
2005a). Therefore, understanding the correlates of good driver
behaviour is important for helping drivers function optimally on
increasingly congested roads and highways. There has been an
increased concern with driver safety which is partly attributable
to the potential for distraction caused by the use of cell phones,
MP3 players, text messagers, and other electronic devices during
driving (Lee, 2007; Strayer and Johnston, 2001; Wiesenthal and
Singhal, 2005). These devices are thought to place road users at
risk by distraction and increases in cognitive load, but conclusive
evidence for this is still needed (Wiesenthal and Singhal, 2005).
Part of the difficulty with understanding the relative risk of these
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devices during driving is that we need a comprehensive model
of driver behaviour for understanding how additional driver
demands may impact driver behaviour. What is needed is a study
that integrates different demographic and psychological individ-
ual difference variables using a theoretically based framework
that takes into account the unique contribution of factors related
to different driving behaviours. There are models that incorpo-
rate the multiple contributors to driving behaviour, including
environmental and situational determinants (Matthews, 2001;
Shinar, 1998; Taubman-Ben-Ari et al., 2004), but the emphasis
here was on demographic and individual difference variables.

There has been a range of variables associated with driver
behaviour, including demographic variables such as age,
gender, and experience (Lawton et al., 1997b; Wiesenthal and
Singhal, 2006; Wilson and Daly, 1985), cognitive variables such
as distractibility (Strayer and Johnston, 2001) and disregard for
negative consequences (Taubman-Ben-Ari et al., 2004), and
motivational or affective variables such as driver vengeance and
aggression (Hennessy and Wiesenthal, 2004, 2005b; Lonero,
2000; Neighbors et al., 2002). The problem is not a lack
of demonstration of important demographic and individual
difference variables relevant to understanding driver behaviour.
Instead, the difficulty is methodological, in that many of these
variables are correlated with each other and with empirically
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established demographic variables associated with driver
behaviour, including age and gender. For example, younger
motorists have been found to report more driver aggression than
older motorists (Hennessy and Wiesenthal, 2004; Krahé, 2005;
Krahé and Fenske, 2002). In addition, associations between
these variables may not always go in the expected direction. For
example, driving experience may be expected to be associated
with better driving performance. Although more years of driving
experience have been associated with fewer lapses and errors
(Xie and Parker, 2002), higher annual mileage by males has been
linked with more aggressive driving behaviour (Lawton et al.,
1997a).

In order to address this methodological issue, multiple
domains of cognitive and affective control were examined, in
conjunction with important demographic variables (i.e., gender
and driving experience), to determine whether each of these
variables uniquely predict driver behaviour in an undergraduate
sample at a large, metropolitan commuter university. A theo-
retical framework based on dual-process theories of cognitive
functioning was proposed in order to provide a structure for
categorizing multiple predictors. This framework is a cognitive-
based model, as the primary assumption is that errors in driver
behaviour are a result of cognitive failures. This model has been
applied to other domains involving risk-taking (e.g., the con-
ceptualization of the multiple, unique predictors associated with
pathological gambling behaviour; Toplak et al., 2007).

1.1. Dual-process theories of cognition

The basis of this approach emerges from dual-process mod-
els of cognition suggesting that two different types of cognition
have different functions, strengths, and weaknesses (Stanovich,
1999, 2004). In this model there are two sets of systems: System
1 (also known as the autonomous set of systems, TASS) is auto-
matic and context-based, whereas System 2 is controlled and
requires decontextualization (Stanovich, 1999, 2004; Stanovich
and West, 2000). These types of cognition are consistent with
the distinction in the cognitive literature between automatic and
controlled processes, which has also been used as an impor-
tant distinction in the driving literature (Brehmer, 1994), but
these processes have been theoretically refined and elaborated
to encompass a broader set of cognitive activities and domains,
including the study of human rationality and decision-making
(Stanovich, 1999). System 1 – TASS processes are ‘fast and
frugal’ and activate ‘gut’ feelings that fit the immediate situa-
tion (Gigerenzer and Goldstein, 1996; Reyna and Farley, 2006),
much like reflexive behaviours. System 2 analytic processes are
slower, more controlled and effortful, and necessitate active con-
sideration of alternatives (Stanovich, 1999, 2004; Stanovich and
West, 2000). These systems are likely comprised of many com-
ponents (Stanovich, 2004). For example, included in System 1 –
TASS are processes of implicit and instrumental learning, over-
learned associations, and processes of behavioural regulation by
the emotions. Included in System 2 are processes related to cog-
nitive abilities, executive processes, and dispositional tendencies
related to open-minded thinking.

Both the heuristic (System 1 – TASS) and analytic (System
2) systems can produce response output for the same cogni-
tive problem, and these outputs can often reinforce one another.
These two sets of processes often work together in tandem. For
example, although folk wisdom suggests that emotion and intel-
lect are in a constant struggle, many cognitive science models
regard emotions as useful signals for guiding behaviour, such
as assisting with the prioritization of goals (Damasio, 1994;
Johnson-Laird and Oatley, 1992). This type of behaviour reg-
ulation by the emotions is a useful first-pass strategy, however
more complicated situations may result in a conflict between the
response outputs from these two systems, generating cognitive
failure.

