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ABSTRACT
Aggressive driving behaviour has been related to the occurrence of risky situations and crashes. The current 
paper focuses on investigating individual characteristics as determinants of aggressive driving behaviour, 
with a specific focus on bicycle use. The analysis is based on a questionnaire survey conducted in a number 
of parking sites in the city centre of Thessaloniki, Greece. Aggressive driving was approximated as a latent 
variable with reported lane-changing behaviour, use of emergency lane on motorways and maximum speed 
in urban areas as its indicators. Sociodemographic characteristics and bicycle use were used as explanatory 
variables. The results showed that increase of aggressiveness had a positive relation to all indicators. Female 
respondents and older drivers were less likely to report aggressive behaviour. Also, bicycle users were less 
likely to be aggressive drivers compared to car drivers only. This finding shows that cycling could reduce 
aggressive behaviour and improve road safety.
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Introduction

As mobility in modern societies is still highly dependent on motor-
ized modes of transport, sustainability and driving safety are major 
issues to be resolved. Despite the decreasing trend of road casual-
ties, the ratio of deceased drivers in road accidents remains con-
siderably high (Commission 2015). Accidents can arise as a result of 
several factors which may involve vehicle attributes, topography of 
the road network, weather conditions etc. and last but not least 
driving behavior and human factors (Campbell et al. 2012; Janstrup 
2017). The effect of the latter has been primarily investigated within 
the realm of the traffic psychology research field. In particular, 
studies focusing on road safety have confirmed that driving beha-
vior is significantly affected by drivers’ attributes such as socio-
demographic characteristics (e.g. gender, age, experience), 
attitudes, life stress, cognitive workload, fatigue, emotions etc. 
(Aberg 2001; Fountas et al. 2019a, 2019b; Fylan et al. 2006; 
Lonero and Clinton 1998; Wang et al. 2014). Relevant literature 
points out that negative emotions such as anger, come to the surface 
as a potential consequence of the extensive subjection of drivers to 
stressful situations and lead to aggressive driving behavior (Dula 
and Geller 2003; Hennessy and Wiesenthal 1999; Laagland 2005; 
Qu et al. 2016). Driving aggressiveness has been highlighted as 
a major cause of dangerous behavior (Kaysi and Alam 2000; Liu, 
Chang, and Yu 2012) and is mostly expressed within the form of 
excessive lane changing, tailgating and speeding, verbal and physi-
cal aggression, gestures or hostile behavior (Tasca 2000). The afore-
mentioned actions are also related to the occurrence of hazardous 
situations, crashes, near misses, injuries, errors, violations etc. 
(Dahlen et al. 2012), while aggressive driving is also linked to higher 
emission levels (Hobeika, Jung, and Bae 2015; Rakha and Ding 
2003).

The concept of aggressive driving behavior has been approxi-
mated from different perspectives and its definition is surrounded 

by a certain degree of ambiguity. The main difference among the 
various approaches concerns the intentionality underneath the 

observed behavior of a driver in terms of deliberately harming – 
physically or mentally – the others or not. Following the aforemen-
tioned distinction, several definitions are used to describe the 
occurring forms of aggressive driving behavior. One of the most 
common categorization groups aggressive driving behavior in road 
rage and driving aggression (Shinar 2017; Tasca 2000). The first 
type refers to hostile driver behavior (even criminal actions) that 
aim at assaulting or harming the others while the latter is mostly 
related to risky behavior that derives as a consequence of individual 
recklessness or irresponsibility (e.g. sensation seeking, time saving 
etc.). In a testimony before a Congressional subcommittee, 
Martinez (1997) then director of the National Highway Traffic 
and Safety Administration (NHTSA) defined aggressive driving 
behavior as a situation where ‘an individual commits 
a combination of moving traffic offenses so as to endanger other 
persons or property’. This is a very inclusive definition referring 
both to risky driving (i.e., running red lights, weaving in traffic, 
speeding, tailgating, improper, or unsafe lane-changing) and vio-
lence (i.e., intentionally running a vehicle off the road, confronting 
a driver with a weapon, hand, and facial gestures, screaming, 
honking). Some similar definitions can also be found in Dula and 
Geller (2003) where dangerous aggressiveness is classified in actions 
that intend to harm the others (physical, gestural, or verbal in 
nature acts), negative emotions such as anger or anxiety that are 
not necessarily expressed as aberrant actions but through other 
forms (gesturing, horn-honking etc.) and finally, risky behaviors 
irrelevant to any intention of assault (e.g. accelerating, weaving, 
tailgating, traffic light violations). In a parallel line to the aforemen-
tioned approach, Richer and Bergeron (2012) distinguished 
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aggressive and risky driving by reporting that the latter is not 
necessarily a result of anger or hostility. Finally, Neuman et al. 
(2003)stated that driving aggressiveness can be considered as 
every type of risky behavior that involves recklessness, potential 
harmfulness, or accident occurrence, without examining whether it 
is an outcome of deliberate motivations.

