
 
 

Delft University of Technology

National correlates of self-reported traffic violations across 41 countries

de Winter, J. C F; Dodou, D.

DOI
10.1016/j.paid.2016.03.091
Publication date
2016
Document Version
Final published version
Published in
Personality and Individual Differences

Citation (APA)
de Winter, J. C. F., & Dodou, D. (2016). National correlates of self-reported traffic violations across 41
countries. Personality and Individual Differences, 98, 145-152. https://doi.org/10.1016/j.paid.2016.03.091

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1016/j.paid.2016.03.091
https://doi.org/10.1016/j.paid.2016.03.091


Green Open Access added to TU Delft Institutional Repository 

‘You share, we take care!’ – Taverne project 

https://www.openaccess.nl/en/you-share-we-take-care 

Otherwise as indicated in the copyright section: the publisher 
is the copyright holder of this work and the author uses the 
Dutch legislation to make this work public.

https://www.openaccess.nl/en/you-share-we-take-care


Personality and Individual Differences 98 (2016) 145–152

Contents lists available at ScienceDirect

Personality and Individual Differences

j ourna l homepage: www.e lsev ie r .com/ locate /pa id
National correlates of self-reported traffic violations across 41 countries
J.C.F. de Winter ⁎, D. Dodou
Department of BioMechanical Engineering, Faculty of Mechanical, Maritime and Materials Engineering, Delft University of Technology, Delft, The Netherlands
⁎ Corresponding author at: Faculty of Mechanical, Mari
Delft University of Technology, Mekelweg 2, 2628 CD Del

E-mail address: j.c.f.dewinter@tudelft.nl (J.C.F. de Win

http://dx.doi.org/10.1016/j.paid.2016.03.091
0191-8869/© 2016 Elsevier Ltd. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 21 January 2016
Received in revised form 29 March 2016
Accepted 29 March 2016
Available online 16 April 2016
Less developed countries are overrepresented in traffic accidents, but knowledge on national differences in aber-
rant driving behaviours is scarce. This study investigated relationships between traffic violationsmeasuredwith a
7-itemDriver Behaviour Questionnaire and traffic accident involvement for an international crowdsourced sam-
ple. At the level of respondents (N=6006), self-reported violations correlatedmoderatelywith self-reported ac-
cidents (Spearman ρ= .26). At the national level (N= 41), self-reported non-speeding violations (a composite
consisting of three types of aggressive violations, tailgating, and using a mobile phone without a hands-free kit)
correlated strongly with road traffic death rate per population (ρ = .77) and with developmental status
(ρ = − .79), whereas self-reported speeding violations (a composite of speeding on a motorway and on a resi-
dential road) did not (ρ=− .08 and .22, respectively).Moreover, self-reported non-speeding violations correlat-
ed strongly with mean annual temperature (ρ = .58), while self-reported speeding violations did not
(ρ = − .16). These cross-national correlates of traffic violations can be explained by developmental factors
that lead to violation-provoking traffic situations or by the effect of temperature on aggression.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

According to theWorld Health Organization (WHO, 2015), 1.25mil-
lion road traffic fatalities occur annually worldwide. In 2013, the road
traffic death rate per 100,000 population was 24.1, 18.4, and 9.2 in
low-, middle-, and high-income countries, respectively (WHO, 2015).
It is well established that less developed countries are overrepresented
in traffic accidents (Bishai, Quresh, James, & Ghaffar, 2006), but knowl-
edge on aberrant driving behaviours across countries is scarce.

One of the most popular tools in traffic psychology is the Driver Be-
haviour Questionnaire (DBQ), in which respondents indicate how often
they commit particular types of aberrations in traffic (Reason,
Manstead, Stradling, Baxter, & Campbell, 1990). A small number of stud-
ies have used the DBQ to investigate differences in traffic violations be-
tween countries. Özkan, Lajunen, Chliaoutakis, Parker, and Summala
(2006) collected DBQ data from six countries and found that Greek
drivers scored highest on aggressive violations (“Sound horn to indicate
your annoyance”, “Get angry, give chase”, and “Aversion, indicate hostil-
ity”), followed by Iranian and Turkish drivers; drivers in Great Britain,
Finland, and the Netherlands reported the lowest number of aggressive
violations. Conversely, drivers in Great Britain, theNetherlands, Finland,
and Iran reported more speeding violations than did Greek and Turkish
drivers. Wallén Warner, Özkan, Lajunen, and Tzamalouka (2011)
showed that Finnish and Swedish drivers reported fewer aggressive
but more speeding violations than did Turkish and Greek drivers.
time and Materials Engineering,
ft, The Netherlands.
ter).
Within the Arab Gulf, Bener, Özkan, and Lajunen (2008) found higher
violations scores for drivers in the United Arab Emirates than drivers
in Qatar and noted that the violations scores in both populations were
higher than those reported for European countries in other studies.