1.2. Cognitive failures

Based on the dual-process framework, two classes of cogni-
tive failure were examined in the current study.

1.2.1. Missing TASS output
The first category of cognitive failure is missing TASS output

(Stanovich, 2002, in press; Toplak et al., 2007). Although many
cognitive science models regard emotions as useful signals for
guiding behaviour, such as assisting with the prioritization of
goals (Damasio, 1994; Johnson-Laird and Oatley, 1992), there
are times when affective information may be lacking. Dama-
sio and colleagues (Bechara et al., 1996; Damasio, 1994), have
demonstrated that patients with damage to the ventromedial
prefrontal cortex exhibit poor performance on measures of real-
life decision-making that are not attributable to deficits related
to executive processes, such as working memory (Bechara et
al., 1998). Damasio (1994) has termed the somatic marker
hypothesis to explain these findings. Somatic markers, or emo-
tions, assist by constraining the decision-making space and
giving various alternatives preferential availability over other
alternatives (Oatley, 1999). Somatic markers serve an adaptive
evolutionary human function, consistent with cognitive science
perspectives on the role of emotion (Johnson-Laird and Oatley,
1992). Damasio (1994) argues that his patients with ventrome-
dial lesions lack the physiological cues needed to signal risky
choices (Bechara et al., 1997; Bechara et al., 1996). When impor-
tant affective information is lacking, this can lead to cognitive
failures.

1.2.2. TASS override failure
The second category of cognitive failure has been termed

TASS override failure (Stanovich, 2002, in press; Toplak et al.,
2007). In complicated situations, the first-pass heuristic strat-
egy that is associated with System 1 – TASS processes may
be inadequate, necessitating a more fine-grained response that
can only be generated by the more analytic and effortful Sys-
tem 2 processes. TASS override failure occurs when System 1
– TASS processes are insufficient, yet the analytic processes
of System 2 are not activated. Failures in attention regulation
suggest a lack of engaging analytic processes. In the clinical lit-
erature, for example, inattention has been associated with lower
performance on measures of executive function (Chhabildas et
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al., 2001; Martel et al., 2007), which are processes related to the
regulation of behaviour generally located in the prefrontal cortex
(Pennington and Ozonoff, 1996). Measures related to impulsiv-
ity and consideration of future consequences have been used
previously as indicators of TASS override failure in pathologi-
cal gambling (Toplak et al., 2007). Impulsivity involves a lack
of accessing inhibitory mechanisms that could deter behaviour,
and consideration of consequences activates possible outcomes
that may importantly impact the choice or decision at hand. Too
much emotion has been conceptualized as an instance of override
failure (Stanovich, 2002).

1.3. Dual processes and cognitive failures in driving

This paradigm is useful for understanding the types of cogni-
tive failures that can lead to poor driving performance. Much
driving experience is based on overlearned associations and
automatic behaviours triggered by situations requiring rapid
reaction times and the need to make quick judgments. These
behaviours must become automatic in order for one to become
a proficient driver (e.g., being prepared to brake when the car
ahead suddenly slows down, making a lane change, or turning
on the windshield wipers when it begins to rain). Affective reac-
tions, such as fear, may be useful if they reduce the driver’s
reaction time in situations where the driver must brake suddenly
– this would be a situation where the two systems are working
in synchronization. However, a lack of affective information in
such a case could be hazardous if it prevents the driver from
reacting in time; this would be an example of a cognitive failure
involving missing TASS output. Drivers also encounter situa-
tions where there is too much affective information that they
must actively override or inhibit; for example, in cases of driver
rage and driver vengeance. The regulation of attention and con-
sideration of options and outcomes of actions are also important
during driving. For example, analytic processes may need to be
engaged in order to realize that one needs to slow down after
coming off the highway into a reduced speed zone. Likewise,
deciding whether to take a detour from a congested highway
may necessitate analytic processes to override the heuristic ten-
dency to stay on the highway. These latter two examples reflect
override failures.

There is substantial literature to suggest that override fail-
ure is related to driver mistakes. The case of driver vengeance
and aggression (Hennessy and Wiesenthal, 2004; Krahé, 2005;
Krahé and Fenske, 2002) demonstrates the failure to over-
ride affective TASS output. Consideration of consequences,
engaging attentional resources, and impulsivity have also been
associated with negative driving outcomes. For instance, dis-
regard for negative consequences has been associated with
reckless driving (Taubman-Ben-Ari et al., 2004). Failures to
engage, maintain, and regulate attention have been related to lane
deviation, inconsistent speed, and unsafe following distance (de
Waard and Brookhuis, 1997). DePasquale et al. (2001) presented
participants with aversive driving events and asked participants
to select their most likely response to the event from a list of
responses that varied in degree of emotional reaction and retali-
ation. DePasquale and colleagues reported that impulsivity was

correlated with self-reported aggressive responding. Barkley and
colleagues demonstrated that drivers who had been diagnosed
with attention-deficit/hyperactivity disorder (ADHD), a com-
mon symptom of which is impulsive tendencies, received more
traffic citations for speeding, licence suspensions, and vehicu-
lar collisions (Barkley et al., 2002; Jerome et al., 2006; Murphy
and Barkley, 1996). Missing TASS output has not been impli-
cated in driver behaviour, but was explored here as another
type of cognitive failure that may be associated with driver
behaviour.