Focusing on the emergence of driving aggression, negative emo-
tions, and more specifically anger, is widely cited in literature as 
a staple source. The notion of driving anger is well established in the 
field of psychology, mainly adapting the trait-state anxiety theory 
(Cattell and Scheier 1961; Spielberger 2010) and incorporating it 
within the anger context (Deffenbacher, Stephens, and Sullman 
2016; Deffenbacher et al. 2001). Moreover, there is a considerable 
body of literature that relates driving anger to aggressive driving 
such as hostile behavior (Deffenbacher et al. 2002), risk-taking (e.g. 
speeding, tailgating etc.) (Deffenbacher et al. 2003), increased num-
ber of lapses and errors (Berdoulat, Vavassori, and Sastre 2013; 
Kovácsová, Rošková, and Lajunen 2014; Sullman 2015) and viola-
tions (Lajunen, Parker, and Stradling 1998; Underwood et al. 1999). 
In a parallel approach, Zhang and Chan (2016) related driving 
anger to five types of driving outcomes, namely, aggressive driving, 
risky driving, driving errors, near misses, and accidents. The afore-
mentioned studies indicate a tightly bound – but not exclusive – 
relationship between anger and driving aggressiveness. However, 
driving aggressive or risky behavior is also triggered by other factors 
such as gender (Popescu 2015; Richer and Bergeron 2012; Vanlaar 
et al. 2008), age (Krahé and Fenske 2002; Lajunen and Parker 2001; 
Przepiorka, Blachnio, and Wiesenthal 2014), experience (Simons- 
Morton et al. 2017), personality (Dahlen et al. 2012; Ge et al. 2014; 
Krahé and Fenske 2002; Lajunen and Parker 2001; Przepiorka, 
Blachnio, and Wiesenthal 2014) or stress (Papadakaki et al. 2020). 
Also, Lennon and Watson (2015) reported that the perception 
about the other drivers, in terms of whether they are intentionally 
aggressive, is related to the own aggressiveness. Finally, Shinar 
(1998) mentioned that traffic congestion increases aggressiveness. 
This outcome was not nevertheless validated in a study conducted 
by Lajunen, Parker, and Summala (1999) where such relationship 
did not occur however, other studies have shown impacts of con-
gestion on aggressive driving behavior in post-congestion driving 
(Huang, Sun, and Zhang 2018; Li et al. 2020).

It is worth highlighting that within the context of the paper, as 
aggressive driving behavior was considered the definition of 
Martinez (1997), – which has been also adopted by the NHTSA 
(American Automobile Association 2009; Royal 2004) – related to 
unsafe driving only, excluding any acts of rage and physical or 
verbal violence. Under this perspective, the study aims in investi-
gating the relationship among specific types of aggressive behavior 
and its potential correlation with drivers’ characteristics, with 
a specific focus on bicycle use. In the existing literature, there is 
a number of studies that examine the differences in behavior, 
perceptions, and attitudes between drivers and cyclists/drivers 
toward cyclists and bicycle as a transport mode (Andronis et al. 
2018; Johnson et al. 2014; Rissel et al. 2002; Wood et al. 2009) and 
vice versa (Kazemzadeh et al. 2021; Paschalidis et al. 2017), percep-
tions related to sharing the road (Chataway et al. 2014; Kaplan and 
Prato 2016; Paschalidis et al. 2016) or crash and conflict occurrence 
between vehicles and bicycles (Chen et al. 2018; Prati et al. 2020, 
2018; Prato et al. 2016; Sloan et al. 2018). However, the effects of 
cycling on driving behavior, is not thoroughly examined. In a study 
by Fruhen and Flin (2015), no significant differences between 
cycling and perceptions respect to risk-taking occurred. Also, 
Kaplan et al. (2019) found that willingness to share the road as 
a cyclist or as a driver, correlates with pro-cycling social norms, 
positive attitudes toward cycling and toward cyclist behavior. In 

another study, De Angelis et al. (2017)reported that negative atti-
tudes toward cyclists influence the acceptance of an in-vehicle 
cyclist detection systems. Moreover, Møller and Haustein (2017) 
suggested that cyclists scored significantly lower ratings in the 
driving anger expression inventory (DAX-short), however DAX- 
short mostly focuses on the aspect of anger expression rather than 
road behavior per se. In a study funded by BikeRight!, The 
University of Salford, and Transport for Greater Manchester 
(Sherriff 2017) the impact of cycling awareness training on heavy 
goods vehicles (HGV) drivers was investigated. The training part 
included a classroom-based theory module and a practical cycling 
module. The findings of the study suggest that this type of training 
had a positive impact on driver attitudes and behavior not only 
toward cyclists but overall. However, the results of the BikeRight! 
Study cannot be considered as a definite as another study conducted 
by Gitelman, Korchatov, and Elias (2020) showed that young 
e-bikers can exhibit risky behavior that can endanger other road 
users, while also other studies have focused on risky cycling beha-
vior (Federico Fraboni et al. 2016; 2018; Puchades et al. 2018). Most 
of the aforementioned studies do not clearly show a correlation 
between aggressive driving behavior and bicycle use, but they pro-
vide some indications with respect to a potential relationship 
between them that justify and could enable for further 
investigation.

In order to investigate this research objective, a questionnaire 
survey was developed and administered to drivers in parking loca-
tions in the city of Thessaloniki, Greece. The questions were related 
to sociodemographic characteristics, bicycle use, and specific cases 
of aggressive driving behavior. The remainder of the paper is 
organized as follows: The next section presents the undertaken 
research also including descriptive and inferential statistics analysis. 
This is followed by the section of model specification and inter-
pretation of parameter estimates. The paper concludes with 
a discussion section of findings and implications.