The aforementioned cross-national DBQ studies suggest that drivers
in Southern Europe report more aggressive violations but fewer speed-
ing violations than drivers in Northern Europe. This geographic distinc-
tion coincides with cross-national differences in developmental status,
which in turn are associated with the quality of road infrastructure, so-
cial norms, and traffic culture, including formal and informal rules
(Özkan et al., 2006). In Southern countries, poor road infrastructure,
weak law enforcement, and limited education about traffic rules may
create dangerous and stressful traffic situations that trigger aggressive
violations. On the other hand, due to the opportunity for speeding
granted by high-quality road infrastructure, drivers in Northern coun-
tries might commit more speeding violations than drivers in Southern
countries.

The North–South distinction coincides not only with developmental
status but also with temperature. Research suggests that aggression in-
creases with temperature, both across geographic regions (e.g., from
North to South in the United States, see Anderson, Anderson, Dorr,
DeNeve, & Flanagan, 2000) and across time (e.g., seasonal winter/sum-
mer effects, as reviewed by Anderson, 2001). By analysing 60 studies
and 45 datasets spanning from 10,000 BC to today and by investigating
the association between temperature/weather and various types of vio-
lence (violent crimes, domestic violence, murders, political instability,
civil conflicts, etc.), Hsiang, Burke, and Miguel (2013) concluded that
human conflict increases with temperature. At the level of the individu-
al driver, Kenrick and MacFarlane (1986) studied horn honking as a

http://crossmark.crossref.org/dialog/?doi=10.1016/j.paid.2016.03.091&domain=pdf
http://dx.doi.org/10.1016/j.paid.2016.03.091
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http://dx.doi.org/10.1016/j.paid.2016.03.091
http://www.sciencedirect.com/science/journal/
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result of a 12-s stall of a car in front of a green light over a four-month
spring/summer period in Arizona, and found a significant correlation
of .34 between ambient temperature and a composite variable of the
number of honks and the latency to honking. Temperature also seems
to be associated with economic productivity, although it is uncertain
whether the association is linear (Horowitz, 2009) or non-linear (see
Burke, Hsiang, & Miguel, 2015, suggesting that economic production
peaks at 13 °C). It remains to be investigated to what extent a country's
climate is associated with traffic violations.

In addition to developmental status and temperature, several stud-
ies have found small differences in personality (e.g., extraversion)
across Northern-Southern and Western-Eastern axes (e.g., Eysenck &
Chan, 1982; Furnham & Cheng, 1999; Lynn & Hampson, 1975;
Schmitt, Allik, McCrae, & Benet-Martínez, 2007). However, researchers
have questioned the validity of cross-national self-reported personality
scores, for the reason that respondents tend to compare themselves
with implicit standards from their culture (e.g., Heine, Buchtel, &
Norenzayan, 2008). One possible way to circumvent this methodologi-
cal issue may be to ask respondents about their behaviours instead of
their personal characteristics. For example, as part of the International
Test of Risk Attitudes (INTRA), Wang, Rieger, and Hens (2009, 2016)
asked respondents from 52 countries what they would prefer: “A pay-
ment of $3400 this month” or “A payment of $3800 next month”.
Large national differenceswere observed,with the percentage of partic-
ipants choosing the second answer correlating strongly (about .6) with
GDP per capita andmeasures of education enrolment and quality. These
correlations may be a direct effect of wealth on temporal discounting
(e.g., Becker & Mulligan, 1997) or may reflect national differences in
self-control and risk taking.

Similarly, in the present paper, we did not ask respondents about
their personality, butwe asked themhowoften they engage in violating
behaviours in traffic by means of the DBQ. The aim of this paper was to
investigate the relationships between self-reported violations, accident
statistics,mean temperature, and the developmental status of a country.
We define developmental status in terms of income per capita, life ex-
pectancy/median age, and education—the same types of variables that
define the Human Development Index. Considering that the most
cross-national study on traffic violations so far included six countries,
this paper expands the DBQ literature by including a large number of
countries around the globe, with large differences in developmental sta-
tus, temperature, and traffic accidents.

