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This article synthesises the latest information on the relationship between the Driver Behaviour Questionnaire (DBQ) and
accidents. We show by means of computer simulation that correlations with accidents are necessarily small because
accidents are rare events. An updated meta-analysis on the zero-order correlations between the DBQ and self-reported
accidents yielded an overall r of .13 (fixed-effect and random-effects models) for violations (57,480 participants; 67
samples) and .09 (fixed-effect and random-effects models) for errors (66,028 participants; 56 samples). An analysis of a
previously published DBQ dataset (975 participants) showed that by aggregating across four measurement occasions, the
correlation coefficient with self-reported accidents increased from .14 to .24 for violations and from .11 to .19 for errors. Our
meta-analysis also showed that DBQ violations (r = .24; 6353 participants; 20 samples) but not DBQ errors (r = —.08;
1086 participants; 16 samples) correlated with recorded vehicle speed.

Practitioner Summary: The DBQ is probably the most widely used self-report questionnaire in driver behaviour research.
This study shows that DBQ violations and errors correlate moderately with self-reported traffic accidents.

Keywords: Driver Behaviour Questionnaire; errors; violations; self-reported accidents; crashes; meta-analysis

1. Introduction
1.1 A brief history of the DBQ

The Driver Behaviour Questionnaire (DBQ) was developed in the late 1980s (Reason et al. 1988, as cited in Reason 1990),
in a period when safety researchers began to emphasise the importance of intentional violations as contributors to accidents.
Reason (2013) explained: ‘Up to this time the focus had been very largely upon individual error makers. But the appearance
of violations required a shift away from a purely cognitive information-processing orientation to one that incorporated
motivational, social and institutional factors’ (80—81). Reason et al. (1990) showed by means of a principal component
analysis of a 50-item DBQ that violations and errors are two statistically distinct types of behaviour. The authors argued that
violations and errors are mediated by different psychological pathways and therefore require different forms of remediation.
Reason et al.’s (1990) article ‘Errors and Violations on the Roads: A Real Distinction?’ is currently the third most highly
cited paper in the journal Ergonomics, according to Google Scholar (831 citations as of 21 February 2015).

The DBQ has become a popular tool in traffic psychology research (De Winter and Dodou 2010; Salmon et al. 2010). It has
been used for a variety of purposes, including cross-cultural comparisons (Bener et al. 2013; Ozkan et al. 2006), assessment of
driver education programmes (e.g. Conner and Lai 2005; Senserrick and Swinburne 2001), and obtaining an understanding of
the personality dimensions that correlate with errors and violations on the roads (e.g. Nordfjern and Simgekoglu 2014; Siimer,
Lajunen, and Ozkan 2005). The DBQ exists in different forms and formats. Researchers have developed DBQs for assessing
the behaviour of professional drivers (Newnam and VonSchuckmann 2012), motorcycle riders (Elliott, Baughan, and Sexton
2007), and adolescent cyclists (Feenstra et al. 2011). Researchers have also created a mini-DBQ that contains only nine items
(Martinussen et al. 2013), and have included modern aberrations such as using a mobile phone while driving (Freeman et al.
2008; Wang et al. 2014). Unlike many other self-report questionnaires, the DBQ does not have a formal scoring system.
Researchers usually conduct their own principal component analysis or factor analysis to determine the structure of the DBQ.

1.2 Two main factors of the DBQ: violations and errors

Despite the variety of DBQs in existence, a commonality among DBQs is that errors and violations almost always arise as
two higher-order factors (De Winter and Dodou 2010; Lajunen, Parker, and Summala 2004). Although many researchers
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have extracted three factors [e.g. errors, highway code violations and aggressive violations as in Davey et al. (2007) and
Freeman et al. (2014); errors, lapses and violations as in Conner and Lai (2005), Dobson, Brown, and Ball (1998), and De
Craen (2010)] and others have argued for a four-factor solution [e.g. errors, lapses, aggressive violations and ordinary
violations as in Mattsson (2014), Olandoski (2012), and Scialfa et al. (2010); slips, lapses, aggressive violations and
ordinary violations as in Metz et al. (2013)], we contend that a two-factor solution is most interpretable and generalisable.
The distinction between errors and violations is comparable with other distinctions in traffic psychology, such as driver
performance versus driver behaviour (Evans 2004), skills versus motives (Lajunen and Summala 1995), driving skill versus
driving style (Elander, West, and French 1993), what the driver can do versus what the driver is willing to do (Keskinen and
Hernetkoski 2011), and performance-related capabilities versus willingness to take risk (Rothengatter 1997). The
distinction can even be generalised to other types of human activity. For example, the aim of detection theory is to
discriminate between a person’s ability to detect and his willingness to report a signal (Parasuraman, Warm, and Dember
1987). Kanfer and Ackerman (1989) explained that cognitive abilities and motivation are the two basic determinants of
work performance, whereas in The Senses and the Intellect, Bain (1855) distinguished between ‘thought, intellect, or
cognition’ and ‘volition, or the will ... as directed by our feelings’ (2). In each of the above cases, the information-
processing performance and the free will of the actor stand out as two primary factors.

1.3 Correlations between the DBQ and other self-report questionnaires

Fairly strong correlations have been established between the DBQ and a variety of other questionnaires, including the
Driver Behaviour Inventory (Westerman and Haigney 2000), the Big Five Inventory (Siimer, Lajunen, and Ozkan 2005),
and the Cognitive Failures Questionnaire (Choi and Feng 2014). However, positive correlations among self-reports do not
imply convergent validity because such correlations could also arise from common method variance. Hence, discriminant
validity should also be assessed (Campbell and Fiske 1959), that is, whether DBQ violations (or errors) do not correlate
with measures that are unrelated to violations (or errors). Some evidence of discriminant validity of the DBQ is available
in the literature. For example, Schwebel et al. (2007) found that DBQ violations correlated (r = .29) with the Sensation
Seeking Scale while DBQ errors did not (r = —.07, N = 101; see also Rimmé and ;\berg 1999). Scialfa et al. (2013)
found that DBQ errors correlated more strongly with scores on hazard perception tests (r = .35) than DBQ violations did
(r = .10).

1.4 Correlations between the DBQ and self-reported accidents

In a meta-analysis published in 2010, De Winter and Dodou found that both DBQ errors and DBQ violations correlated
with self-reported accidents (r = .10 and .13, respectively). A positive correlation between errors and accidents is to be
expected, considering that unintentional human error (e.g. misjudgement, inattention, distraction and improper
manoeuvring) is a contributing factor in about 50% of road traffic accidents (Klauer et al. 2006; Storie 1977; Treat et al.
1979). A positive correlation between violations and accidents matches road safety statistics showing that drivers who
make more violations are more likely to be involved in accidents (Cooper 1997; Evans and Wasielewski 1982; Factor
2014; Quimby et al. 1999a; Wasielewski 1984; Williams, Kyrychenko, and Retting 2006) and is consistent with the fact
that speeding is a primary factor in (fatal) accidents [see the Organisation for Economic Co-operation and Development
2006, reporting that between 10% (for women between 35 and 40 years old) and 40% (for men between 15 and 20 years
old) of drivers were speeding at the time of a fatal accident]. The relationship between speed and accidents may result
from different mechanisms, including a physical effect of speed on accident probability (e.g. Allen, Rosenthal, and
Aponso 2005; Elvik, Christensen, and Amundsen 2004). It is also possible that speed does not directly cause accidents,
but that speed and accidents are the consequence of a common-cause variable, such as drivers’ masculinity, mileage
or age.