1.4. Purpose of the current study

The purpose of this study was to apply this novel frame-
work to understand how different types of cognitive failure
relate to driver behaviour. One measure of missing TASS output
was included, namely, the ability of individuals to identify and
label their affective reactions. The category of TASS override
failure included measures related to the regulation of atten-
tion, impulsivity, consideration of future consequences, and the
degree to which individuals differ in their subjective experi-
ence of stimulation or reactivity. Three types of driver behaviour
were assessed: errors, lapses, and violations. Errors included
instances of failure to successfully carry out an intended action
leading to potentially dangerous manoeuvres. Lapses included
behaviours related to attention or memory failures which can
sometimes impact driver safety. Violations included deliberate
defiance of safe driving practices. In summary, the dual-process
model provides a novel integration of variables associated with
driver behaviour. This study examined the extent to which these
variables are differentially associated with various driving out-
comes.

1.5. Hypotheses

The following hypotheses were proposed:

1. Variables related to two types of cognitive failure (missing
TASS output and TASS override failure) would be associ-
ated with driving behaviour. For the measures of missing
TASS output, it was hypothesized that difficulties with iden-
tifying affect would be associated with suboptimal driving
behaviours. For the measures of override failure, it was
hypothesized that failures in regulating attention, failures
in inhibiting impulsive tendencies, a lack of consideration
of outcomes, and reactivity would be associated with less
optimal driving behaviour. It was also expected that the
demographic variables of gender and driving experience
would predict driving behaviour.

2. A differential pattern of associations between the measures
of cognitive failure and the different driving behaviours
was hypothesized. Specifically, failures in attention and
reactivity should be associated with driving errors and
lapses, whereas impulsivity should be associated with driver
violations. Each of these variables was expected to pre-
dict unique variance associated with the different driving
behaviours.
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2. Method

2.1. Participants

In exchange for psychology course credit, Canadian under-
graduate students in a major university served as participants
in this study. A total of 115 participants (58 males and 57
females) took part in the study. Their mean age was 20.82 years
(S.D. = 5.14). To be eligible for participation in the study, partic-
ipants were required to hold a valid driver’s licence or learner’s
permit. Participants reported that they spent 1.79 h (1 h and
47 min) per day driving, however there was extreme variation
in scores. Responses ranged from .17 to 5.00 h (10 min to 5 h),
generating a standard deviation of 1.21 (1 h and 13 min).

2.2. Materials

2.2.1. Driving behaviour
2.2.1.1. Driver Behaviour Questionnaire (DBQ). The DBQ
(Lawton et al., 1997a; Parker et al., 1995; Reason et al., 1990)
measured three types of driving behaviours: errors (i.e., failure
to successfully carry out an intended action leading to poten-
tially dangerous manoeuvres), lapses (i.e., attention or memory
failures which sometimes impact driver safety), and violations
(i.e., deliberate defiance of safe driving practices). The current
study used a version of the DBQ adapted for North Ameri-
can drivers (see Reimer et al., 2005). The measure included
24 items rated on a 6-point scale ranging from ‘0 = never’
to ‘5 = nearly all the time’. There were three dependent vari-
ables, including reported errors, lapses, and violations during
driving.

2.2.2. Missing TASS output
2.2.2.1. Alexithymia Scale – Revised. This 20-item scale,
revised by Bagby et al. (1994), assessed a lack of emotional
awareness. The measure has three subscales: Difficulty Identi-
fying Feelings (e.g., “When I am upset, I don’t know if I am
sad, frightened or angry”), Difficulty Describing Feelings (e.g.,
“It is difficult for me to find the right words for my feelings”),
and Externally Oriented Thinking (e.g., “I prefer talking to peo-
ple about their daily activities rather than their feelings”). Items
were rated on a 6-point scale ranging from ‘1 = strongly dis-
agree’ to ‘6 = strongly agree’. One composite scale was created
to assess a general lack of emotional awareness, which served
as the dependent measure.

2.2.3. TASS override failure
2.2.3.1. Differential Attention Processes Inventory (DAPI).
The DAPI assessed individual differences in focused and dual
attention (Crawford, 1993; Crawford et al., 1993; Grumbles
and Crawford, 1981). It contained 40 items related to every-
day experiences involving attention, ignoring distractions, and
performing physical and cognitive tasks simultaneously. Par-
ticipants rated their level of agreement with each statement on
a 7-point scale ranging from ‘1 = never’ to ‘7 = always’. The
scale consisted of four subscales: Moderately Focused Atten-
tion (e.g., “Can you concentrate on reading or studying while in

a noisy room?”), Extremely Focused Attention (e.g., “Can you
lose yourself in thought so that you are hardly aware of the pas-
sage of time?”), Dual Attention Cognitive-Cognitive (e.g., “Can
you read or study easily while at the same time listen easily to
a conversation?”), and Dual Attention Cognitive-Physical (e.g.,
“Can you talk on the telephone while doing some other physical
activity?”). Scores on each of the four subscales constituted the
dependent measures.