2. Methods

This paper makes use of four surveys conducted via the
crowdsourcing platform CrowdFlower (Table 1). Survey 1 contained 16
questions, including items on self-reported violations (by means of a 7-
item DBQ introduced by De Winter, 2013) and the number of accidents
in the last 3 years, and aimed to investigate violations-accidents correla-
tions at the individual and national levels (De Winter, Kyriakidis, Dodou
& Happee, 2015). Survey 2 consisted of 31 questions and investigated
the public opinion on auditory displays at various levels of automated
Table 1
Overview of the four surveys.

Survey 1 Survey 2

Data collection period June 16, 2014 16:57 to
June 17, 2014 13:36 GMT

September 2, 2014 13:0
September 2, 2014 17:5

All respondents 1854 2000
Respondents includeda 1428 999
Countries included 86 88

a Reasons for exclusion: (1) answering “No” to a question aboutwhether the respondent read
adhering to the survey instructions), (3) reporting an age older than 110 years, (4) not respon
never havedriven or drove 0 km in the last 12months, (6) country not identifiedby CrowdFlow
of the respondents per survey was also excluded (see DeWinter & Hancock, 2015, who found t
For Survey 3, respondents who gave a wrong answer to one or more of five questions in which
driving (Bazilinskyy &DeWinter, 2015). Survey 3 contained 67 questions
and investigated the public opinion on auditory, vibrotactile, and visual
displays for automated driving applications (Bazilinskyy, Petermeijer,
Petrovych, Dodou, &DeWinter, submitted for publication). Similar to Sur-
vey 1, Surveys 2 and 3 included a question on the number of accidents in
the last 3 years, and the sameDBQ items as in Survey 1. Survey 4 (data not
published before) contained the same questions as Survey 1, but with the
response options in reverse order, except for the question about accident
involvement.

The following variables were common in the four surveys and were
included in the current synthesis: gender, age, driving frequency in the
last 12 months, mileage in the last 12 months, number of accidents in
the last 3 years, violations as measured by the 7-item DBQ (De Winter,
2013), the respondent's country, and survey completion time
(Table 2). For respondents who participated in more than one of the
four surveys, only their first survey was included.

The survey completion time, the annualmileage, and theDBQ scores
(seven items and their mean) were rank transformed per survey (aver-
age rank for ties) and subsequently divided by the number of respon-
dents in the survey. Next, at the level of respondents, correlations
were calculated between: (1) gender, (2) age, (3) driving frequency,
(4) annual mileage, (5) the number of accidents in the last 3 years,
(6)–(13) the DBQ scores, and (14) survey completion time. At the na-
tional level, correlations were calculated between: (1) the respondents'
mean gender (1 = female, 2 = male), (2) the respondents' mean age,
(3) the respondents' mean driving frequency, (4) the respondents'
mean annual mileage, (5) the respondents' mean number of accidents
in the last 3 years, (6)–(13) the respondents' mean DBQ scores, (14)
the respondents' mean survey completion time, (15) road traffic death
rate per 100,000 population in 2013 (AccPopul) (WHO, 2015), (16)
road traffic death rate per 100,000 registered vehicles in 2013
(AccVehic) (WHO, 2015), (17) GDP per capita in 2013 (GDPcap)
(World Bank, 2015), (18) national performance in educational tests
(“adjusted all cognitive ability sum”; Rindermann, 2007), (19) life ex-
pectancy in 2013 (World Bank, 2015), (20) motor vehicle density
(cars, buses, and freight vehicles, but not two-wheelers, per 1000 peo-
ple) averaged over the years 2003–2010 (World Bank, 2015), (21) me-
dian age in 2014 (Central Intelligence Agency, 2015), and (22) mean
annual temperature for 1961–1990 (World Bank, 2011). All reported
correlations are Spearman rank-order correlations (ρ), which is the
equivalent of the Pearson product–moment correlation after rank trans-
formation (Conover & Iman, 1981).