Materials and methods

Description of the undertaken research

The objective of the study was to investigate whether car drivers 
who are also cyclists; active or inactive, are less prone in driving 
aggressively in comparison to car drivers who have no own cycling 
experience. For this purpose, a short supervised self-report ques-
tionnaire survey was conducted in the city of Thessaloniki in 
Greece (Konstantinidou 2013). Car drivers who completed the 
questionnaire were interviewed in a number of parking sites in 
the city center, adjacent to Egnatia Str., Agiou Dimitriou Str., 
Agias Sofias Str., Olympiados Str., Aristotelous Sqr., and Aristotle 
University of Thessaloniki campus area. In total, 300 questionnaires 
were collected in May 2013. In an earlier pilot study, no problems 
regarding the questionnaire were detected.

No data about the exact population of the car drivers in the city 
or the number of car drivers who are also cyclists were available. 
Therefore, no effort to generate a random or stratified sample was 
undertaken. Still, the city center of Thessaloniki is characterized by 
diversity in land use; residence, commercial, services, transporta-
tion, institutional, and public buildings, and recreational. Thus, it is 
expected that sampling bias was kept low and no driver category 
was severely underrepresented.

The questionnaire of the study consisted of seven items. These 
were driver’s gender, age, (car) driving experience, use, or former 
use of a bicycle as an alternate means of transportation, maximum 
driving speed in the city, lane-change behavior, and use of the 
emergency lane in highways. Consequently, the data were prepared 

2 E. PASCHALIDIS ET AL.



for analysis. Data screening revealed that the data were free of 
missing values, outliers, and unengaged responses (Tabachnick, 
Fidell, and Ullman 2007). The description of the questionnaire 
items is shown in Table 1 together with the descriptive statistics 
and frequencies of responses.

In the context of the current study, the two survey items related 
to lane-change and emergency lane use behavior, together with 
a categorical variable about the maximum speed in urban areas, 
were considered as indicators of aggressive driving behavior. The 
use of the aforementioned items as indicators of aggressive driving 
behavior is based on types of behaviors considered as aggressive by 
the NHTSA (Royal 2004) but it is also consistent with existing 
literature findings. For instance, excessive lane-changing behavior 
has been considered as a characteristic of aggressive drivers (Alonso 
et al. 2019; Dula and Ballard 2003; Miles and Johnson 2003) while 
the same also holds for the use of the hard shoulder (Dula and 
Ballard 2003; Liu and Lee 2005; Shinar and Compton 2004). Finally, 
aggressive drivers are more likely to adopt speeding behavior 
(Kondyli and Elefteriadou 2012; Tasca 2000; Vanlaar et al. 2008).

The model of aggressive driving behavior

Aggressive driving behavior is not directly measured or observed 
thus, it was treated as a latent variable approximated via its effects 
on the three questions-indicators of aggressiveness, reported in 
Section 2.1, namely, lane-change behavior (I1), use of emergency 
lane (I2) and maximum speed in urban areas (I3). For convenience, 
the indicators of aggressive driving behavior will be reported 

following the aforementioned numbering. The variables derived 
from the first questionnaire section were used to explain the latent 
variable. The interpretation of indicator numbering is presented in 
Table 2.

The model specification can be considered as an adaptation of 
a Rasch-type latent regression with manifest variables (Christensen 
et al. 2004; Wang and Wu 2011; Zwinderman 1991); however, the 
general latent variable approach of the current study stemmed from 
hybrid choice modeling approaches. As a recommendation, the 
reader is encouraged to peruse the work of (Abou-Zeid & Ben- 
Akiva, 2014), where the concept of latent variable is explained, 
while further notable and coherent references that also include 
case studies (Daly et al. 2012; Hess, Shires, and Jopson 2013; 
Mariel, Meyerhoff, and Hess 2013) are suggested. To be more 
concrete, the latent driving aggressiveness is defined as 
(Equation 1): 

αn¼ βXnþηn (1) 

where αn is the latent variable, Xn is a series of explanatory variables 
and β is a vector of parameters to be estimated. Finally, ηn is 
a normally distributed disturbance term of zero mean and σ2

η 
variance. In order to address model identification issues, the var-
iance of the disturbance term is usually fixed to unity. To obtain 
further information regarding driving aggressiveness, the latent 
variable is then used as an explanatory variable of the three indica-
tors. For the binary indicator (I1), the regular logistic probability 
was used, that takes the form shown in Equation 2: 

Table 1. Description and values of the variables.

Variable Description Categories Frequency %

Gender Gender of respondent Male 195 65.0
Female 105 35.0

Age Age of respondent 18–24 102 34.0
25–54 138 46.0
55–64 45 15.0

65+ 15 5.0
Driving experience Driving experience of respondent 0–5 years 116 38.7

6+ years 184 61.3
Bike use Use or former use of a bicycle in the city Motorcycle and car 51 17.0

Car only 121 40.3
Bicycle and car 93 31.0

All 35 11.7
Lane-change behavior The respondent attempts lane-change if his/her lane is more congested When necessary 202 67.3

Constantly 98 32.7
Emergency lane use The respondent drives on the emergency lane of motorways in order to 

travel faster
Sometimes 63 21.0
Only during 
congestion

34 11.3

Never 203 67.7
Maximum speed in urban areas 

(categorical)
The maximum speed of a driver when driving in an urban area Below speed limit 25 8.3

Speed limit 91 30.3
Above speed limit 184 61.3

Maximum speed in urban areas The maximum speed of a driver when driving in an urban area 
(km/h)

Min 
value

Max value Mean Std. 
Deviation

30.00 140.00 63.95 17.228

Table 2. Latent variable indicators’ categories.