1.5 Correlations between the DBQ and recorded violations/errors

Positive correlations between DBQ violations and recorded violations have been reported in the literature. Pasa et al. (2013)
found that a group of 50 drivers with a recent history of driving under the influence reported significantly more DBQ
violations than a group of 106 non-offenders (median = 24.5 vs. 17, respectively, p < .001). No statistically significant
differences were found for the error factors. Similar were the findings in Gonzélez-Iglesias and Gomez-Fraguela (2010),
with convicted offenders for speeding or for driving under the influence having higher DBQ violations scores than non-
offenders. Other studies have established associations between the DBQ and ratings by driving instructors in on-road
driving tests (Amado et al. 2014; Rimmo 1999). Statistically significant correlations have been found in these studies,
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although many other correlations were weak (» < .2) and non-significant. Amado et al. (2014) even concluded that there is
‘a dissociation between DBQ and expert evaluations’ (71). However, driving instructor ratings are known to have low test-
retest reliability (e.g. Baughan and Sexton 2001), and strong positive correlations with the DBQ are therefore not to be
expected.

1.6 Correlations between the DBQ and gender

De Winter and Dodou (2010) found that men reported more violations but (slightly) fewer errors than women. Objective
recordings of driver behaviour corroborate these results. For example, it is well known that male drivers commit more
traffic offences and receive more speeding tickets than their female counterparts (Arvidsson 2011; Brar and Rickard 2013).
De Winter et al. (2009) found that men made more violations but fewer steering errors than women during simulation-based
driver training. An in-depth accident analysis by Storie (1977) found that 25% (320 out of 1288) of male drivers versus 12%
(33 out of 279) of female drivers were going too fast for the conditions at the time of an at-fault accident, indicating that
speeding is a largely ‘male problem’. Conversely, ‘females featured nearly twice as often as males in the group of errors
relating to skill” (Storie 1977, 20). The causes of the observed gender differences, in the DBQ, in simulators, and on the
roads, can be traced back to gender differences in driving experience and exposure (mileage, number of trips; e.g. Ryan,
Legge, and Rosman 1998) as well as hormonal, developmental and neurobehavioural factors (Dahl 2008; Evans 2006).

1.7 Correlations between the DBQ and age

DBQ violations have been shown to correlate strongly and negatively with age in samples with a broad age range (Parker
etal. 1995: r = — .44, N = 1657; Martinussen, Mgller, and Prato 2014: r = — .46, N = 3908). Again, this is in accordance
with road safety statistics; see Figure 1 for an illustration of the decline of speeding violations with age for police-recorded
(top figure) and DBQ data (bottom figure). Figure 1 further shows that police-recorded sign/signal violations stay about
constant with age for drivers above 30 years old (Brar and Rickard 2013). It is likely that sign/signal ‘violations’ do not
decrease with age because older drivers often commit them unintentionally as a consequence of their reduced visual and
divided-attention abilities (cf. Sekuler, Bennett, and Mamelak 2000). In summary, the age-related patterns in Figure 1
correspond to Reason’s (1990) original observation that ‘violations declined with age, errors did not’” (1315).
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Figure 1. The relationship between police-reported violations [top figure; data from Brar and Rickard (2013)] and self-reported
violations as measured with the Driver Behaviour Questionnaire [bottom figure; data from Parker et al. (1995)] per age group.
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1.8 Correlations between the DBQ and experience

Drivers who have a few years of driving experience show somewhat higher DBQ violations scores than drivers who have
just obtained their driving license (Bjgrnskau and Sagberg 2005; De Craen 2010; Wells et al. 2008a, 2008b). This effect
corresponds to registered traffic citations (Harrington 1972) and can be explained by the fact that drivers increase their
mileage and self-confidence in the first years of independent driving. The DBQ errors scale appears to have some validity
issues regarding its sensitivity to driving experience. Specifically, it is well established that accident risk drops dramatically
in the first few years of driving due to improvements in driving skill (e.g. Maycock and Lockwdéod 1993). However, the
DBQ errors scores stay roughly constant during this period (Wells et al. 2008b). This anomaly may be attributable to the
fact that drivers have difficulty remembering their own errors, or because they compare themselves with peers of the same
experience level (Bjgrnskau and Sagberg 2005; De Winter, Dodou, and Hancock, in press).

1.9 Aim of this research

As described above, the DBQ is situated in a theoretically interpretable nomological net containing age, gender and on-road
accidents. Nonetheless, more research is encouraged regarding the validity of the DBQ with respect to external criteria.
According to Af Wahlberg and collaborators, the correlation coefficients between the DBQ and self-reported accidents are
almost entirely caused by common method variance effects (Af Wahlberg and Dorn 2012; Af Wahlberg, Dorn, and Kline
2011; Af Wahlberg, Dorn, and Freeman 2012). Af Wahlberg, Dorn, and Freeman (2012) stated: ‘There might exist a true,
very small association between these self-reports and actual accidents, but we believe this to be too small to be of any
practical or theoretical significance’ (93).

Common method bias can occur because of the style with which respondents complete the questionnaire. For example,
it is possible that DBQ and accident responses are affected by the availability heuristic (Aberg, Afram, and Nilsson 2005),
social desirability (Af Wahlberg 2010) and acquiescence bias. Indeed, it is well known that respondents may forget (minor)
accidents they have been involved in (e.g. Af Wahlberg 2009). In their original research, Reason et al. (1990) already
warned that ‘self-report questionnaires, like the DBQ ... can, at best, only yield ordinal frequency ratings based upon
subjective impressions of past driving experience’ (1329-1330).

The aim of this article is to summarise the latest literature on the DBQ as a predictor of drivers’ accident involvement.
We first show by means of computer simulation that the DBQ-accidents correlation has to be small because accidents are
rare events for individual drivers. The fact that rare events are difficult to predict has been documented before by
statisticians and accident-analysis experts (e.g. Af Wahlberg 2009; Cobb 1940; Newbold 1927; Peck 1993) but is rarely
acknowledged in the modern road safety research. Next, we assess the relationship between the DBQ and registered
accidents, self-reported accidents and recorded vehicle speed.

2. Correlation between a predictor variable and an accident criterion: a simulation study

We carried out a computer simulation with the aim to investigate whether the number of observed accidents sets an upper
limit to the correlation between a predictor variable and the accident criterion. We assumed that 5,000,000 drivers have an
exponentially distributed ‘accident liability’ and that the probability of having an accident is proportionally related to this
liability. In other words, the simulation represents a situation wherein drivers differ in their propensity to be involved in an
accident.

Figure 2 shows the result of the simulation. The solid line represents the correlation coefficient between the drivers’
accident liability and the number of accidents per driver, expressed against the mean number of accidents of the 5,000,000
drivers. It can be seen that the correlation coefficient increases monotonically with the mean number of accidents. Figure 2
clearly illustrates that when only a small number of drivers are involved in an accident, criterion validity is necessarily
small. For example, when the mean number of accidents is 0.5 (a typical value of self-reported accidents for a 3-year survey
period), the correlation with accident liability is .58. When the mean number of accidents is 0.16 (a typical 3-year rate for
registered accident data; cf. Peck 1993), the correlation with accident liability is .37.