2.2.3.2. Adult Self-Report Scale (ASRS). The ASRS was devel-
oped by a World Health Organization (WHO) workgroup to
assess difficulties associated with ADHD in adults (Kessler et
al., 2005). Nine questions related to inattention were included
(e.g., “When you have a task that requires a lot of thought, how
often do you avoid or delay getting started?”). Participants rated
the frequency with which they experienced these difficulties on
a 5-point rating scale, labeled Never, Rarely, Sometimes, Often,
and Very Often. A composite scale for Inattention served as the
dependent measure.

2.2.3.3. Impulsivity Scale. A modified subscale of the I7 Impul-
sivity Questionnaire (Eysenck et al., 1985) was included. The
original subscale utilized a question format (e.g., “Do you often
buy things on impulse?”), whereas the current study utilized a
statement format (e.g., “I often buy things on impulse”). The
subscale consisted of 19 items that were rated on a 6-point scale
ranging from ‘0 = never’ to ‘5 = always’.

2.2.3.4. Consideration of Future Consequences Scale (CFC).
The CFC measured the extent to which individuals con-
sider distant outcomes when choosing their present behaviour
(Strathman et al., 1994). The measure consisted of 12 items (e.g.,
“I only act to satisfy immediate concerns, figuring the future
will take care of itself” [reverse scored]) rated on a 6-point scale
ranging from ‘1 = strongly disagree’ to ‘6 = strongly agree’.

2.2.3.5. Reactivity Scale. This scale (Kohn, 1985), derived
from stimulus-intensity-modulation theory (see Barnes, 1976;
Eysenck, 1967; Pavlov, 1960; Petrie, 1967; Strelau, 1983),
assesses how individuals differ in their subjective experience
of stimulation, such as pain and noise. Some individuals sub-
jectively amplify stimulus intensity, whereas others attenuate it.
The Reactivity Scale contains 24 items (e.g., “If I went on an
ocean voyage, I’d be sure to get seasick”, “I can’t stand stay-
ing in a sauna or steam bath for very long”) that are rated on a
5-point scale ranging from ‘1 = disagree strongly’ to ‘5 = agree
strongly’.

2.2.4. Impression management
As the measures were self-report measures, an impres-

sion management scale was included as a control variable for
social desirability. A 5-item scale from Paulhus (1991) was
employed, and included items such as: “I sometimes tell lies
if I have to.” The same rating scale was used as for the CFC
Scale.
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Table 1
Reliability coefficients

Variable Number of items α N

Driver Behaviour Questionnaire
Driving errors 7 .792 113
Driving lapses 8 .618 113
Driving violations 8 .808 114

Missing TASS output failure
Alexithymia 20 .820 113

TASS override failure
DAPI – MFA 8 .876 115
DAPI – EFA 12 .799 114
DAPI – DAPC 5 .754 113
DAPI – DACC 4 .859 115
Inattention Scale 9 .759 110
Impulsivity Scale 19 .811 115
CFC Scale 12 .875 114
Reactivity 24 .712 115

Note: DAPI-MFA = Differential Attention Processes Inventory – Moderately
Focused Attention; DAPI-EFA = Differential Attention Processes Inven-
tory – Extremely Focused Attention; DAPI-DAPC = Differential Attention
Processes Inventory – Dual Attention Cognitive and Physical Tasks; DAPI-
DACC = Differential Attention Processes Inventory – Dual Attention Two
Cognitive Tasks; CFC = Consideration of Future Consequences.

3. Results

3.1. Reliability of the measures

Reliability coefficients were computed for each of the mea-
sures used in the current study, which are displayed in Table 1.
Most measures demonstrated moderate to strong reliability
(α = .75 to α = .96; see Nunnally and Bernstein (1994) for a dis-

cussion of standards of reliability). In the case of driving errors,
the elimination of one item in the scale (i.e., try to pass another
car that is signaling a left turn) significantly increased the scale’s
reliability coefficient. Therefore, the revised 7-item scale was
used in the statistical analyses. Student participants reported sig-
nificant difficulty in estimating daily, weekly, or annual mileage;
therefore, average number of hours of daily driving was used as
a substitute for mileage as a demographic predictor variable. It
should be noted that for all parametric tests, the mean number
of hours of daily driving was log-transformed in order to make
the distribution of scores more normal. A constant of .834 was
added to all reported values before the log transformation so
that the minimum value of this variable equaled one (Osborne,
2002).

3.2. Gender differences

Table 2 displays mean scores for males and females on all of
the measures, including average number of hours spent driving
each day. Several significant gender differences emerged, but
given the large number of tests conducted, a Bonferroni adjust-
ment requiring a p-value of .004 (α/13) was considered when
reviewing these results. Using these criteria, males reported sig-
nificantly more driving violations than females and significantly
lower levels of reactivity than females.