Variable Categories Code

Lane-change behavior When necessary (reference)
Constantly I1

Emergency lane use Sometimes I21

Only during congestion I22

Never (reference)
Maximum speed in urban areas Below speed limit I31

Speed limit (reference)
Above speed limit I32
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LInk¼δ Ink¼0ð Þ

1
1þe μkþζkαn

þδ Ink¼1ð Þ

e μkþζkαn

1þe μkþζkαn
(2) 

where, δ is the value of the kth indicator of the nth individual, μk is 
a sample level constant of the indicator and ζk is the impact of the 
latent variable αn. The specification presented in Equation 2 applies 
for binary indicators, however, I2 and I3 had three potential out-
comes and thus, the aforementioned approach was not suitable. 
Usually, multiple-level indicators are of ordinal nature and the 
respective specification is the one used in Hess, Shires, and Jopson 
(2013). This was not the case though in the current study, as the 
potential outcomes were not of a clearly ordinal nature. Moreover, 
regarding the indicator of maximum speed, the multinomial logit 
specification allowed for deriving different types of effects for each 
speed group, which would not be feasible if treating the variable as 
continuous as this would involve a single parameter only, or ordi-
nal. Hence, the multinomial logit probability presented in 
Equation 3 was adopted (Train 2009): 

LInk¼
e μkþζkαn

P
m e μmþζmαn

(3) 

To address model identification issues, the μk and ζk parameters for 
a given indicator value were fixed to zero. This value was considered 
as the reference case while the interpretation of the other two 
indicator values was derived with respect to the former, using 
alternative specific parameters. This approach becomes more defi-
nite in Section 3.2, where the parameter estimated are presented.

Model estimation involved the joint likelihood maximization of 
all indicators conditional on the latent variable. The unconditional 
log-likelihood function included integration over ηn as shown in 
Equation 4: 

LL ¼
XN

n¼1
ln òηn

YK

k¼1
LInk

 !

f ηn
� �

dηn (4) 

where, f(.) is the density of the disturbance term in the latent 
variable. The integral was approximated with simulation using 
1000 Halton draws (Halton 1960). The model was estimated with 
the Simulated Maximum Likelihood approach using an adaptation 
of the Apollo package (Hess and Palma 2019), in R software.

Results

Descriptive and inferential statistics

The majority of the sample consisted of male drivers. Moreover, 
34% of the sample was younger drivers (18–24 years old) and 46% 
was 25–54 years old while the remaining 20% was older drivers. 
Additionally, approximately 61% of the sample had driving experi-
ence of at least 6 years or more. With respect to bike use, almost 
43% of the sample was current or former bicycle users, for trips in 
the city while 40% was private car uses exclusively. Participants 
were also asked regarding their maximum speed in the city. It is 
worth mentioning that previous research (Islam and Mannering 
2020) has highlighted that slow drivers may also pose a risk for the 
surrounding traffic. In order to capture the potential relation of this 
behavior with the aggressive driving, this variable was further 
transformed to consider these effects. Given that respondents 
reported maximum speed at the speed limit and below only, an 
approximation of the operational V85 was calculated. The value for 
the 85th speed percentile was 50 km/h, same as the speed limit in 
urban areas. Any value below 50 km/h was considered as a lower 
speed category while another category was considered for maxi-
mum speed values above the speed limit. Hence, the initial 

maximum speed variable was recorded as follows: (a) below speed 
limit (<50 km/h), (b) speed limit (==50 km/h) and (c) above speed 
limit (>50 km/h). Approximately 61% reported a maximum speed 
above the speed limit in urban areas. With respect to the first of the 
two questions related to behavior in highways, 67.3% of the drivers 
reported lane change only when necessary while almost 33% men-
tioned constant lane changes. Finally, 67.7% of the sample reported 
use of emergency lane and 20% sometimes while the remaining 
11.3% reported this type of behavior during congestion only.

Given the categorical and ordinal nature of the variables, cross- 
tabs chi-square and non-parametric tests used for the inferential 
statistics analysis. With this approach, it was aimed to derive further 
relationships between drivers’ aggressive behavior indicators and 
socio-demographic characteristics. The detailed cross-tabs and 
results of the inferential statistics tests are outlined in Table 3. For 
each of the aggressive driving behavior indicators considered in the 
analysis, the frequencies of the responses per category of respon-
dents’ socio-demographic characteristics and transport modes used 
are presented. When these latter characteristics were of categorical 
nature, the cross-tabs Chi-Square test was used. For ordinal char-
acteristics, it was applied either the Mann-Whitney U-test for 
binary indicators of aggressive driving behavior or the Kruskal– 
Wallis test for indicators that included more than two categories. 
The output of the former test provides the Mann-Whitney U and 
Wilcoxon test values together with a Z score that allows for the 
calculation of a p-value while the latter the test value together with 
the significance level.

Results of the inferential statistics analysis showed that the 
youngest group of drivers reported the highest rate of constant 
lane-changing when driving on a highway. This is followed by the 
group of 55–64 years old while none of the drivers above 65 years 
mentioned constant lane-change behavior. These outcomes consist 
an indication that younger drivers may be more aggressive than the 
rest age groups. With respect to bike use, exclusive car drivers 
reported the highest rate of constant lane-change behavior, fol-
lowed by car and motorcycle users. On the other hand, bike users 
reported the lowest constant lane-changing behavior. This finding 
may consist an indication that bike use can mitigate aggressive 
driving behavior.