At the national level, a principal component analysis was conducted
on the seven violations items as well as on the developmental status
variables. Correlations were calculated between the violations compo-
nent scores, on the one hand, and accident statistics, the developmental
status component score, gender, age, andmean annual temperature, on
the other. In order to investigate whether age and gender are con-
founders of the association between violations and accidents, a linear
regression was conducted for predicting road traffic death rates per
population and per registered vehicle, with the violations components,
age, and gender as predictor variables.
Survey 3 Survey 4

3 to
6 GMT

March 31, 2015 14:01
to April 1, 2015 4:49 GMT

December 24, 2015 10:01
to December 27, 2015 23:30 GMT

3000 3250
1452 2127
91 87

and understood the survey instructions, (2) reporting an age younger than 18 (thereby not
ding or selecting “No response” in one or more multiple choice questions, (5) reporting to
er, and (7) filling out the same surveymultiple times via the same IP address. The fastest 5%
hat in their CrowdFlower survey, the fastest 4% provided relatively inaccurate responses).
they had to recognize a sound (e.g., beep, horn) were excluded as well.



Table 2
Survey items included in the analysis.

Variable Question in the surveys Response options/Response
coding

Gender What is your gender? 1 = Female; 2 = Male; −1 = No response
Age What is your age? Numeric value
DriveFreq On average, how often did you drive a vehicle in the last 12 months? −1 = No responsea; 1 = Never; 2 = Less than once a month; 3 = Once a

month to once a week; 4 = 1–3 days a week; 5 = 4–6 days a week; 6 = Every
day

KmYearb About how many kilometres did you drive in the last 12 months? Surveys 1 and 4:−1 = No response; 1 = 0; 2 = 1–1000; 3 = 1001–5000; 4 =
5001–10000; 5 = 10001–15000; 6 = 15001–20000; 7 = 20001–25000; 8 =

25001–35000; 9 = 35001–50000; 10 = 50000–100000; 11 = More than
100000

Surveys 2 and 3:−1 = No response; 1 = 0; 2 = 1–1000; 3 = 1001–5000; 4 =
5001–15000; 5 = 15001–20000; 6 = 20001–25000; 7 = 25001–35000; 8 =

35001–50000; 9 = 50001–100000; 10 = More than 100000
NrAcc How many accidents were you involved in when driving a car in the last 3

years? (please include all accidents, regardless of how they were caused, how
slight they were, or where they happened)

−1= No response; 1 = 0; 2 = 1; 3 = 2; 4= 3; 5= 4; 6= 5; 7=More than 5

Vangereda How often do you do the following?: Becoming angered by a particular type of
driver, and indicate your hostility by whatever means you can.

Surveys 1 and 4: −1 = No response; 1 = Never; 2 = Hardly ever; 3 =
Occasionally; 4 = Quite often; 5 = Frequently; 6 = Nearly all the time

Surveys 2 and 3: −1 = No response; 1 = 0 times per month; 2 = 1 to 3 times
per month; 3 = 4 to 6 times per month; 4 = 7 to 9 times per month; 5 = 10 or
more times per month

Vmotorwaya How often do you do the following? Disregarding the speed limit on a
motorway.

Vresidenta How often do you do the following? Disregarding the speed limit on a
residential road.

Vfollowinga How often do you do the following? Driving so close to the car in front that it
would be difficult to stop in an emergency

Vracea How often do you do the following? Racing away from traffic lights with the
intention of beating the driver next to you.

Vhorna How often do you do the following? Sounding your horn to indicate your
annoyance with another road user.

Vphonea How often do you do the following? Using a mobile phone without a
hands free kit.

Vmeana – Mean across seven previous items (Vangered–Vphone)
Country – Respondents' country (automatically identified by CrowdFlower based on the

respondents' IP address)
Survey
timea

– Survey completion time (s) (automatically logged by CrowdFlower)

a For each survey, respondents selecting “No response” in one or more multiple choice questions were excluded from the analyses (see also Table 1).
b These variables were rank transformed per survey (average rank for ties) and subsequently divided by the number of respondents in the survey.
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3. Results

3.1. Analysis at the level of respondents

A total of 6006 unique respondents participated in one or more of
the surveys and fulfilled the inclusion criteria. Of these, 5238 participat-
ed in one survey, 646 in two surveys, 96 in three surveys, and 26 in all
four surveys. For recurrent respondents, only the first survey that they
completed was included in the analysis. The respondents' mean age
was 32.5 years (SD= 10.4), and 4301 (72%) were male.