The solid line in Figure 2 matches the function

max — A/ 1
Fma m-+k M

with m being the mean number of accidents, and k a constant that is function of the distribution of accident counts, see also
Nelson (1980) and Newbold (1927). In our case, k = 1, corresponding to an exponentially distributed accident liability
(a uniform distribution of accident liability would yield k = 3; see discussion section for an elaboration on other types of
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Figure 2. Simulation results showing the expected Pearson (r; light grey solid line) and Spearman (p; black dotted line) correlation
coefficients between drivers’ accident liability and the number of accidents per driver, as well as the r (dark grey dashed line) between
drivers’ accident liability and drivers’ accident involvement coded in a binary format (0 = not involved in an accident, 1 = involved in
one or more accidents), as a function of the mean number of accidents.

distributions). Cobb (1940), Peck, McBride, and Coppin (1971), and Peck (1993) described a similar formula (dubbed the
Newbold-Cobb reliability index) to express the maximum correlation as a function of the mean () and variance (s 2) of the
accident count distribution among drivers:

s2—m

; @)

Fmax =
s

Figure 2 further shows that the difference between correlations with the number of accidents and with dichotomous
accident involvement is very small (up to about 0.5 accidents per driver), which can be explained by the fact that for a small
numbers of accidents, the majority of drivers have experienced either 0 accidents or 1 accident. In other words, for typical
values (less than 0.5 accidents per driver), it hardly matters whether one calculates correlations with the number of accidents
per driver or with a binary variable that defines whether a driver has been involved in accidents or not. The correlation with
accident involvement peaks at 1 accident per driver and drops for higher values. This drop occurs because when the vast
majority of drivers are involved in an accident, the variance in the binary accident variable is small.

Figure 2 also shows that the Pearson (r) and Spearman (p) correlation coefficients are similar; the maximum difference
between the expected rand pis .06 (r = .61 vs. p = .54, occurring at 0.58 accidents per driver). The supplementary material
contains the computer code of the simulation.

Summarising, even if one were able to measure drivers’ accident liability in an error-free manner (i.e. the ‘perfect
predictor’), the correlation between accident liability and accident counts would still be small.

3. Correlation between the DBQ and registered accidents

We found four publications reporting on the relationship between DBQ responses and recorded accidents.

Af Wahlberg, Dorn, and Kline (2011) analysed the zero-order correlation coefficients between the DBQ and accidents
for four samples of drivers. The authors reported correlation coefficients of .03 and .08 between the number of state-
recorded accidents for a period of 10 years and DBQ errors and violations, respectively, in a sample of 291 older drivers.
They also found a correlation of .10 between the number of company-recorded accidents per year and violations among 221
bus drivers, and a correlation of —.01 between company-recorded bus accidents across a 3-year period and DBQ violations
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in another sample of 141 drivers. Finally, the authors observed a correlation of .02 between violations and recorded
accidents among 115 professional drivers. Note that the fourth sample used the total number of accidents in the company
records, rather than the number of accidents in a given time period.

A study not mentioned in our previous meta-analysis (De Winter and Dodou 2010) is a case-control study by Jayatilleke
et al. (2010; see also Jayatilleke 2010). The authors requested two groups of three-wheelers, a group with police-recorded
crashes within the past year and a control group, to complete the DBQ (number of participants = 265). The correlation
coefficient between DBQ violations and accidents was .22 [converted from an adjusted odds ratio (OR) from a regression
analysis; OR = 2.38 and 2.20 for intentional and hurry violations, respectively], whereas errors were not significantly
correlated with accidents (OR = 0.86; r = —.09).

Another study not included in De Winter and Dodou (2010) is Schwebel et al. (2007) on 101 older (mean age = 80
years) drivers. The correlation coefficients between state-record accidents during the past 5 years and DBQ lapses, errors
and violations were —.03, —.02 and — .18, respectively (data provided by the authors on request).

More recently, Sakashita et al. (2014; see also Sakashita 2013) reported results on the Motorcycle Rider Behavior
Questionnaire (MRBQ). A regression analysis showed that the ‘stunts’ factor (OR = 2.9; r = .11), rather than the errors and
speed factors (OR = .84 and .92, respectively, or r = —.02 and —.01), were predictive of police-reported accidents. Note,
however, that only 24 of 651 riders (3.7%) had a police-reported crash, meaning that effect sizes cannot be large (see section
2 above).

The average r, assigning equal weight to each of these samples, was .04 for violations (seven samples) and — .03 for
errors (four samples). Characteristics of all four studies are provided as supplementary material.

4. Correlation between the DBQ and self-reported accidents

The meta-analysis by De Winter and Dodou (2010) reported a zero-order correlation of .10 (30 samples) between DBQ
violations and self-reported accidents and .13 (23 samples) between DBQ errors and self-reported accidents. Since this
previous meta-analysis, a large number of new DBQ studies have been published.

Here, we report on an updated meta-analysis on zero-order correlations between the DBQ and self-reported accidents.
We followed the same methodology as described by De Winter and Dodou (2010), except that this time we also included
non-English studies. Furthermore, four studies included in the previous meta-analysis (Af Wahlberg 2010; Ismail et al.
2009; Ozkan and Lajunen 2005a; Zhang et al. 2009) were now removed, as these used the number of accidents across a
variable time period (e.g. the driver’s lifetime by asking whether the driver had ever had an accident), which may be an
invalid approach'. For samples that reported correlations with multiple types of accidents, we excluded rare-accident
categories [accidents with casualties: Gonzalez-Iglesias et al. 2012 (0.17 accidents/respondent); Salas and Lopez 2009 (0.03
accidents/respondent); major accidents: Sullman and Stephens 2013 (0.01 accidents/respondent); Taylor and Sullman 2009
(0.08 accidents/respondent); note that we replaced Sullman (2008) with Sullman and Stephens (2013) in the new analysis,
as both studies analysed the same sample and the latter provided more complete data]. A study on DBQ-accidents
associations of e-bike riders (Yao and Wu 2012) was excluded, in line with De Winter and Dodou (2010), where studies on
moped drivers were also excluded. We also excluded a recent study conducted by ourselves (De Winter et al. 2014) because
it used a novel crowdsourcing methodology surveying participants across 88 countries. This study yielded a relatively
strong DBQ violations-accidents correlation (r = .29, N = 1517) but is not representative of the classical DBQ research.

In our updated meta-analysis, we synthesised zero-order correlations only. Effect sizes from a regression analysis or
multivariate analysis, partial correlations, or other effect sizes that prevented us from calculating a zero-order correlation
coefficient (e.g. the seminal work by Reason et al. 1991) were not included in the new meta-analysis. We also excluded
studies that selectively reported only the statistically significant DBQ-accidents correlations. In the original meta-analysis
by De Winter and Dodou (2010), we analysed such effects in a separate category called ‘Other’.

On 8 September 2014, while our manuscript was under review, we received an unpublished manuscript entitled ‘The
Driver Behaviour Questionnaire As Accident Predictor; A Methodological Re-Analysis’ from Anders af Wahlberg (Af
Wahlberg, Barraclough, and Freeman 2014). This manuscript contained an extension of the meta-analysis by De Winter and
Dodou (2010), the raw data of which we had provided to Af Wahlberg on 22 March 2012. The manuscript by Af Wahlberg,
Barraclough, and Freeman (2014) contained three studies with zero-order DBQ-accidents correlation coefficients that we
were not aware of at the time of receiving their manuscript. These three studies have been included in the present meta-
analysis. For 18 more studies, Af Wahlberg et al. had acquired DBQ-accidents effects by personally contacting authors.
Of the effects obtained by Af Wahlberg et al., six DBQ violations-accidents correlations and five DBQ errors-accidents
correlations fulfilled our inclusion criteria (see above) and were included in the present meta-analysis. We excluded two
anonymous (under review/unpublished) studies analysed by Af Wahlberg et al. as it was impossible to countercheck these.
On 8 September 2014, we also informed Af Wahlberg about a preprint of an earlier version of the present article, which was
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available online since 16 May 2014, and we engaged in e-mail conversations to resolve some discrepancies between his and
our datasets.