Regarding the emergency lane use, the highest proportion of 
never using it when driving on a highway was reported by the 
drivers/cyclist group. On the other hand, the lowest proportion in 
the same question was observed for exclusive car users. The same 
drivers reported the highest proportions in ‘Sometimes’ and ‘Only 
during congestion’ responses. The next highest ratios for the 
‘Sometimes’ response were observed for drivers that used all and 
motorcycle and car users respectively. Similarly to the lane-change 
item, bike use was linked to less aggressive driving behavior.

Finally, male drivers reported higher rates of driving above the 
speed limit in urban areas. Additionally, decrease in the age group 
was linked to higher proportions of violating the speed limit. Also, 
less experienced drivers reported higher speed limit violation. 
Although there might be some confounding between driving experi-
ence and age, this outcome may still be an indication that more 
experienced drivers are less prone to speed limit violation. As a final 
remark, it should be mentioned that bike users reported significantly 
lower speed limit violations compared to the rest drivers.

Parameter estimates

The parameter estimates of the model specification presented in the 
previous section are shown in Table 4. The Table is divided into two 
main parts where the parameters of the latent variable and the 
indicators are distinctly outlined. To assess model fit of the 
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proposed (full) model, a second model (null model) was also esti-
mated. The latter only included the μ and ζ parameters from Table 4 
however, no other explanatory variables were considered. As shown 
by the likelihood ratio (LR) test, the additional explanatory vari-
ables significantly improved model fit. Moreover, the full model had 
smaller AIC and BIC values compared to the null model.

In order to further ensure that each explanatory variable sig-
nificantly contributed, the model was estimated step-wise (starting 
from the null model) adding one additional new explanatory vari-
able at a time. After each new estimation, the log-likelihood (LL) 
score of the new model was compared with the previous version 
using the Likelihood-ratio (LR) test. In brief, the test can be 
defined as: 

LR ¼ � 2 LLR � LLU� �

where LLR is the LL value of the restricted model (the one with 
fewer variables) and LLU is the LL of the unrestricted model (the 
model that includes the extra variables). The resulting LR statistic is 
asymptotically χ2-distributed and is compared with a critical value 
which depends on the degrees of freedom (difference in estimated 
parameters). If the LR statistic exceeds that threshold value then the 
null hypothesis that both models perform equally is rejected. The 
results of the various likelihood ratio tests are presented in Table 5. 
In all cases, the null hypothesis is rejected at 95% level which 
implies that the models with additional variables have 
a significantly improved LL score.

Regarding the latent variable specification, a negative association 
occurred with respect to the gender dummy variable, showing that 
female drivers are less likely to exhibit aggressive driving behavior. 
With respect to the effect of age, results showed that all age groups 
were less likely to be related with aggressive driving behavior 
compared to the youngest drivers. Regarding the use of bicycle, all 
dummy variables (including motorcycle use) had a negative impact 
on aggressive behavior, compared to the reference group of 

exclusive private car use. This finding indicates that experience of 
using a transport mode that classifies a user as vulnerable compared 
to cars, may affect toward the adoption of less aggressive driving 
behavior. The strongest negative impact occurred for car and 
bicycle users followed by those using all the available examined 
modes. This outcome indicates that bike use is related to less 
aggressive reported behavior compared, to the use of motorized 
modes (car solely or car and motorcycle). Moreover, users of car/ 
bicycle were less likely to report aggressive driving behavior com-
pared to users of car/motorcycle/bicycle. This finding may suggest 
that cyclists without experience of using any other motorized vehi-
cle than car are also less aggressive drivers. Overall, bike use was 
related to less reported aggressive driving behavior while the most 
aggressive behavior was reported by car drivers only which indi-
cates potential positive effects of cycling on the reduction of aggres-
sive driving behavior. Driving experience was tested as an 
explanatory variable but it did not have a significant effect.

The parameter estimates related to the indicators showed that 
the latent variable had a positive and statistically significant effect 
on all indicators. This outcome is consistent with the initial hypoth-
esis that an aggressive driver is more likely to be associated with 
increased lane-changing, use of emergency lane and speed limit 
violation in urban areas. It is worth mentioning that, with respect to 
the use of emergency lane, the parameters were compared to the 
case of ‘never use the emergency lane’, and the impact of latent 
variable is stronger on the I22 value, while a larger value was 
expected for I21.

As a final step, the significance of the effects of the age and bike 
use parameters on the latent variable were further investigated, in 
pairwise comparisons. The values of the parameter estimates pre-
sented in Table 4 refer to the difference with respect to the reference 
categories 18–24 years and car use only however, the significance 
among the rest of the parameters was not examined. In order to 
address this issue, the Delta Method was applied (Daly, Hess, and de 

Table 4. Parameter estimates of the model.