Table 3 shows the Spearman correlation matrix at the level of re-
spondents (N = 6006). Vmean correlated positively with male gender
(ρ = .18), driving frequency (ρ = .17), mileage (ρ = .21), and self-
reported accidents (ρ = .26). The Spearman correlation between
Vmean and NrAcc was .26 (N = 1428), .21 (N = 999), .26 (N =
1452), and .28 (N = 2127) for Surveys 1, 2, 3, and 4, respectively.
3.2. Analysis at the national level

The 6006 respondents were located in 112 countries. The countries
with the largest numbers of respondents were India (n = 580) and
Venezuela (n = 381). To reduce sampling error, we selected the 41
countries with 25 or more respondents (same threshold as used in
research by De Winter, Kyriakidis, et al., 2015, and Kyriakidis, Happee,
& De Winter, 2015). The sample from the United States had the lowest
percentage of males (40%, N = 364) whereas the samples from
Algeria, Egypt, and Bangladesh were almost exclusively male (96%
[N= 25], 96% [N= 47], and 95% [N= 40], respectively). The youngest
sample was from Vietnam (mean age = 26.0, N = 80) and the oldest
sample was from the Netherlands (mean age = 39.9, N = 63).

3.3. Correlations between variables

Table 4 shows the Spearman correlation matrix for the 41 countries.
Vmean correlated positively with accident statistics per population
(ρ= .67) and per registered vehicle (ρ= .64). Looking at specific viola-
tions, Vangered, Vhorn, Vphone, Vfollowing, and Vrace correlated posi-
tively with accident statistics (ρs between .52 and .84), whereas
Vmotorway and Vresidential did not (ρs between − .03 and − .16).
Strong negative correlationswere observed between Vmean and the in-
dicators of developmental status (GDP per capita: ρ=− .63; life expec-
tancy: ρ=− .55; educational performance: ρ=− .66; vehicle density:
ρ=− .67;median age: ρ=− .52). Additionally, Vmean correlated pos-
itively with mean annual temperature (ρ = .47). Among the specific
types of violations, the strongest correlations with temperature were
observed for Vhorn and Vangered (ρ = .65 and .53, respectively).

3.4. Principal component analysis

The correlationmatrix at the country level indicates a large degree of
redundancy among the seven violations, as well as among the develop-
mental status variables (Table 4). A principal component analysis was
conducted to reduce the data and calculate component scores. Based
on the scree plot, it was decided to extract two violations components,
with one component representing non-speeding violations (high load-
ings on Vphone, Vfollowing, Vhorn, Vangered, and Vrace — the last
three being typically classified as aggressive violations; Lawton,



Table 3
Spearman correlation matrix at the level of respondents (N = 6006).

1.
Gender

2.
Age

3.
DrivFreq

4.
KmYear

5.
NrAcc

6.
Vangered

7.
Vmotorway

8.
Vresident

9.
Vfollowing

10.
Vrace

11.
Vhorn

12.
Vphone

13.
Vmean

14.
SurvTime

1. Gender
2. Age − .15
3. DrivFreq .06 .23
4. KmYear .07 .19 .48
5. NrAcc .11 − .09 .12 .15
6. Vangered .09 − .05 .08 .12 .15
7. Vmotorway .12 .02 .12 .16 .12 .26
8. Vresident .10 − .05 .11 .13 .13 .27 .54
9. Vfollowing .12 − .08 .06 .07 .17 .22 .32 .30
10. Vrace .09 − .09 .06 .10 .13 .26 .30 .32 .40
11. Vhorn .12 − .08 .11 .13 .22 .34 .18 .21 .17 .17
12. Vphone .09 − .06 .12 .16 .18 .23 .30 .28 .29 .28 .22
13. Vmean .18 − .09 .17 .21 .26 .58 .66 .67 .51 .46 .55 .56
14. SurvTime .05 .08 − .04 − .06 .07 .00 − .02 − .03 .01 − .06 .09 .04 .03

Note. p b .05 for |ρ| ≥ .03, p b .001 for |ρ| ≥ .05. Gender: 1 = female, 2 = male.
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Parker, Manstead, & Stradling, 1997) and the other component
representing speeding violations (high loadings on Vresident and
Vmotorway) (Table 5). A principal component analysis of the develop-
mental status variables yielded one general component, with strong
positive loadings on GDP per capita, educational performance, life ex-
pectancy, vehicle density, and median age (Table 5).

Non-speeding violations correlated strongly with accident statistics
(road traffic death rate per population: ρ = .77; road traffic death rate
per registered vehicle: ρ = .76), whereas speeding violations did not
(road traffic death rate per population: ρ = − .08; road traffic death
rate per registered vehicle: ρ = − .20). Similarly, non-speeding viola-
tions and the general component of developmental status correlated
strongly (ρ=− .79, see Fig. 1), whereas speeding violations and devel-
opment status did not (ρ= .22). Furthermore, non-speeding violations
scores correlated strongly with the percentage of males (ρ= .69; Fig. 2)
and young age (ρ=− .66), whereas the corresponding correlations for
speeding violations were not statistically significant (ρ=− .04 and .00,
respectively). Finally, mean annual temperature correlated strongly
with non-speeding violations scores (ρ= .58) but not with speeding vi-
olations scores (ρ = − .16).