Table 1 shows the results of our updated meta-analysis. The meta-analysis included 67 samples (number of
participants = 57,480) reporting a zero-order correlation between DBQ violations and self-reported accidents (of these
samples, 22 were not mentioned in Af Wahlberg, Barraclough, and Freeman 2014, and 44 were not included in our previous
meta-analysis). Furthermore, the meta-analysis included 56 samples (number of participants = 66,028) reporting a zero-
order correlation between DBQ errors and accidents (of these samples, 19 were not mentioned in Af Wahlberg,
Barraclough, and Freeman 2014 and 37 were not included in our previous meta-analysis). The overall correlation between
DBQ violations and accidents was .13, 95% confidence interval (CI) [.12, .13] and .13, 95% CI [.12, .15] for the fixed-effect
and random-effects model, respectively. The overall correlation between DBQ errors and accidents was .09, 95% CI [.08,
.09] and .09, 95% CI [.07, .10] for the fixed-effect and random-effects model, respectivelyz.

Funnel plots of the DBQ-accidents correlations are provided in Figure 3. Most correlation coefficients (53 out of 67 for
violations and 49 out of 56 for errors) were within the 95% fixed-effect CI. A visual inspection of the funnel plot revealed
that the effects replicate with very large sample sizes (N > 8000). Egger’s test (Egger et al. 1997) did not suggest
publication bias (p = .141 and .747 for DBQ violations and errors, respectively; see also Table 1).

The I *-index was 63% and 49% for violations and errors, respectively, indicating moderate to substantial heterogeneity
(Deeks et al. 2011). As shown in Table 2, samples widely varied in terms of demographics (mean age = 36.6 with
corresponding SD = 13.2; mean proportion males = .63, SD = 0.23) as well as DBQ characteristics such as the number of
response options (mean = 5.85, SD = 0.97), number of factors (mean = 2.43, SD = 1.65) and number of items
(mean = 22.2, SD = 8.9). Samples with a larger proportion of accident-involved drivers tended to be more predictive of
accidents. The violations-accidents correlations were smaller among samples of older mean age (p = — .38, p = .002).

Af Wahlberg, Dorn, and Kline (2011) previously stated that ‘studies using the DBQ ... show a bewildering array of
different combinations of items, factors, statistical methods and results’ (76). Table 2 shows that the type of DBQ (in terms
of number of response options, number of factors and number of items) was not a statistically significant moderator of the
DBQ-accidents correlations. In other words, we found no structural relationship between the type of DBQ and its
predictability of self-reported accidents.

In some research domains, a so-called ‘decline effect’ has been observed, that is, a negative correlation between
publication year and effect size (Dodou and De Winter 2014; Schooler 2011). Table 2 shows that the DBQ-accidents
correlations did not significantly correlate with the year of publication (p = — .01 for violations and p = .05 for errors, see
Table 2).

5. Correlation between the DBQ and recorded vehicle speed

We performed a meta-analysis on the correlation between DBQ violations/errors and recorded vehicle speed. We used
measures of mean vehicle speed (and its reciprocal: time-to-completion) as a criterion, and resorted to a speeding criterion
only when a correlation with speed was not available (i.e. in Aberg and Wallén Warner 2008, who reported the percentage
of time exceeding the speed limit).

Table 3 shows that DBQ violations were predictive of vehicle speed, with a summary correlation of r = .24, 95% CI
[.22, .27] for a fixed-effect model, and r= .28, 95% CI [.21, .35] for a random-effects model (number of
participants = 6353, based on 20 samples). The practical difference between the fixed-effect and random-effects meta-
analysis is that in the fixed-effect meta-analysis, the summary effect is largely defined by Quimby et al. (1999a), because
this study has a relatively large sample size (N = 5047) compared with the rest of the studies. DBQ errors were not
predictive of vehicle speed, and actually exhibited a slightly negative correlation (summary r = —.08, 95% CI [—.14,
—.02], for a fixed-effect model, number of participants = 1086, based on 16 samples). The calculation of a summary
correlation using a random-effects model was not possible due to a negative estimate of the between-studies variance (72).

Table 1. Meta-analysis results of the correlations between the DBQ and self-reported accidents.

Egger’s regression test

Number of Number of  r [95% CI] r [95% CI] Intercept
samples  participants (fixed-effect) (random-effects) Q-statistic [ 2_index (%) [95% CI] p
DBQ violations 67 57,480 A3 [12, .13] A3 [12, .15] 179.4 63.2 047 [—0.16, 1.11] .141

DBQ errors 56 66,028 .09 [.08, .09] .09 [.07, .10] 108.1 49.1 —0.09 [—0.68, 0.49] .747
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Figure 3. Funnel plots for the correlation of self-reported accidents with DBQ violations (top figure) and DBQ errors (bottom figure).
A 95% confidence interval was drawn around the overall zero-order effect according to a fixed-effect model (r = .13 for violations, and
r = .09 for errors). White markers indicate that the correlation coefficient was included in the previous meta-analysis by De Winter and
Dodou (2010).

72 is negative when the correlation coefficients are more homogeneous than what one would expect based on the within-
studies variance (Borenstein et al. 2011).

6. Correlation between the DBQ and self-reported accidents: An empirical demonstration

De Winter and Dodou (2012a) previously illustrated that when drivers’ accident data are aggregated across surveys, the
DBQ-accidents correlation increased from about .1 to about .2. Herein, we used the same dataset [a longitudinal study by
Wells et al. 2008a; data available in Transport Research Laboratory, Safety, Security and Investigations Division (TRL)
2008] to illustrate this principle in a comprehensive manner.

The Wells et al. (2008a) dataset is a unique source of information because respondents were surveyed four times (at 6,
12, 24 and 36 months since licensure). The respondents answered to the query ‘When driving, how often do you do each of
the following?” with respect to 34 aberrations. The responses were on a 6-point scale ranging from ‘never’ to ‘nearly all the
time’. For accident data, we used the response to ‘How many accidents were you actually involved in when driving a car or
van in the last 6 (/2) months? (Please include all accidents, regardless of how they were caused, how slight they were or
where they happened)’. The response was coded as follows: None =0, One =1, Two = 2, Three = 3, More than
three = 4.



Ergonomics 1753

Table 2. Zero-order Spearman correlations between moderator variables and the DBQ versus self-reported accidents correlations.

r violations-  Number of rerrors-  Number of

M (SD) accidents correlations p accidents  correlations p
1 r violations-accidents .15 (.10) 1 67 - .38 53 .005
2 r errors-accidents .08 (.08) .38 53 .005 1 56 -
3 Number of participants 1011 (1985) —.20 67 112 .04 56 746
4 Mean age 36.6 (13.2) —.38 66 .002 —.03 55 .809
5 Proportion males .63 (.23) 13 63 299 .26 52 .058
6 Nr. of DBQ response options 5.85 (0.97) .03 64 817 —.11 53 419
7 Nr. of DBQ factors 2.90 (1.14) —.05 66 714 —.05 55 723
8 Nr. of DBQ items 22.2 (8.9) —.01 64 963 —.10 53 457
9 Publication year 2008.9 (5.0) —.01 67 927 .05 56 729
10 Mean time interval for accidents (years)  2.43 (1.65) .09 62 485 .14 51 321
11 Mean number of accidents 0.56 (0.59) .30 46 .045 27 37 .109
12 Proportion of accidents 0.31 (0.18) .36 17 155 .30 15 277
13 Mean number and proportion 0 (1.00) .29 63 .020 27 52 .052

of accidents®

Note: Means and correlations were not weighted according to sample size.
#Variables 11 and 12 averaged after rank-transformation.