Variable Estimate t-ratio

Latent variable specification
Female dummy −0.8947 −3.15
Age dummy variables
Age 18–24 (reference) - -
Age 25–54 −0.2865 −1.39
Age 55–64 −0.7559 −1.99
Age 65+ −3.4520 −3.89
Bicycle use dummy varibles
Car only (reference) - -
Motorcycle and car −0.7076 −2.38
Bicycle and car −1.5565 −4.68
All −1.1958 −2.87
Indicators’ specification
μ1 0.3428 1.25
μ21 −0.4064 −1.39
μ22 −0.7027 −2.05
μ31 −4.2463 −2.97
μ32 2.5120 4.27
ζ1 0.9062 3.63
ζ21 0.5559 2.84
ζ22 1.2111 3.11
ζ31 −0.9984 −1.96
ζ32 1.2067 3.27
LL: −623.67
LL (null): −673.46
Likelihood ratio test: 99.58 (df = 7, χ2, crit .01 = 18.48)
AIC: 1281.34
AIC (null): 1366.92
BIC: 1344.31
BIC (null): 1403.96
Observations: 300
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Jong 2012). Following this approach, the standard errors and thus 
the t-ratios among the differences of all parameter estimates of 
interest can be calculated as a function of the parameter values 
and the covariance matrix of the estimates; however, the detailed 
illustration of the Delta Method is beyond the scope of the present 
work. The interested reader may refer to the cited paper of (Daly, 
Hess, and de Jong 2012) for further details. Table 6 presents the 
parameter values and t-ratios (in brackets) of the pairwise compar-
isons regarding the age and bike use parameter estimates. The 
parameter values were derived as the difference of a parameter as 
presented in Table 4, minus the value of the parameter considered 
as reference level while the t-ratios were computed via the Delta 
Method.

With respect to the age variable, the parameter estimates of the 
65+ age group are significantly smaller both compared to the 25–54 
and 55–64 age groups while no significant difference occurred in 
the comparison between the two aforementioned groups. 
Moreover, a significant difference occurred between the bicycle 
and car users and the motorcycle and car users’ parameters, indi-
cating that the effect of the former had a significantly more negative 
effect on the latent variable. On the other hand, no significant 
difference occurred between the parameter of the latter with the 
users of all three transport means. Also, the t-ratio calculated for the 
difference between ‘All’ and ‘Bicycle and car’ users were above 1 but 
still not statistically significant. However, these findings pointed out 
a specific pattern with respect to the relation of mode use and 
driving aggressiveness. To be more concrete, the effect of using 
any other mode of transport, apart from private car, had 
a significantly negative effect on driving aggressiveness, as this has 
been defined in the current study. This had been followed by the 
motorcycle and car users which is a group of drivers that still do not 
use bicycle and had significantly different behavior from bicycle and 
car users but not from drivers with stated use of all means of 
transport. Moreover, the stated behavior of the two bicycle-related 
groups did not significantly differ either. These findings indicated 
that the use of other modes that bring drivers in more vulnerable 
positions may moderate their aggressiveness when driving and this 
effect is culminating for those who apart from car only use bicycle.

Marginal effects

This section illustrates the effects of the latent variable on the 
probability of obtaining each indicator. The purpose of this analysis 
was to provide some more detailed insights regarding the model 
interpretation. The probability values were calculated using the 

parameter estimates presented in Table 4. To that end, two different 
approaches were considered. In the first approach, marginal effects 
were calculated for each individual per independent variable and 
indicator category. The average values are presented in Table 7. It 
should be mentioned that since the actual effect on an indicator is 
the product of the parameter estimate of an explanatory variable, 
times the respective ζ parameter (Table 4), the marginal effects 
represent the combined effect of the two parameters simulta-
neously. This first approach considered sample average values for 
all the explanatory variables. For each individual, marginal effects 
were calculated as: 

@pj

@xk
¼pj βjk�

XM

m¼1
pmβmk

 !

(5) 

where pj is the probability of a specific outcome for a given indi-
cator of aggressive driving behavior and xk represents the value of 
a specific explanatory variable of interest. Finally, pm is used to 
represent the probability values for all outcomes of a specific indi-
cator for a given individual.

In the second approach, the analysis focused on the effects of one 
variable at a time assuming all others being equal. To that end, for 
each of the explanatory variables of the latent variable, a sample 
average value was used, apart from the examined variable each time. 
Given that all explanatory variables were of categorical nature, the 
probability to obtain a specific indicator value was calculated for 
each level of the variables. For each indicator, the calculated prob-
abilities refer to the values compared to the reference category, 
without presenting the latter. As expected, the probability values 
of the reference categories can be calculated if the values presented 
in the aforementioned Figures are subtracted from unity (The sum 
of all probabilities is one). It should be mentioned that only the 
significant variables have been included in the analysis.

The results presented in Table 7 show that with respect to lane- 
change behavior, the age dummy for drivers above 65+ resulted in 
the highest increase in the probability of changing lane ‘when 
necessary’, compared to the ‘Constantly’ option. The next highest 
impact with respect to the ‘when necessary’ lane-changing behavior, 
occurred from the dummy variables related to bicycle use. This 
finding indicated that bike use had a stronger impact compared to 
age, gender, and the driver/motorcyclist category and supports the 
parameter interpretation presented in Section 3.2. Also, being 
a female driver resulted in an increase of the probability of this 
indicator as well. As expected, since lane-change was a binary 
indicator, the average marginal effects related to the ‘Constantly’ 

Table 5. Likelihood ratio tests’ results.

Variables LL Models compared LR Degrees of freedom χ2
(95%,df)

Null model (Model 0) −673.46
Bike use variable included (Model 1) −650.00 Model 1 vs Model 0 46.93 3 7.81
Gender variable included (Model 2) −644.86 Model 2 vs Model 1 10.27 1 3.84
Age variable included (Model 3) −623.67 Model 3 vs Model 2 42.38 3 7.81

Table 6. T-ratios derived from the delta method.