3.5. Regression analysis

As indicated above, respondents in countries with higher accident
rates and higher self-reported non-speeding violations were younger
and more likely to be male, which raises the question of whether age
and gender are possible confounders. Tables 6 and 7 show the results
of linear regression analyses for predicting road traffic death rate per
population and per registered vehicle, with non-speeding violations,
speeding violations, age, and gender as predictor variables. We found
that the regression coefficient for non-speeding violations was equiva-
lent to the corresponding zero-order correlation, indicating that the
predictive validity of self-reported violations upholds when age and
gender are held constant.

4. Discussion

This paper presented a synthesis of four crowdsourced surveys and
investigated cross-national relationships of self-reported traffic viola-
tions as measured with the DBQ, accidents, and the developmental sta-
tus of countries. Data were collected from 41 countries, making this the
most cross-national DBQ study thus far.

At the level of respondents, we found a correlation between Vmean
and self-reported accidents of ρ = .26, which is considerably stronger
than corresponding correlations in past DBQ research (Pearson r =
.13, based on a meta-analysis of 57,480 participants and 67 samples;
De Winter, Dodou & Stanton, 2015), possibly due to the large variance
of the two variables in our international sample.

At the national level, self-reported non-speeding violations (a com-
posite consisting of three types of aggressive violations, tailgating, and
using a mobile phone without a hands-free kit), but not self-reported
speeding violations (a composite of speeding on a motorway or on a
residential road), correlated strongly with road traffic death rates,
mean annual temperature, and developmental status. These results
are consistent with past cross-national DBQ studies, which found that
aggressive violations are more prominent in countries with lower de-
velopmental indexes (Özkan et al., 2006; Wallén Warner et al., 2011).
The observed cross-national differences in traffic violations may be
caused by the high-quality road infrastructure of developed countries
providing an opportunity for speeding, and the poor road infrastructure
in less developed countries leading to frequent and dangerous interac-
tions between road users which incite horn honking and other viola-
tions (Özkan et al., 2006; Shinar & Compton, 2004). Moreover, in
order to violate the speed limit, such a limit must exist and drivers
must be aware of this limit. Differences in education and enforcement
may thus explain the national differences in traffic violations. For exam-
ple, 11% of Indian motorized two-wheelers do not possess a driver's li-
cense, whereas 20% have obtained their license without taking a
driving exam (Dandona, Kumar, & Dandona, 2006).

The positive correlation between a country's mean annual tempera-
ture and non-speeding violations complements earlier findings on the
association between temperature and aggression (e.g., Anderson,
2001; Hsiang et al., 2013). The possible pathways bywhich temperature
triggers violations cannot be established from the present data. It is pos-
sible that temperature affects economic activity (Burke et al., 2015),
which in turn influences road infrastructure and education about traffic
rules. It is also possible that temperature affects aggression directly (cf.
Kenrick & MacFarlane, 1986).

Yet another explanation of the cross-national correlations may be
that respondents in less developed countries were younger and more
often male (Table 4). It is well known that young males are overrepre-
sented in violations and accidents (Organisation for Economic
Co-operation and Development, 2006; Westerman & Haigney, 2000).
The national differences in self-reported gender/age may reflect true
gender/age differences of drivers in those countries. Indeed, self-
reported and objective age correlated substantially (ρ = .62, see
Table 4), and it is likely that themore developed countries hold a greater
proportion of female drivers (Maycock, 1997). The cross-national corre-
lationsmay also be amanifestation of response bias, as crowdsourcing is
more popular among older persons and females in the more highly de-
veloped countries (Ipeirotis, 2010; Ross, Irani, Silberman, Zaldivar, &
Tomlinson, 2010). Through a regression analysiswe showed that the re-
lationships between self-reported violations and accident statistics



Table 4
Spearman correlation matrix at the national level (N = 41 countries).