3.3. Correlational analyses

Correlational analyses were performed among the variables
associated with cognitive failure, which are displayed in Table 3.
Several of these measures were intercorrelated, including asso-
ciations among the missing TASS output measure and the

Table 2
Means and standard deviations for males and females on heuristic, analytic, and driver behaviour questions

Gender

Male Female

Mean S.D. n Mean S.D. n t p

Mean driving hours per day (log transformed) .41 .20 54 .34 .18 48 1.66 .101

Driver Behaviour Questionnaire
Driving errors .87 .60 57 .95 .71 57 −.60 .553
Driving lapses 1.14 .54 57 1.26 .65 57 −1.07 .286
Driving violations 2.43 .87 57 1.82 .85 57 3.78 .000

Missing TASS output failure
Alexithymia 2.82 .61 58 2.71 .71 57 .89 .373

TASS override failure
DAPI – MFA 3.96 .97 58 3.68 1.15 57 1.41 .161
DAPI – EFA 3.32 .62 58 3.60 .92 57 −1.91 .059
DAPI – DAPC 5.06 .87 57 5.29 1.04 56 −1.27 .205
DAPI – DACC 2.88 1.02 58 2.54 1.01 57 1.75 .082
Inattention Scale 2.86 .57 58 2.88 .50 57 −.23 .816
Impulsivity 2.49 .49 58 2.33 .53 57 1.60 .112
CFC Scale 3.96 .84 57 4.26 .73 57 −2.04 .044
Reactivity Scale 2.88 .37 58 3.25 .34 57 −5.49 .000

Note: DAPI-MFA = Differential Attention Processes Inventory – Moderately Focused Attention; DAPI-EFA = Differential Attention Processes Inventory – Extremely
Focused Attention; DAPI-DAPC = Differential Attention Processes Inventory – Dual Attention Cognitive and Physical Tasks; DAPI-DACC = Differential Attention
Processes Inventory – Dual Attention Two Cognitive Tasks; CFC = Consideration of Future Consequences. Bold text indicates statistically significant values.
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Table 3
Bivariate correlations between heuristic and analytic variables

1. 2. 3. 4. 5. 6. 7. 8.

Missing tass output failure
1. Alexithymia

TASS override failure
2. DAPI-MFA −.186

.046

3. DAPI-EFA .210 .067
.024 .477

4. DAPI-DAPC −.200 .365 .096
.033 .000 .310

5. DAPI-DACC −.144 .557 .137 .307
.126 .000 .144 .001

6. Inattention .355 −.135 .509 −.075 −.201
.000 .152 .000 .432 .031

7. Impulsivity .310 .092 .315 −.007 .063 .445
.001 .327 .001 .942 .502 .000

8. CFC Scale −.247 −.060 −.096 .019 .037 −.217 −.441
.008 .529 .309 .840 .692 .020 .000

9. Reactivity .063 −.361 .140 −.154 −.274 .187 −.058 −.007
.504 .000 .134 .103 .003 .045 .540 .941

Note: Each p-value is listed below its respective correlation. DAPI-MFA = Differential Attention Processes Inventory – Moderately Focused Attention; DAPI-
EFA = Differential Attention Processes Inventory – Extremely Focused Attention; DAPI-DAPC = Differential Attention Processes Inventory – Dual Attention
Cognitive and Physical Tasks; DAPI-DACC = Differential Attention Processes Inventory – Dual Attention Two Cognitive Tasks; CFC = Consideration of Future
Consequences. Bold text indicates statistically significant values.

override failure measures, but these associations were typically
in the expected direction (for example, higher alexithymia was
associated with more inattention). Correlations among the differ-
ent driving outcome measures were also examined. Significant
intercorrelations between errors and lapses (r = .60, p < .001),
errors and violations (r = .37, p < .001), and lapses and vio-
lations (r = .25, p < .01) were obtained. Notably, the strongest
intercorrelation was between driving errors and lapses.

Correlational analyses were performed between driving
errors, lapses, and violations and the measures of cognitive fail-
ure, which are displayed in Table 4. Many of the TASS override
variables were significantly correlated with driving behaviour,
but not the missing TASS output variable. Specifically, four of
the TASS override failure variables were significantly correlated
with driving errors: the DAPI – Extremely Focused Attention
and the Inattention scales were the most highly correlated with
driving errors (r = .36, p < .001 and r = .31, p < .001, respec-
tively), and the Impulsivity Scale was less strongly, but still
significantly correlated with driving errors (r = .27, p < .01). The
same three TASS override variables were significantly correlated
with driving lapses, with all three demonstrating fairly equiv-
alent associations (r = .38, p < .001; r = .36, p < .001; r = .34,
p < .001, respectively). For driving violations, the Reactivity
Scale (r = -.29, p < .01), DAPI – Extremely Focused Attention
(r = .25, p < .01), DAPI – Dual Attention with two Cognitive
Tasks (r = .20, p < .05), Impulsivity Scale (r = .47, p < .001), and
CFC Scale (r = −.30, p < .001) were all significantly correlated,
with the strongest correlation obtained with the Impulsivity
Scale.

The alexithymia scale was not significantly correlated with
driving errors, lapses, and violations. The DAPI – Moderately
Focused Attention and DAPI – Dual Attention (with Physical
and Cognitive Tasks) also failed to correlate with these DBQ sub-
scales. There was also no association between impression man-
agement and the DBQ subscales. Given the lack of significant
correlation with driving errors, lapses, or violations, these latter
variables were not included in the following regression analyses.