In total 12,272 people participated in at least one of the four surveys, with 1404 people participating in all four surveys.
From these 1404, the 975 respondents without any missing values on the DBQ, mileage and accident items of all four
surveys were included in our new analysis. The DBQ-accidents correlations for the subsample of 975 respondents in Survey
1 were highly similar to the DBQ-accidents correlations for the entire sample (N = 9653) for the same survey (r = .15 for
violations and r = .09 for errors, for both samples), indicating that the subsample was representative of the entire sample.
For analyses of the same DBQ data using pairwise deletion of participants, see De Winter and Dodou (2010) and Rowe et al.
(2015).

Two factors (violations and errors) were extracted and obliquely rotated using the promax procedure. Our decision to
extract two factors was based on theoretical considerations (Section 1.2) and on the distribution of eigenvalues (Figure 4;
see also De Winter 2013). Parallel analysis based on the unreduced correlation matrix indicated that 3 factors had to be
extracted, whereas parallel analysis based on the reduced correlation matrix indicated that between 8 and 11 factors had to
be extracted. Parallel analysis is a widely recommended technique for determining the number of factors to retain (Fabrigar
et al. 1999; Henson and Roberts 2006). However, the main limitation of parallel analysis is that it detects the number of
factors based on statistical significance, which means that it is sensitive to sample size and will lead to over-extraction when
the sample size is high (O’Connor 2000; Revelle 2013).

Age and gender were obtained from registered data at the time of the first survey. We used a two-level exploratory factor
analysis (cf. Muthén and Muthén 2012; Reise et al. 2005). Specifically, an exploratory factor analysis was first performed
for each of the four individual surveys, followed by another exploratory factor analysis conducted on the obtained factor
scores (factor loadings are provided as supplementary material, Tables S1 and S2). Note that single-level approaches of
aggregating data (i.e. factor analysing an N = 975 X p = 136 matrix of pooled variables or an N = 975 X p = 34 matrix of
DBQ sum scores across the four survey periods) yielded highly similar factor scores to the two-level approach (r > .994 for
the errors and violations factor scores). For all factor analyses, a maximum likelihood estimator was used. Principal axis
factoring yielded highly similar factor loadings to maximum likelihood factor analysis (r > .999 for both factors; for a
comparison between these two factor analysis methods see also De Winter and Dodou 2012b).

Table 4 shows that the correlation coefficients for the four surveys combined were stronger than the correlations for each
survey individually. Specifically, the correlations between the DBQ and self-reported accidents were .24 for violations and
.19 for errors when the DBQ and accident data were aggregated, considerably higher than the .14 and .11, respectively, for
the individual surveys. The corresponding Cohen’s d effect sizes for individuals with versus without self-reported accidents
were 0.42 and 0.28 for violations and errors, respectively. Men reported more violations (d = 0.45) but fewer errors
(d = —0.13) than women. The loadings on the orthogonally and the obliquely rotated factors were similar (see Table S3 of
the supplementary material).

Various confounders, such as age, gender and mileage, might influence the zero-order correlation coefficients.
We conducted a linear regression analysis to assess the DBQ-accidents association when the confounding variables were
held fixed. Table 5 shows 8 weights for a multiple linear regression to predict self-reported accidents, with DBQ and
accident data aggregated across the four surveys. It can be seen that violations and errors were still significant predictors
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Table 3. Zero-order correlation coefficients between the Driver Behaviour Questionnaire (DBQ) and measures of vehicle speed.

r with DBQ
violations
Number of Experimental ~ (average r with DBQ errors
Reference participants Criterion setting per sample)  (average per sample)
Aberg and Wallén Warner (2008) 175 Percentage of time exceeding Real car 43 —.01
the speed limit
Bianchi Piccinini et al. (2014)* 26 Mean speed Simulator .10 —.19
De Winter et al. (2009; 16 Accepted gap number in traffic ~ Simulator —.04 .04
Experiment 1) stream
De Winter et al. (2009; 13 Accepted gap number in traffic ~ Simulator .58 —.02
Experiment 2) stream
De Winter (2013) 320 Composite speed score Simulator 32 —-.17
Helman and Reed (2015) 26 Bend speed (day and night) Real car 15 —.01
Helman and Reed (2015) 30 Speed when pedestrian began Simulator 42 .16
crossing the road and mean
speed on bend approach
Houtenbos and De Winter (2012) 25 Mean speed Simulator .29 —.17
Metz et al. (2013) 109 Mean speed Real car .10 —.01
Quimby et al. (1999a)° 5047 Unobtrusive speed measurement, Real car 23
categorised into five speed bands
(from low to high speed)
Quimby et al. (1999b)¢ 113 Ratio of the In(speed) of the Real car 41
individual
driver to the average In(speed)
for all drivers on that section,
averaged over road sections
Rendén Vélez (2014) 54 Mean speed Simulator 43 —.09
Schwebel et al. (2006) 64 Time to complete course Simulator .33
Seibokaité et al. (2011) 40 Mean speed Simulator .29 —.08
Skippon et al. (2008) 43 Mean speed and time to complete Simulator 41
Stephens and Groeger (2009) 48 Mean speed Simulator —.14 —.23
Underwood (2013; older 21 Average journey speed on rural  Real car —.09 —.31
novices) roads
Underwood (2013; older 26 Average journey speed on rural  Real car —.02 13
experienced) roads
Underwood (2013; young 49 Average journey speed on rural ~ Real car 33 .03
novices) roads
Zhao et al. (2012)° 108 Mean speed Real car 43 —.02

Summary effect
Fixed-effect model [95% CI]

24122,27] —.08[—.14, —.02]
Random-effects model [95% CI] f

28 (.21, .35]

Note: Charlton (2004) found a correlation of about .45 (number of participants = 30) between DBQ violations/error and speed in a driving simulator.
However, these correlations are inflated because some non-significant effects were not reported.

“The correlation coefficients were provided by the authors.

®The gap acceptance behaviour was regarded as a measure of speed.

“The correlation coefficient was estimated with the help of computer simulation, based on the data reported in Quimby et al. (1999a). The authors also
report a correlation of .21 between registered vehicle speed and a question in which participants were asked to rate themselves as slower or faster than other
drivers.

4 The sample consisted primarily of people who were in either the slowest or the fastest speed band when previously observed on the road (see Quimby et al.
1999a). This means that the DBQ-speed correlation in the full population will probably be somewhat weaker than the one reported here.

¢ We estimated the correlation coefficient based on median-split data reported by the authors. We applied a correction for dichotomisation. The authors also
reported DBQ-speed correlations with age and gender partialed out (r = — .36 for violations, » = — .05 for errors).

A random-effects meta-analysis was not possible because 7> was negative.

(B = .26 and .19, respectively) when age, gender and mileage were held fixed. However, when violations and errors were
both entered as predictors, together with gender, age and mileage, and a rank transformation was applied for increased
robustness of the model (Conover and Iman 1981), the error variable failed to be a statistically significant contributor to the
regression equation (8 = .03).
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Figure 4. Scree plots of the Driver Behaviour Questionnaire (DBQ) measured in four separate occasions, based on the Wells et al.
(2008a) dataset (number of participants = 975).