1.
Gender

2.
Age

3.
DrivFreq

4.
KmYear

5.
NrAcc

6.
Vangered

7.
Vmotorway

8.
Vresident

9.
Vfollowing

10.
Vrace

11.
Vhorn

12.
Vphone

13.
Vmean

14.
SurvTime

15.
AccPopul

16.
AccVehic

17.
GDPcap

18.
EducPerf

19.
LifeExpec

20.
VehicleDens

21.
MedianAge

22.
MeanTemp

1. Gender
2. Age − .75
3. DrivFreq − .29 .37
4. KmYear − .26 .45 .66
5. NrAcc .56 − .65 .01 − .25
6. Vangered .61 − .49 − .06 − .17 .41
7. Vmotorway .00 .04 .03 .19 − .12 .12
8. Vresident .04 − .15 − .01 − .08 − .09 .30 .66
9. Vfollowing .68 − .66 .02 − .05 .75 .65 − .04 .09
10. Vrace .43 − .53 − .29 − .38 .59 .45 .06 .11 .56
11. Vhorn .63 − .59 − .17 − .45 .72 .62 − .23 − .18 .62 .61
12. Vphone .51 − .50 − .13 − .21 .65 .64 .13 .18 .74 .59 .64
13. Vmean .62 − .61 − .11 − .29 .66 .80 .29 .38 .77 .68 .71 .87
14. SurvTime .56 − .58 − .28 − .48 .74 .46 − .15 − .10 .50 .53 .69 .55 .56
15. AccPopul .48 − .58 − .02 − .21 .70 .52 − .01 − .03 .62 .57 .72 .69 .67 .72
16. AccVehic .56 − .65 − .28 − .46 .68 .53 − .16 − .10 .54 .62 .84 .61 .64 .76 .85
17. GDPcap − .51 .61 .30 .65 − .68 − .51 .25 .06 − .48 − .68 − .78 − .59 − .63 − .75 − .68 − .84
18. EducPerf − .66 .67 .25 .49 − .65 − .64 .07 .06 − .53 − .53 − .87 − .53 − .66 − .74 − .74 − .90 .82
19. LifeExpec − .50 .52 .27 .48 − .69 − .42 .24 .17 − .48 − .64 − .71 − .57 − .55 − .80 − .74 − .86 .86 .77
20. VehicleDens − .62 .68 .34 .51 − .74 − .52 .19 .10 − .60 − .73 − .83 − .61 − .67 − .73 − .75 − .91 .92 .85 .87
21. MedianAge − .54 .62 .11 .26 − .70 − .41 .18 .18 − .52 − .71 − .77 − .44 − .52 − .66 − .74 − .82 .70 .76 .74 .81
22. MeanTemp .39 − .48 .11 − .22 .54 .53 − .14 − .05 .46 .44 .65 .34 .47 .59 .60 .61 − .62 − .70 − .53 − .61 − .66

Note. p b .05 for |ρ| ≥ .31, p b .001 for |ρ| ≥ .50. Gender: 1 = female, 2 = male.
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Table 5
Component loadings for violations (left) and developmental status (right).

Variable
Non-speeding
violations

Speeding
violations

Variable
Developmental
status

Vangered .80 .22 GDPcap .94
Vmotorway − .02 .90 EducPerf .91
Vresident .10 .91 LifeExpec .92
Vfollowing .86 .00 VehicleDens .97
Vrace .77 .04 MedianAge .87
Vhorn .85 − .31
Vphone .87 .14

For the violations variables, two componentswere extracted (non-speeding violations and
speeding violations) and orthogonally rotated using the Varimax procedure. The first
three eigenvalues of the correlationmatrix were 3.48, 1.79, and 0.57. For the developmen-
tal status variables, one general componentwas extracted. Thefirst two eigenvalues of the
correlation matrix were 4.25 and 0.33.

Fig. 2. Non-speeding violations score versus percentage of males per country (ρ = .69,
p b .001, N = 41). The area of the circles linearly corresponds to the sample size per
country. Country abbreviations are according to ISO 3166-1 alpha-3.
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remained the samewhen age and gender were held fixed (Tables 5 and
6), and so the moderating effect of age and gender seems to be small.

4.1. Data quality and the validity of the DBQ

Findings from aggregated analyses at the country level should not be
used to draw inferences about causal effects at the individual level, as
this would be an ecological fallacy (Apicella & Barrett, 2016; Bosker,
2007; Pollet, Tybur, Frankenhuis, & Rickard, 2014). For example, it has
been argued that anger expression is more common among drivers
who are more highly educated or have a higher socioeconomic status,
because these drivers exhibit self-confidence, feel stressed/busy, or
can afford a fine (Haukkala, 2002; Smart, Mann, & Stoduto, 2003;
Wickens et al., 2012). These observations at the individual level contra-
dict the cross-national data in the present study.