Age variable Bike use variable

Levels Levels
Age 25-54 Age 55-64 Age 65+ Motorcycle and car Bicycle and car All

Age 25-54 Motorcycle and car
Reference level Age 55-64 0.4694 - - Bicycle and car 0.8489 - -

-1.25 -3.06
Age 65+ 3.1655 2.6961 - All 0.4882 -0.3607 -

-3.7 -2.72 -1.21 (-0.85)
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category had the exact opposite values to the ‘when necessary’ 
option. Similar trends were also observed regarding the emergency 
lane use indicator. The eldest group had the highest impact in the 
probability of the ‘Never’ option, followed by the two variables 
related to bike use. These variables were also related to the highest 
decreases in the probabilities of the ‘Sometimes’ and ‘Only during 
congestion options’. Gender also had a strong impact compared to 
most of the age-related variables and the driver/motorcyclist cate-
gory. Finally, same findings also hold for the maximum speed 
indicator. With respect to the effects on the probability of the 
‘Above the speed limit’ category, the strongest impact resulted 
from the eldest drivers dummy and after that the bike-use related 
variables. Overall, being a driver above 65 years favored the most 
less aggressive behavior followed by bike use. Moreover, being only 
cyclist and driver had a higher increase to the probabilities of 
options related to less aggressive driving behavior, compared to 
be a cyclist, motorcyclist, and driver at the same time. This outcome 
highlights the potential beneficial effects of having a cycling experi-
ence toward adoption less aggressive driving behavior. Being 
a female driver also had a stronger impact toward less aggressive 
driving compared to most of the age-related variables and being 
a driver/motorcyclist. The next paragraphs present the results of 
the second approach of the marginal effects analysis.

Lane-change behavior indicator
The marginal effects plots of the lane-change behavior indicator are 
presented in Figures 1–3. As shown in Figure 1, the probability of 
a male driver to provide a ‘Constantly’ response was higher com-
pared to a female. Regarding age (Figure 2), a decreasing trend to 

observe a ‘Constantly’ response occurred, as the age group 
increased. The difference was stronger for the 65+ which is an 
expected outcome given that, as shown in Tables 4 and 6, the effect 
of the latter age group on the latent variable was significantly more 
negative compared to all other age groups. Finally, as shown in 
Figure 3, the probabilities of bike use-related categories were smal-
ler compared to the ones of non-bike users, indicating that bike 
users are less likely to be linked to excessive lane-change behavior. It 
should be mentioned that the magnitude of the presented probabil-
ities is dependent on the sample average values used and thus would 
change if different values were used. However, the relative relation-
ship between the categories of the independent variables would 
remain unchanged regardless which values would have been used 
as it is affected by the parameter estimates only.

Emergency lane use indicator
The analysis of the emergency lane use indicator is presented in 
Figures 4–6. Given that this indicator consisted of three responses, 
each figure presents the probabilities of the ‘Sometimes’ and ‘Only 
during congestion’ responses, as compared to the reference ‘Never’ 
response. Regarding the effects of gender (Figure 4), the same trend 
as in the lane-change indicator occurred, which is expected, given 
the model specification. The relative difference was higher for the 
‘Only during congestion’ response compared to the ‘Sometimes’ as 
the probability calculated for a female respondent was less than half 
of a male. Once again, the probability values were always smaller 
compared to the reference category (which is not presented in 
Figure 4). The trends of the effects of age (Figure 5) and bike use 
(Figure 6) were similar to those of the lane-change indicator as well. 

Table 7. Average marginal effects of independent variables.

Lane-change behavior Emergency lane use Maximum speed in urban areas

When necessary Constantly Never Sometimes Only during congestion At the speed limit Below speed limit Above speed limit

Female dummy 0.161 −0.161 0.140 −0.051 −0.089 0.148 0.083 −0.231
Age 25–54 0.052 −0.052 0.045 −0.016 −0.029 0.047 0.027 −0.074
Age 55–64 0.136 −0.136 0.119 −0.043 −0.075 0.125 0.070 −0.195
Age 65+ 0.622 −0.622 0.541 −0.197 −0.344 0.571 0.321 −0.892
Motorcycle and car 0.127 −0.127 0.111 −0.040 −0.071 0.117 0.066 −0.183
Bicycle and car 0.280 −0.280 0.244 −0.089 −0.155 0.257 0.145 −0.402
All 0.215 −0.215 0.188 −0.068 −0.119 0.198 0.111 −0.309

Figure 1. The effect of gender on the lane-change indicator.
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Figure 2. The effect of age on the lane-change indicator.

Figure 3. The effect of bike use on the lane-change indicator.

Figure 4. The effect of gender on the emergency lane use indicator.
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Moreover, the values of the ‘Sometimes’ response were higher 
compared to the ‘Only during congestion’ in both cases.