In a supplementary item analysis, we found that one item had an unusually strong correlation with accidents (Figure 5).
Specifically, the correlation between self-reported accidents and item 24 ‘Hit something when reversing that you had not
previously seen’ was .31. Table 6 reports cross-temporal correlations among the DBQ item and self-reported accidents.
The diagonal correlations were on average .11 higher than the off-diagonal correlations, which can be explained by the
fact that this item is an accident. Excluding the item reduced the DBQ errors-accidents correlation from .19 to .18
(see supplementary material, Table S3).

In an analysis of another longitudinal dataset (De Craen 2010; data provided by the author), we found that the DBQ
violations-accidents correlation was on average r = .09 across five separate measurement occasions. The mean number of
accidents per period was 0.05. Aggregation of both the DBQ and the accident data increased the DBQ violation-accidents
correlation to r = .19. For DBQ errors, the correlation increased from » = .03 to .04. These analyses were based on 382
respondents who had no missing values on any of the five measurement occasions.

Table 4. Pearson correlation coefficients between Driver Behaviour Questionnaire (DBQ) violations and errors and various external
criteria, based on the Wells et al. (2008a) dataset (number of participants = 975).

Surveys 1-4

Mean across individual surveys 1-4 aggregated
Violations — self-reported accidents .14 .24
Errors — self-reported accidents 11 19
Violations — gender (1 = male, 2 = female) —.18 —.21
Errors — gender (1 = male, 2 = female) .05 .06
Violations — age® -.29 -.32
Errors — age —.01 —.01

Violations — mileage 16 (26)° 19 (29)°
Errors — mileage —.01 —.02

Note: DBQ factors were obliquely rotated using the promax procedure. The mean number of accidents for surveys 1 — 4 was 0.23,0.13,0.19 and 0.17. The

mean total number of accidents across the four surveys was 0.72, with 56% of respondents reporting 0 accidents in all four surveys. The mean mileage for
surveys 1 — 4 was 3162, 3127, 6731 and 7431 miles. Surveys | and 2 covered a period of 6 months of driving. Surveys 3 and 4 covered a period of 12
months.

#1In studies with a broad range of ages, the correlation coefficient between violations and age tends to be stronger, about — .45 (Martinussen, Mgller, and
Prato 2014; Parker et al. 1995).

" Spearman correlation coefficient between parentheses. We calculated the Spearman correlation coefficient because mileage data has a highly skewed
distribution.
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Table 5.
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Linear regression analysis results for predicting self-reported accidents.

Non-transformed data

Rank-transformed data

Predictor variable B 95% CI B 95% CI

DBQ violations 0.26 0.19 0.32 0.24 0.17 0.31
Gender (1 = male, 2 = female) 0.09 0.02 0.15 0.12 0.06 0.18
Age 0.02 —0.05 0.08 0.01 —0.06 0.07
Mileage 0.06 0.00 0.13 0.10 0.04 0.17
DBQ errors 0.19 0.13 0.25 0.15 0.09 0.21
Gender (1 = male, 2 = female) 0.03 —=0.03 0.10 0.08 0.02 0.14
Age —0.05 -0.12 0.01 -0.07 —0.13 —-0.01
Mileage 0.10 0.04 0.17 0.16 0.09 0.22
DBQ violations 0.20 0.12 0.29 0.22 0.13 0.30
DBQ errors 0.08 0.01 0.16 0.03 —0.04 0.11
Gender (1 = male, 2 = female) 0.07 0.01 0.14 0.12 0.05 0.18
Age 0.00 —0.06 0.07 0.00 —0.07 0.07
Mileage 0.07 0.01 0.13 0.11 0.04 0.17

Note: The predictor variables and criterion variable are the mean of four surveys of the Wells et al. (2008a) dataset (number of participants = 975). DBQ
factors were obliquely rotated using the promax procedure.

7. Discussion

7.1 Correlations with accidents: a simulation study

We showed with a simple computer simulation that correlations with accidents have to be small, unless the accident data are
aggregated across multiple measurement occasions. This phenomenon has been known for at least 87 years (Newbold
1927), but is rarely acknowledged in the modern road safety literature (for an exception, see Af Wahlberg and Dorn 2009,
who provided an empirical demonstration in the context of stability of accident records).

We believe that our observation has important implications for road safety research. For example, in a widely cited
review article, Ranney (1994) recommended that research into differential accident involvement has to be abandoned
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Figure 5.

-l Correlation between DBQ item and accidents (DBQ and accident data aggregated across four surveys)
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Correlation between DBQ item and accidents (mean of twelve different-survey correlations)
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Pearson correlation coefficients between the 34 individual DBQ items and self-reported accidents for the Wells et al. (2008a)
dataset. The correlations were calculated for (1) aggregated data across the four surveys, (2) the same surveys (cf. mean of on-diagonal
correlations in Table 5) and (3) different surveys (cf. mean of off-diagonal correlations in Table 5).
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Table 6. Cross-survey Pearson correlation coefficients for the DBQ item 24: ‘Hit something when reversing that you had not previously
seen’ (number of participants = 975).

Accidents
DBQ item 24 Survey 1 Survey 2 Survey 3 Survey 4
Survey 1 24 13 .10 .07
Survey 2 .09 .19 .10 .09
Survey 3 .07 .07 17 .10
Survey 4 .09 .10 .10 24

Note: Mean r on-diagonal = .21, mean r off-diagonal = .10, mean r aggregated across the four surveys = .31. p < .05 for an absolute correlation
coefficient equal to or greater than .07.

because correlations are almost always very small. We would argue that this recommendation is misinformed because small
correlations are merely a statistical anomaly, not a fundamental objection against studying which types of drivers are likely
to be involved in an accident. Similarly, in an article entitled ‘Are We Over-Emphasizing Speed As An Accident Cause?’,
Stewart (1957) reported a correlation coefficient of .11 between 346 drivers’ responses to the question ‘What is the fastest
speed you have ever driven on a highway?’ and their accident involvement in the past 2 years recorded by the Department of
Motor Vehicles in California. The correlation coefficient between records of traffic citations and accidents was about the
same size (r = .09). Because the effects between speed and accidents were weak, the author argued that it would be well to
re-examine the usefulness of speed enforcement practices. However, in Stewart’s study, only 19% of drivers had been
involved in an accident, setting a strong upper limit to the magnitude of correlations that could have been expected (cf.
Figure 2). We believe that the ‘small correlation phenomenon’ in this case led to inappropriate recommendations
(regardless of the fact that correlation does not imply causation).

Our simulation rests on the assumption that drivers’ accident liability is exponentially distributed. In reality, the
accident liability distribution may be considerably more complex, and ‘contagious’, which means that the occurrence of an
accident affects the likelihood of future accidents for the driver (Fitzpatrick 1958). Different types of accident liability
distributions give different outcomes. For example, if one assumes a uniform distribution (i.e. k = 3 in Equation 1), then r at
0.5 accidents per driver is only .38 instead of .58. A normally distributed accident liability with a mean of 0.5 per driver and
a standard deviation of 0.1 (which reflects a situation where all drivers have some risk of being involved in an accident, with
only minor variation between drivers), leads to an r of .14. Indeed, correlations between any accident predictor and accident
counts are probably even smaller than the ones reported in Figure 2, for various reasons:

1. Drivers’ accident liability is dynamic and plastic. Furthermore, both driving skill (errors) and driving style
(violations) change as a function of factors such as biological ageing, experience and training (De Winter et al. 2009;
Stanton et al. 2007). Froggatt and Smiley (1964) argued that driver are susceptible to random ‘spells’ or periods of
distress during which their accident liability is temporarily elevated. The authors further argued that temporary
changes in accident liability are not only due to personal factors, but also due to changes in the environment. They
used World War [—during which the first accident proneness research was initiated, see Greenwood and Woods
(1919)—as an example of a period of much increased susceptibility to accidents.