Caution is also neededwhen operationalizing specific types of viola-
tions as proxies for aggression. Driving conventions differ between
countries, and behaviours that are perceived as aggressive in one coun-
try may be acceptable within another (Wells & Beynon, 2011). For ex-
ample, although horn honking is considered a sign of aggression
(Shinar, 1998; Turner, Layton, & Simons, 1975), in some countries it
may be instrumental, for example to alert a driver (Dula & Geller,
Fig. 1. Non-speeding violations score versus developmental status score per country
(ρ = − .79, p b .001, N = 41). The area of the circles linearly corresponds to the sample
size per country. Country abbreviations are according to ISO 3166-1 alpha-3.
2003; Khanal & Sarkar, 2014). Note, however, that the survey question
asked about horn honking in association with annoyance (“Sounding
your horn to indicate your annoyance with another road user”).

Because crowdworkers tend to complete multiple tasks, they may
evolve into experienced research participants who are not representa-
tive of the general population (Chandler, Mueller, & Paolacci, 2014;
Stewart et al., 2015). The mean test–retest reliability (averaged across
all pairs of the four surveys)was ρ= .61 for Vmean, which is consistent
with test–retest reliabilities reported in the DBQ literature (see De
Winter & Dodou, 2012 for an overview). The corresponding test-rest re-
liability for age was ρ = .99, indicating a highly stable response.

With self-report questionnaires, it is possible that common method
effects inflate correlations at the level of respondents (Podsakoff,
MacKenzie, Lee, & Podsakoff, 2003). For example, mechanisms such as
social desirability, consistency motif, and acquiescence biases (yea-say-
ing and nay-saying) could have distorted the data. The violations-
accidents correlations were similar between Surveys 1 and 4 (ρ = .26,
N = 1428 vs. ρ = .28, N = 2127), despite the fact that Survey 4 had
the response options of the violations items (but not the accidents
item) in reverse order, suggesting that common method effects may
not be present in our dataset. It has been argued that common method
effects can also operate at the national level (Harzing, 2006; Mõttus
et al., 2012), with the educational status of a country being negatively
correlated with extreme or acquiescent response style (Meisenberg &
Williams, 2008). We believe it is unlikely that common method effects
could have caused the observed national correlations, because the de-
velopmental status variables were collected objectively and
Table 6
Linear regression analyses for predicting road traffic death rate per population (N = 41
countries).

Predictor variable β 95% CI t p ρ

Non-speeding violations 0.79 [0.50, 1.08] 5.42 b .001 .77
Speeding violations −0.10 [−0.30, 0.10] −1.00 .325 − .08
Gender (1 = female, 2 = male) −0.26 [−0.59, 0.07] −1.59 .121 .48
Age −0.25 [−0.56, 0.07] −1.55 .129 − .58

Variableswere rank transformedprior to the regression analysis. ρ is the zero-order Spear-
man correlation coefficient between the predictor and the criterion.



Table 7
Linear regression analyses for predicting road traffic death rate per registered vehicle
(N = 41 countries).

Variable β 95% CI t p ρ

Non-speeding violations 0.63 [0.35, 0.91] 4.54 b .001 .76
Speeding violations −0.22 [−0.41, −0.02] −2.26 .030 − .20
Gender (1 = female, 2 = male) −0.14 [−0.46, 0.17] −0.90 .373 .56
Age −0.34 [−0.64, −0.04] −2.25 .031 − .65

Variableswere rank transformedprior to the regression analysis. ρ is the zero-order Spear-
man correlation coefficient between the predictor and the criterion.
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independently from the self-report variables. Moreover, self-reported
non-speeding violations and developmental status correlated strongly
(ρ = − .79) while self-reported speeding violations did not (ρ = .22).
These findings support the discriminant validity of the DBQ and are in-
consistent with the notion of common method effects.

4.2. Practical applications

Knowledge on the correlates of unsafe driving behaviors across
countries is important for developing appropriate road safety policies.
The strong association between traffic violations and the developmental
status of a country, both in economic and educational terms, points to-
wards a need to invest in road infrastructure and in educating (young
male) drivers about the hazards of traffic violations. Installing air condi-
tioning in vehicles in warm countries may contribute to a reduction of
traffic violations (Anderson, 2001; Baron, 1977).
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