3.4. Regression analysis

The current strategy was to use a regression analysis with a
hierarchical entry procedure. Gender and mean number of hours
spent driving per day were entered in the first block and the other
predictor variables were entered in the second block. Unfortu-
nately, thirteen participants failed to report their average daily
driving times, resulting in a slightly reduced N for the regression
analyses. Given the multiple correlations obtained in Table 4, the
goal was to determine which TASS override failure variables that
had been significantly correlated with the DBQ subscales would
survive when entered simultaneously in the second block. A sep-
arate regression analysis was performed for each of the driving
behaviour outcome measures, including errors, lapses, and vio-
lations. The results of these regression analyses are presented in
Table 5.

3.4.1. Driving errors
Of the three predictor variables tested, based on the corre-

lation matrix in Table 4, only the DAPI – Extremely Focused
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Table 4
Correlations between measures of cognitive failure and driver behaviour

Driving errors Driving lapses Driving violations

Missing TASS output failure
Alexithymia .103 .138 .102

.273 .144 .282

TASS override failure
DAPI – MFA −.103 .066 .071

.275 .485 .453

DAPI – EFA .359 .383 .250
.000 .000 .007

DAPI – DAPC −.098 −.085 .143
.304 .370 .133

DAPI – DACC −.047 −.015 .195
.617 .875 .038

Inattention Scale .309 .362 .144
.001 .000 .128

Impulsivity Scale .272 .336 .470
.003 .000 .000

CFC Scale −.029 −.014 −.299
.761 .881 .001

Reactivity .105 .165 −.286
.267 .079 .002

Note: Each p-value is listed below its respective correlation. DAPI-
MFA = Differential Attention Processes Inventory – Moderately Focused
Attention; DAPI-EFA = Differential Attention Processes Inventory – Extremely
Focused Attention; DAPI-DAPC = Differential Attention Processes Inventory
– Dual Attention Cognitive and Physical Tasks; DAPI-DACC = Differential
Attention Processes Inventory – Dual Attention Two Cognitive Tasks;
CFC = Consideration of Future Consequences. Bold text indicates statistically
significant values.

Attention made a significant positive contribution to driving
errors, explaining nearly 4% of the unique variance associated
with driving errors. The final model accounted for approximately
14% of the variance in driving errors.

3.4.2. Driving lapses
Although none of the examined predictors entered as signif-

icant unique predictors of driving lapses, the DAPI – Extremely
Focused Attention (p = .056) and the Impulsivity Scale (p = .079)
came very close to significance. Collectively, the predictors in
the final model accounted for approximately 19% of the variance
in driving lapses.

3.4.3. Driving violations
In this model, gender entered as a significant predictor of driv-

ing violations. Based on the means listed in Table 2, it is clear
that males reported significantly more driving violations than
did females. In addition, the mean number of hours spent driving
per day approached significance (p = .058), suggesting that indi-
viduals who spend more time on the roadways are more likely
to commit driving violations. These two variables explained
nearly 9% and 5% unique variance, respectively, of the total vari-
ance associated with driving violations. The two TASS override
failure variables (i.e., the DAPI – Extremely Focused Atten-
tion and the Impulsivity Scale) entered as significant predictors,

explaining 3% and 6% of the unique variance, respectively.
The Reactivity Scale, also measuring TASS override failure,
also approached significance. Collectively, the predictors in the
final model accounted for approximately 34% of the variance in
driving violations.

4. Discussion

The current study utilized a dual-process framework to exam-
ine whether two categories of cognitive failure, specifically
missing TASS output and TASS override failure, would sig-
nificantly predict driving behaviour. The results of the current
study suggest that measures of TASS override failure were
associated with driving behaviour. In particular, the various
measures of TASS override failure were differentially associ-
ated with driving errors, lapses, and violations. In terms of
driving errors, the DAPI – Extremely Focused Attention was
a significant predictor. For driving lapses, the same variable
approached statistical significance, as did self-reported impul-
sive tendencies. Driving violations were significantly predicted
by gender, DAPI – Extremely Focused Attention, and impulsiv-
ity, while mean hours driving per day and reactivity approached
significance.

The results indicate that demographic variables (gender and
mean hours driving per day) and variables indicating TASS over-
ride failure were significantly associated with driving behaviour.
In addition, there were important differences in which of these
variables predicted different driving behaviour outcomes (i.e.,
errors, lapses, and violations). The DAPI – Extremely Focused
Attention subscale was associated with both errors and lapses.
Items composing this subscale included questions about getting
lost in thought, forgetting that someone else is in the room with
you, and arriving late for appointments because of getting so
involved in something. Indeed, this scale was highly correlated
with the Inattention Scale (see Table 3), further validating that
the DAPI – Extremely Focused Attention is related to a failure
to engage the attention required for a given task. It is likely that
the DAPI – Extremely Focused Attention measure accounted
for common variance shared by the Inattention Scale, making
the latter measure redundant in the regression analysis. Only the
DAPI – Extremely Focused Attention scale, an attention reg-
ulation variable, significantly predicted driving errors, such as
failing to notice pedestrians when turning onto a side street and
failing to “Stop” or “Yield” at a sign. Based on dual-process
models, this type of cognitive failure may be conceptualized
as a lack of engagement of analytic processes. Others have
described this type of failed attention regulation as mind wan-
dering, where executive control may shift away from a primary
task to processing an alternative goal (Smallwood and Schooler,
2006). The failure to properly regulate attention, as measured in
the current study, may be akin to the type of inattention expe-
rienced by those diagnosed with ADHD (APA, DSM-IV-TR,
2000), based on the significant correlation between the DAPI
– Extremely Focused Attention and Inattention items for the
ASRS questionnaire. Attention regulation marginally predicted
driving lapses and significantly predicted driving violations. The
attention regulation individual difference variables studied here
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Table 5
Demographic and cognitive failure variables as predictors of driving behaviour