2. It would be unrealistic to expect that a single predictor variable (let it be the DBQ or any other psychological trait)
would be an accurate reflection of drivers’ accident liability. As Peck (1993) pointed out: ‘No single variable, or set
of variables, can accurately predict the subsequent accident involvement rates of individual drivers’ (145).

3. The concept of accident liability is susceptible to ‘survivor bias’, that is, it is likely that the worst drivers have died or
left the job, a phenomenon which attenuates correlations due to restriction of range.

All in all, it is obvious that the ‘small-accident argument’ is invalid and should not be used as evidence against the
validity of the DBQ (or any other accident predictor), unless data on a large number of accidents has been gathered.

7.2 Correlations between the DBQ and registered accidents

For two of the seven available samples (retrieved from four separate publications), a statistically significant positive
association between DBQ violations and registered accidents was found (Jayatilleke et al. 2010; Sakashita et al. 2014). One
study by Schwebel et al. (2007) yielded a negative correlation between DBQ violations and state-recorded accidents. Note,
however, that this sample consisted of old (above 75 years) drivers, for whom violations are known to be less predictive of
self-reported accidents than for young drivers (Table 2; see also De Winter and Dodou 2010; Parker et al. 2000). For the
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four remaining samples (all reported in Af Wahlberg, Dorn, and Kline 2011), no statistically significant association between
DBQ violations and registered accidents was found.

Regarding DBQ errors, the observed effects were not statistically significantly different from zero for any of the three
available samples. There are, however, various methodological and data quality factors that may have moderated the
correlation between the DBQ and registered accidents. Either sample size and statistical power were small, or accidents
were recorded across variable time periods, or a multivariate analysis was conducted (which makes it difficult to disentangle
the direct effect of the DBQ in relation to accidents), or the number of recorded accidents was small. In Sakashita et al.
(2014), for example, only 3.7% of motorcycle riders were involved in a police-registered accident, which means that
correlations can never be substantially different from zero. Of course, not all drivers who have an (severe) accident are
caught by the police (see De Winter and Dodou 2012c, for a narrative description of more caveats of registered data).

7.3 Correlations between the DBQ and self-reported accidents: extension of De Winter and Dodou (2010)

This article upholds the findings of an earlier meta-analysis (De Winter and Dodou 2010), with an updated correlation of .13
between the DBQ violations and self-reported accidents (57,480 participants, 67 samples) and a correlation of .09 between
the DBQ errors and self-reported accidents (66,028 participants, 56 samples). The magnitude of the violations-accidents
correlation is consistent with correlations among registered variables. Peck and Kuan (1983) and Peck (1993) respectively
found that registered citation frequency correlates .12 and .17 with the number of police-recorded crashes. Note that the
DBQ responses and self-reported accidents included in our meta-analysis were measured concurrently. For cross-temporal
effects (including the effect of exposure) on the DBQ-accidents correlation, the reader is referred to De Winter and Dodou
(2012a, 2012c).

7.4  Moderator analysis of the correlations between the DBQ and self-reported accidents

We found, consistent with our computer simulation, that DBQ samples were more predictive of self-reported accidents if
the respondents reported a larger number of accidents (Table 2). Our moderator analysis further showed that the DBQ-
accidents correlations did not significantly correlate with the number of DBQ items, factors and response options. In other
words, it does not seem to matter which type of DBQ one uses; all DBQs seem to be similarly predictive of self-reported
accidents. Furthermore, the lack of correlation with publication year indicates that the DBQ research has not been affected
by the infamous decline effect (cf. Schooler 2011).

7.5 Correlations between the DBQ and speed

We showed that DBQ violations predict vehicle speed with an overall correlation of .26, while DBQ errors had a small
negative correlation (—.08) with speed. Although the observed correlation between DBQ violations and speed is fairly
weak and does not prove that the DBQ predicts accidents, it does add to the construct validity of the DBQ. It seems that
DBQ violations, mileage, speed, age and accident involvement, are variables which all intercorrelate with about equal
magnitude, thereby forming a positive manifold. In section 1.4, we described some mechanisms that can explain this
manifold. If we try to identify the root causes and answer the questions ‘why do some drivers drive faster than others?” and
‘why do some drivers make more errors than others?’, one cannot ignore the importance of biological factors, such as
individual differences in temperament and frustration (Eno Foundation for Highway Traffic Control 1948), age-related
physical/cognitive decline (e.g. Salthouse 2009) and testosterone levels (e.g. Evans 2006).

Recent studies have shown that violations are not volatile events, but stable across multiple years (De Winter 2013) or
even decades (Summala, Rajalin, and Radun 2014). Sansone, Lam, and Wiederman (2011) showed that criminal behaviours
correlated » = .39 with driving citations, whereas others have found that those driving powerful cars report more DBQ
violations (Krahé and Fenske 2002; Perepjolkina 2009). Tillmann and Hobbs (1949) concluded in the American Journal of
Psychiatry:

Truly it may be said that a man drives as he lives. If his personal life is marked by caution, tolerance, foresight, and consideration
for others, then he will drive in the same manner. If his personal life is devoid of these desirable characteristics then his driving will

be characterized by aggressiveness and over a long period of time he will have a much higher accident rate than his more stable
companion. (321)

On the other hand, environmental factors are also very important in explaining on-road behaviour, at least on the
aggregate level. Taken to the extreme, in Saudi Arabia, the only country in the world that bans women from driving (e.g. Al-
Atawi and Saleh 2014), gender differences in driving are very large for purely cultural reasons.
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7.6 Correlations between the DBQ and self-reported accidents: The principle of aggregation

We showed, by means of a re-analysis of a previously published dataset (Wells et al. 2008a), that violations and errors
correlated .24 and .19, respectively, with self-reported accidents when the DBQ and accident data were aggregated. This
dramatic rise of correlations compared with the average zero-order correlations of .14 and .11 across the four surveys
provides a confirmation of our simulation. Furthermore, this result is in agreement with the well-known principle of
aggregation, according to which the sum of multiple measurements is more representative and reliable than a single
measurement (Rushton, Brainerd, and Pressley 1983; see also Schmidt and Hunter 1999). The principle of aggregation was
also demonstrated using the De Craen (2010) dataset, for which the mean DBQ violations-accidents correlation was .09
when averaging across five individual measurement occasions and .19 after aggregating the DBQ and accident data across
these five measurement occasions (corresponding DBQ-error correlations were .03 and .04).

7.7 Associations between the DBQ and self-reported accidents: Regression analysis

Using regression analyses, we showed that the predictive effects of the DBQ were maintained when age, gender and
mileage were held fixed (8 = .26/.24 for violations and .19/.15 for errors, for non-transformed and rank-transformed data,
respectively). When both violations and errors were entered as predictors in the regression model, the violations appeared to
be a more dominant predictor of self-reported accidents than errors [and, similarly, see Rowe et al. (2015) for a bi-factor
modelling approach showing that violations but not errors/slips significantly correlated with accident involvement].

The question, however, is whether violations and errors should be simultaneously entered as predictors. DBQ violations
and errors are positively correlated (r = .52 for the Wells et al. 2008a dataset), and it is unclear whether this positive
correlation is due to acquiescence response bias or whether it reflects a true association. Some researchers (e.g. Gabaude,
Marquié, and Obriot-Claudel 2010; see also Supplementary material Tables S3 and S4) have used an orthogonal factor
rotation such that errors and violations scores are forced to be uncorrelated. Driving simulator research by De Winter et al.
(2007) and De Winter (2013) has shown that violations and errors may actually share a slight negative correlation
suggesting that drivers who violate the rules are actually skilful drivers. Considering that violations and errors probably
interact in complex ways, we recommend some caution when using a regression analysis on DBQ data.