Maximum speed indicator
The marginal effects plots related to speed limit violation are 
depicted in Figures 7–9. With respect to gender (Figure 7), the 
probability for a male driver to provide a response above the speed 
limit (>50 km/h) is almost 0.7 ceteris paribus. On the other hand, 
the probability for a female driver is slightly smaller than 0.5 
(<50 km/h). Moreover, the probability of female drivers was 
higher for reporting maximum speed below the speed limit. 
Regarding age, there is a decreasing trend for >50 km/h response 
as the age group is increasing, while the largest difference was 
observed for the 65+ group. As expected, the opposite trend 
occurred for the below speed limit category. Finally, all others 
being equal, the probabilities of bicycle users to provide a -
> 50 km/h response were close to or smaller than 0.5. On the 
other hand, the same probability was above 0.6 for car and 

motorcycle users while it was almost 0.8 for car only users. The 
trends for responses below the speed limit were opposite however, 
with considerably smaller probability values.

Discussion

The current paper focused on the investigation of aggressive driving 
behavior. To that end, a short questionnaire survey was designed 
and administered to car drivers in a number of parking sites, in the 
city center of Thessaloniki, Greece. The survey itself was composed 
of questions related to sociodemographic characteristics, bicycle use 
and indicators of aggressive driving behavior. Given that the con-
cept of aggressive behavior is not a readily measurable, it was 
treated as a latent variable that affects participants’ responses to 
the respective questions of aggressive driving behavior. 
Sociodemographic characteristics and bicycle use were then used 
as explanatory variables of the latent variable of aggressive driving 
behavior.

Figure 5. The effect of age on the emergency lane use indicator.

Figure 6. The effect of bike use on the emergency lane use indicator.
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Figure 7. The effect of gender on the speed violation indicator.

Figure 8. The effect of age on the speed violation indicator.

Figure 9. The effect of bike use on the speed violation indicator.

TRANSPORTATION LETTERS 11



The parameter estimates of the model indicated that female 
drivers reported significantly less aggressive behavior, compared 
to male drivers. Moreover, respondents from the youngest group 
were significantly more likely to report aggressive behavior, com-
pared to older drivers. These findings were consistent with previous 
literature comparing the relationship between aggressive driving 
and gender or age. With respect to transport mode use, car-only 
users were the most likely to report aggressive driving behavior, 
compared to the rest road users. Finally, it is worth mentioning that 
participants using bikes were less likely to report aggressive driving 
behavior. Results of marginal effects analysis showed that after the 
eldest drivers, bike use had the highest impact toward less aggres-
sive driving behavior. This outcome suggests that cycling experi-
ence may be significantly related to safer driving behavior.

The findings of the present work require further investigation, as 
they are based on a simple and short survey which limited the 
possibility of deriving a wide range of findings. For instance, 
aggressive behavior might be expressed via some additional indica-
tors to those used in the current study such as speed limit violation 
in the past (Beck, Wang, and Mitchell 2006; Vanlaar et al. 2008), 
rather than maximum speed in urban areas as examined in the 
current work. Moreover, other individual traits and characteristics 
might influence aggressive driving behavior, while the former could 
also be related to bike use. This complex set of relationships could 
be investigated via more comprehensive survey structures or dif-
ferent data collection approaches as interviews or focus groups. 
Also, it should be mentioned that the findings only show 
a correlation between bicycle use and decreased aggressive beha-
vior, rather than a causal direction; this is a main limitation of the 
cross-sectional type of survey used. To the limitations of the study, 
it should be also added the potential presence of strategic bias or 
social desirability effects which can be sources of erroneous findings 
in all studies based on questionnaire surveys. To that, it should be 
added that in order to have representative results, this and similar 
questionnaire surveys should be administered in different cities in 
order to improve representativeness of the sample, as the indicators 
used to describe aggressive driving behavior may vary for indivi-
duals across different areas. In the current study, the results are 
based on a common understanding of these indicators by the 
respondents, based on analytical explanations provided during the 
data collection process by a trained student. The latter can be also 
extended in the explicit consideration of cyclist respondents to 
adequately capture the preferences of this group rather than the 
non-systematic approach that was followed in the current study. 
Also, in the current work, there was no distinction between active 
or inactive cyclists. Cycling frequency could potentially provide 
further insights with respect to the relation of bike use and aggres-
sive driving. In terms of model specification, findings from previous 
studies (Islam, Alnawmasi, and Mannering 2020; Islam and 
Mannering 2020; Islam and Pande 2020; Mannering 2018; 
Mannering and Bhat 2014) have highlighted that the use of random 
parameters can improve model fit. Moreover, when the mean 
parameter can have both positive and negative values, the introduc-
tion of random heterogeneity in the effect of an explanatory vari-
able can assist in capturing significant variance around an 
insignificant mean close to zero (Behnood and Mannering 2017). 
Omission of random heterogeneity in that case, would lead to 
a false assumption that this variable has no significant effect. 
Given the cross-sectional nature of the data in the current study, 
which may lead to less accurate recovery of heterogeneity (Hess and 
Train 2011) and also the significance levels of the results, the 
approach of random parameters was not followed.

The potential mitigating effect of bicycle use on aggressive 
driving could be exploited to reduce this type of behavior on the 

road. It is likely that drivers who are also cyclists express less 
aggressive behavior, as they have experienced the road environ-
ment from a vulnerable user perspective. For this reason, these 
drivers may adopt a more cautious and conservative driving style. 
This assumption is consistent with the results presented by 
Sherriff (2017), with respect to the effects of cycling awareness 
training for HGV professional drivers. Based on this example and 
the findings of the present paper, it is likely that driver training 
incorporating elements of cycling could benefit and improve 
driving culture, leading to safer and more sustainable driving 
behavior that will benefit transportation systems with higher 
bicycle use and greener driving styles.
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