Variable Unstandardized Standardized Unique variance
explained

B S.E. β t p Partial r

Predictors of driving errors
Step 1

Gender (1 = male, 2 = female) .102 .133 .078 .77 .443 .006 .078
Mean driving hours per day .455 .343 .134 1.32 .189 .017 .133

Step 2
Gender (1 = male, 2 = female) .066 .128 .050 .51 .609 .002 .053
Mean driving hours per day .434 .331 .128 1.31 .193 .015 .133
DAPI – EFA .192 .093 .232 2.07 .041 .037 .208
ASRS – Inattention .190 .145 .155 1.31 .194 .015 .133
Eysenck’s Impulsivity .150 .138 .118 1.09 .280 .010 .111

R2 = .021 for Step 1, p = .360
�R2 = .161 for Step 2, p = .001
Final regression F = 4.220, p = .002, adjusted R2 = .139
N = 101

Predictors of driving lapses
Step 1

Gender (1 = male, 2 = female) .142 .120 .120 1.18 .239 .014 .119
Mean driving hours per day .361 .311 .117 1.16 .249 .013 .116

Step 2
Gender (1 = male, 2 = female) .125 .113 .105 1.11 .271 .010 .113
Mean driving hours per day .330 .292 .107 1.13 .261 .010 .115
DAPI – EFA .158 .082 .210 1.93 .056 .030 .195
ASRS – Inattention .205 .128 .184 1.61 .112 .021 .163
Impulsivity Scale .216 .122 .187 1.78 .079 .026 .179

R2 = .024 for Step 1, p = .312
�R2 = .208 for Step 2, p = .000
Final regression F = 5.709, p = .000, adjusted R2 = .191
N = 101

Predictors of driving violations
Step 1

Gender (1 = male, 2 = female) −.541 .170 −.299 −3.19 .002 .087 −.307
Mean driving hours per day 1.082 .439 .231 2.46 .015 .052 .242

Step 2
Gender (1 = male, 2 = female) −.351 .174 −.194 −2.02 .046 .027 −.205
Mean driving hours per day .771 .402 .164 1.92 .058 .024 .195
Reactivity −.412 .215 −.181 −1.91 .059 .024 −.195
DAPI – EFA .230 .103 .200 2.23 .028 .033 .225
DAPI – DACC .024 .079 .027 .300 .765 .001 .031
Impulsivity Scale .520 .171 .295 3.05 .003 .061 .301
CFC −.120 .105 −.106 −1.15 .255 .009 −.118

R2 = .165 for Step 1, p = .000
�R2 = .223 for Step 2, p = .000
Final regression F = 8.437, p = .000, adjusted R2 = .342
N = 101

Note: DAPI-EFA = Differential Attention Processes Inventory – Extremely Focused Attention; DAPI-DACC = Differential Attention Processes Inventory – Dual
Attention Two Cognitive Tasks; CFC = Consideration of Future Consequences. Bold text indicates statistically significant values.

suggest that there may be considerable variation in how drivers
perform in dual task situations (e.g., conducting conversations
over cellular telephones, talking to passengers when attempting
to locate a street address). While not all conversations present
the same workload demands, it should be recognized that indi-
viduals may also vary in their ability to deal with distractions
while operating a vehicle in traffic (Wiesenthal and Singhal,
2005).

Gender, attention regulation, and impulsivity emerged as sig-
nificant predictors of driving violations. Reactivity entails a
higher sensitivity to stimulation. It was predicted that greater
reactivity would interfere with the engagement of analytic pro-
cesses resulting in more driving errors and lapses. Instead,
reactivity was negatively related to driving violations suggest-
ing that reactivity may make drivers hypersensitive and thus
less likely to commit violations such as becoming impatient
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with a slow driver in the passing lane and passing on the right,
or vengefully chasing another driver. That gender was impli-
cated in driving violations is consistent with the finding that
men are generally more likely to be involved in traffic violence
than women (Hennessy et al., 2004). Hennessy and Wiesenthal
(2005b) found that driver violence was predicted by the interac-
tion of violations, gender, and vengeful attitudes.