Note that both our regression methods (i.e. linear non-transformed and linear after-rank transformation) yielded similar
results. This is in line with Gebers (1998) who showed that accident prediction methods ‘produced almost identical results
in terms of the relative importance and statistical significance of the independent variables’ (72) across different regression
methods (ordinary least squares, weighted least squares, Poisson, negative binomial, linear probability and logistic
regression).

7.8 ‘Hitting something when reversing’: an invalid item

We showed that the DBQ item ‘Hit something when reversing that you had not previously seen’ correlates relatively strongly
with the number of self-reported accidents, which is presumably because this item is an accident. Campbell and Fiske (1959)
stated that ‘validity is represented in the agreement between two attempts to measure the same trait through maximally
different methods’ (83). Including an item that is simultaneously predictor and criterion undermines the validity of a self-
reported questionnaire and ensures a positive correlation for this item (for similar discussion see Af Wahlberg, Dorn, and
Kline 2011). The creators of the DBQ already recognised this point in 1991: ‘The only suggestion that this lapse-proneness
contributes to accidents is in relation to the DBQ item dealing with hitting when reversing’ (Reason et al. 1991, 66).

7.9 Problems with the DBQ errors scale

When judging the totality of evidence in this article, it appears that DBQ errors correlate less strongly with accidents
than DBQ violations. In fact, until the late 1990s, it was believed that only violations, not errors, are predictive of accidents.
In a review article about the DBQ, Stradling et al. (1998) stated: ‘The frequency with which drivers report committing
violations ... but not the frequency with which they make errors ... or lapses ... has been shown to be related to recent
(last 3 years) crash involvement in the UK’ (33). Yet on the other hand, it is known that the majority of accidents are caused by
human error (Stanton and Salmon 2009; see also section 1.4). Arguably, humans are not particularly good at estimating how
many errors they really make, because errors happen unintentionally and often unconsciously whereas violations are
deliberate (cf., De Winter et al. 2014; Rabbitt and Abson 1990). Using numerical response options (e.g. from 1 to 10) instead
of qualitative response options (i.e., from ‘never’ to ‘nearly all the time’) may be a way to improve the validity of the DBQ
errors scale such that it becomes more sensitive to driving experience (Bjgrnskau and Sagberg 2005; see also De Winter and
Dodou 2010).
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7.10 Factorial invariance of the DBQ

Another possible concern with the DBQ is that of factorial invariance. Using a technique called exploratory structural
equation modelling, Mattsson (2012) concluded that a four-factor Finnish DBQ measured different factors for males versus
females, and for different age groups. A subsequent analysis by De Winter (2013) of a British version of the DBQ showed
that the factor loadings of male and female samples were highly similar (» = .98 for both the errors and violations factors),
hence fulfilling weak/pattern invariance. We encourage further research into the topic of factorial invariance. In empirical
data, strict factorial invariance seldom holds exactly (Millsap and Meredith 2007). Hence, we argue that psychometricians
should not set ‘unrealistic expectations’ (De Winter 2013, 776) by demanding the unattainable ideal of strict (or strong)
factorial invariance (Horn, McArdle, and Mason 1983). Furthermore, a lack of factorial invariance should be interpreted
from a psychological perspective (Millsap and Meredith 2007).

7.11 Concluding remarks

This study documented several new results on the relationship between the DBQ and accidents. We showed that
determining correlations between the DBQ and accidents is a difficult area of research because correlations are necessarily
small. However, when accident data are aggregated across multiple periods, DBQ violations and errors are found to
correlate about .20 to .25 with self-reported accidents.

The DBQ is an interesting tool that can be used to distinguish between intentional violations and unintentional errors.
The main limitation remains that the DBQ, like any other self-report questionnaire, is susceptible to socially desirable
responding, memory limitations, common method variance and the like. Our literature review indicated that DBQ
violations correlate fairly strongly with objective criteria, such as registered speed (r=.26), age (r = — .46, see
Martinussen, Mgller, and Prato 2014) and gender. However, in terms of the DBQ’s ultimate validation, a large-sample
association between the DBQ and high-quality accident data is still lacking.

Supplementary material for publication in Ergonomics

Supplemental data for this article can be accessed at http://dx.doi.org/10.1080/00140139.2015.1030460 and contains the
following information:

pdf file with supplementary tables

Table S1. Factor loadings of the Driver Behaviour Questionnaire (DBQ) items, based on the Wells et al. (2008a) dataset
(number of participants = 975). Two factors were extracted (violations and errors) and obliquely rotated using the promax
procedure.

Table S2. Factor loadings of the factor scores that were obtained by the factor analysis of the Driver Behaviour
Questionnaire (DBQ) items of the Wells et al. (2008a) dataset (number of participants = 975). Two factors were extracted
(violations and errors) and obliquely rotated using the promax procedure.

Table S3. Pearson correlation coefficients between Driver Behaviour Questionnaire (DBQ) violations and errors and
various external criteria (self-reported accidents, gender, age and mileage), based on the Wells et al. (2008a) dataset
(number of participants = 975). DBQ factors were orthogonally rotated using the varimax procedure (columns 2 and 3) and
obliquely rotated using the promax procedure after excluding item 24 (columns 4 and 5).

Table S4. Regression analysis results for predicting self-reported accidents. The predictor variables and criterion variable
were based on the mean of four surveys of the Wells et al. (2008a) dataset (number of participants = 975). DBQ factors
were orthogonally rotated using the varimax procedure.

MS Excel file with the following sheets

Sheet ‘Self-reported accidents’. Characteristics of the studies with correlations between the DBQ and self-reported
accidents.

Sheet ‘Recorded accidents’. Characteristics of the studies with correlations between the DBQ and registered accidents.
Sheet ‘Speed’. Characteristics of the studies with correlations between the DBQ and recorded vehicle speed.

Sheet ‘Excluded (comp DW2010 and AfW2014)’. Excluded studies and comparison with De Winter and Dodou (2010) and
Af Wahlberg, Barraclough, and Freeman (2014).
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Matlab scripts

Script 1. Script for the results of the simulation study.
Script 2. Script for the results of the meta-analysis of the correlation between the DBQ and self-reported accidents.
Script 3. Script for the results of the empirical demonstration.

Notes

1. Ozkan and Lajunen (2005a) found that the number of self-reported accidents across one’s lifetime correlated positively with the
respondent’s age, which is self-evident because the longer you have been a driver, the greater the chance of ever having been involved
in an accident. The paradoxical consequence of using lifetime accidents is that the most dangerous drivers (i.e. young drivers, who
have a high violations score) have the least lifetime accidents. Hence, we concur with Af Wahlberg (2003) that using accident counts
across varying time periods is ‘possibly not at all in agreement with what the researchers using this method have intended’ (481).

2. A fixed-effect model assumes that all studies estimate the same ‘true’ effect size. Accordingly, the effect sizes of the individual
studies are weighted by their inverse variances. A random-effects model assumes that the true effect size differs between studies and
aims to estimate the average of the distribution of these effects. As a result, the weights assigned to the individual studies by a
random-effects model are more homogeneous than the weights assigned by a fixed-effect model. Furthermore, the 95% confidence
interval of the summary effect is broader in a random-effects model than in a fixed-effect model.
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