It is also important to give some consideration to why dif-
ferent variables were associated with driving errors, lapses, and
violations. When intercorrelations between the different driving
behaviour measures were examined, it was found that errors,
lapses, and violations were significantly intercorrelated with one
another. The strongest correlation between errors and lapses is
consistent with the regression analyses, indicating that atten-
tion regulation likely contributes to performance in these two
domains. Violations were less strongly associated with errors
and lapses, which is also consistent with the regression anal-
yses, as gender and reactivity were also implicated in these
analyses. The category of violations seems to be a qualita-
tively different category of behaviours than errors and lapses.
These results suggest that different types of TASS override fail-
ure may explain these different problematic driving behaviours.
That attention regulation was implicated with driving errors and
lapses suggests that these types of driver mistakes may be better
explained by a failure to engage analytic processes. The role of
impulsivity in driving lapses and violations suggests that the ana-
lytic system was unable to override the impulsive tendencies on
these driving behaviours, and indeed more unique variance was
accounted for by impulsivity in these regression analyses than
by gender and attention regulation. Alternatively, alexithymia,
the measure used as an indicator of missing TASS output,
was not found to be related to driving behaviour. Together,
this study provides a framework for examining how different
types of TASS override failure may underlie different types of
driver mistakes. Cognitive failures related to TASS override fail-
ure, including attention regulation and impulsivity, predicted
driver mistakes; whereas the measure of missing TASS output
did not.

This study represents an important first step in understand-
ing the multiple variables that have relative contributions to
predicting driver behaviour. These results also have important
practical and clinical applications. That different types of TASS
override failure were implicated for different facets of driver
behaviour suggests that those involved in driver instruction con-
sider teaching different skill sets for different driver behaviours.
For example, instructors should be teaching explicit strategies
for maintaining focus and attention during driving, as well as
strategies for inhibiting impulsive and properly calibrating reac-
tive tendencies. This study also highlights how multiple domains
of driver behaviour should be separately targeted in intervention
efforts. Future studies should consider further ways to examine
the types of variables that have been used here. For example,
examination of other types of cognitive failure or TASS over-
ride failures would be a productive direction, such as examining
other measures of affect, including the contribution of driver rage
and vengeance. In addition, as the current study used many self-
report measures that are somewhat intercorrelated, it would be

useful to map the current findings on to behavioural observations
in order to refine the variables examined.

One growing concern of both the public and governments
has been the issue of distraction resulting from the use of var-
ious telematic devices in vehicles (National Highway Traffic
Safety Adminstration (NHTSA), 2004; Road Safety and Motor
Vehicle Regulation Directorate, 2005). This concern regard-
ing driver distraction is supported by the results of the current
study, namely, the significant role of attention regulation in
driver errors and violations. Telematic devices are cellular
telephones, navigational devices, adaptive speed control, radar
detectors, and Internet access (Road Safety and Motor Vehicle
Regulation Directorate, 2005), although other devices such as
video disc players, e-mail readers, lane change aides, and park-
ing assistance tools may also be considered. Distraction may
not necessarily be limited to the use of these high technol-
ogy developments—a driver talking to passengers resulted in
slower reactions and greater errors on attentional and detec-
tion tasks (Amado and Ulupinar, 2005). While telematic devices
may serve as potential distractions for the driver, the present
results indicate that the level of distraction may vary consid-
erably for individuals possessing varying levels of cognitive
abilities. When engaged in dual task information processing
situations, such as in-vehicle operation of telematic devices,
the ability to maintain control over analytic processes has been
demonstrated to differ between those possessing bilingual flu-
ency, unilingual fluency, and levels between those two linguistic
skill levels (Telner et al., 2007). The measures used in the present
study suggest that these instruments could be applied to specific
groups of individuals (e.g., young drivers, older drivers) who
have demonstrated their higher rates of collision (see Barkley
and Cox, 2007; Jerome et al., 2006) in order to gauge how
their cognitive performance correlates with their driving history.
These instruments could also be used to measure the relative
distraction that each new telematic device may cause. Once this
level of distraction is ascertained, motor vehicle agencies will
be able to develop policy decisions based upon evidence-based
practice.

The current results also have important implications for the
study of clinical conditions, such as drivers diagnosed with
ADHD. Attention regulation and impulsivity are two of the
key symptom sets associated with ADHD (APA, DSM-IV-TR,
2000), and these entered as significant predictors of driver
behaviour. It has been reported that adults with ADHD dis-
play significantly more driving errors, lapses, and violations
on the DBQ than controls (Reimer et al., 2005). Other stud-
ies have demonstrated that adults with ADHD displayed lower
scores on a test of driving rules (Barkley et al., 2002), were
more likely to be at fault for crashes (Barkley et al., 1993),
displayed more erratic steering during a computer-simulated
driving test (Barkley et al., 1996), committed more speeding
violations (Murphy and Barkley, 1996), and demonstrated more
driving anger and expression of aggression (Richards et al.,
2002; Richards et al., 2006) relative to non-clinical controls.
Importantly, while stimulant medication has been shown to
improve driver performance in driving simulator research (Cox
et al., 2000), the impairments reported that are related to traffic
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violations and frustration management may necessitate consid-
eration of other treatment approaches.

Overall, this study represents an important first step for pro-
viding a theoretical and methodological approach to study the
multiple affective and cognitive processes involved, sometimes
simultaneously, during the successful operation of a motor vehi-
cle. The utility of this theoretical approach and method provides
a conceptual working model for understanding individual differ-
ence variables related to driver behaviour, but more of such work
and more refined methods will be needed, including direct mea-
surement of the constructs examined in this study. Such a model
is needed in order to better understand how additional driver
demands interact with individual difference variables, how to
inform policy on the utility and dangers of new devices avail-
able for drivers, and how to target intervention and driver training
for different types of driver mistakes.
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