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Abstract
In order to determine the critical elements influencing the frequency and severity of two-wheeler-related traffic 
crashes, this study explores these incidents along eleven years in Vienna. Applying sophisticated multivariate statistical 
approaches, a comprehensive dataset is used and includes variables about rider demographics, weather conditions, 
vehicle features, and crash circumstances to reveal intricate correlations and interactions among these elements. Is there 
significant and distinctive difference based on gender and age with specific conditions under which crashes are occur-
ring influencing different injury degree. Multiple regression undoubtedly points fields for action in statistically based 
findings providing the most important answer to this research: why there are so many crashes and what is leading cause 
of injured two-wheelers. The research yields insightful information that politicians and practitioners of road safety may 
use to improve two-wheeler safety regulations and lower the number of serious injuries and fatalities.

Highlights

• The stunning fact that just one rider in every fourteen may be uninjured
• Every second two-wheel rider sustain light injury and every eight severe
• Lane type, crash circumstance and consequence proves to be significant predictors for crash

Keywords Road safety · Two wheelers · Crash · Stepwise · Predictors · Regression

1 Introduction

Urban roads make 72% of road network in Austria and they do generate high traffic volume. Likewise, more often than 
not, they generate loses as well. Road crashes frequently result in injuries and financial losses. According to information 
available in the most recent road safety report for Austria shows the cost of road crashes in year 2021 was 2.8% of GDP 
or 11.2 billion euros of which 4801.407 € is cost generated by severe injuries. Almost one third of road fatalities recorded 
in Austria in year 2022 were among two-wheelers, 29% respectively [1].

From Fig. 1 above it is visible injury degree distribution among researched group of two-wheelers in Vienna. If we 
were to apply cost of light, severe and fatal injury from year 2022, then only those crashes in Vienna had cost of almost 
two billion of euros, 1.8 billion respectively.
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The primary objective of this study is to identify the leading characteristics of two-wheeler crashes in order to deter-
mine the trends in crash occurrence within the Vienna municipality between Year 2010 and 2020. Is there significant 
and distinctive difference based on gender and age with specific conditions under which crashes that are occurring are 
resulting in different injury degree.

To address this main problem of research it is performed: descriptive analysis to give summarized view of data; 
inferential analysis with focus on determining statistically significant differences, if any, among two-wheelers based on 
gender and age. Regression analysis is used to explain causal interconnection of continuous high number of crashes 
with certain predictors.

The persistent high and overall number of crashes did not receive the required social attention, and as far as the author 
is aware, no recent studies have more extensively investigated this trend. These factors served as the driving forces for 
doing this research.

2  Main research problem and research questions

The problem of research is defined by the question; which and how much individual factors can predict and generate 
continuous high number of crashes and injury severity at intersections/roads of urban centres among two-wheelers? 
The following research questions are defined in order to address the given research problem:

1. Is there significant and distinctive difference based on gender and age among riders with specific conditions under 
which crashes are occurring influencing different injury degree?

2. Which predictors and in what range of influence are predicting continuous high number of crashes involving two-
wheelers in Vienna’s urban city centre? Do they differ among bike, light and heavy motorcycle riders?

3  Methodological approach

Secondary analysis is used on original police data using sophisticated regression analytical methods in response to a 
defined knowledge gap. The goal is to identify key indicators and predictors that are significantly influencing the increas-
ing trend in the number of crash events involving two-wheelers in the city of Vienna.

On the original data collected by the police after each crash involving two-wheelers, which occurred at the intersec-
tions/roads of Vienna between 2010 and 2020, it’s applied cleaning, rearranging, and recoding on all variables, thus 
adapting them for IBM’s SPSS program to apply the more complex data processing techniques that this program allows. 

Fig. 1  Graphical distribution 
of injuries involving two-
wheelers along observed 
period
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Cleaning data included tasks of finding mistakes and/or missing information, inconsistencies, and inaccuracies in a 
dataset to enhance quality and guarantee dependable findings in analyses. Rearranging task included creation of new 
variables. Recoding task included coding variables in modalities spanning from less to high and/or from less danger-
ous to more dangerous. Cleaning, rearranging, and recoding variables in SPSS is crucial for preparing data for analysis.

IBM’s statistical software SPSS version 28 is used for all data analysis [2, 3]. The majority of its global users are scientists 
because of its unique characteristics for quantitative, in-depth data analysis. Models made with SPSS are a vital part of 
quantitative exploration since they empower the recognition of examples that would somehow go undetected, the 
detailing of forecasts, and the assessment of the experimental legitimacy of our perspectives [4–6].

Descriptive analysis does not go beyond data, and it is used to make statements about the data set used in this 
research. It will provide facts on injuries and crash specifications among two-wheelers in city of Vienna along eleven 
years of investigated period.

Inferential analysis is used to conclude (inferentia lat. = reasoning) whether the resulting difference between the two 
sets of entities is statistically significant or not. To check the significance of differences, chi square test is used and from 
its size and size of the number of entities the coefficient contingent is calculated, which shows whether the modalities 
in one independent variable significantly associate (correlate) with the modalities of the dependent variable. Inferential 
analysis used in this research was to test whether there is statistically significant difference based on gender, and age 
when crossed with other variables.

Every scientific study, in the opinion of Blaikie [7], should aim to provide an explanation for why a given phenomenon 
arises, occurs, persists, or changes. For this reason, explanatory analysis is performed. The question of what causes the 
crash event under study is answered with explanatory analysis, which looks for explanations. This is accomplished using a 
statistical process known as regression analysis. The various forms of this analysis lead to the discovery of key factors that 
substantially impact the variation of the phenomenon under study and forecast its progression. By using a multivariate 
approach, multiple regression analysis for categorical variables is applied. Multivariate analysis application is spanning 
among various and diverse fields of research, in environmental research for spatial predictions [8], financial services for 
exploring usage of banking apps [9] and medical research for visualizing and modelling changes [10] to mention a few.

In this research, criterion variable is constructed by taking year with the highest number of crashes as modality 
eleven and the year with the lowest number as modality one while all other years are distributed among them in terms 
of growth by size expressed in number. This approach allowed getting variable that vary in number of crashes to show 
what significantly affected the greater growth of crashes in Vienna involving two-wheelers. Power of two-wheelers 
that are covered with this research distinguish bike, light (maximum design speed not exceeding 50 km/h) and heavy 
motorcycle riders (maximum design speed exceeding 50 km/h).

As predictor variable in this multiple regression analysis using IBM’S CATREG are used predictors that predict varia-
tions of the mentioned criterion variable. The criteria behind what predictors to use is based on predictors obtained by 
variance analysis (F-test significant at the probability level of less than 5%). To look at the magnitude of the influence of 
individual significant predictors it’s applied the stepwise procedure. With this procedure, some predictors are gradually 
included in the regression equation in the order of significance (determined by the size of the F-test) and their multiple 
correlation (R) is calculated to expresses the determination coefficient  (R2 × 100) which tells us what the percentage of 
the common variance of the criterion variable and the individual group of predictors. In this way, with this stepwise 
procedure, we get an insight into how much individual predictors contribute to the explanation of the variation of the 
criterion variable by their inclusion in the regression equation. Cut-off value is F ≤ 10.000 due to low contribution in 
explaining variation of common variance at criterion variable. Through the height of the coefficient of the multiple cor-
relation and the coefficient of determination, it’s looked at what contributes to the explanation of the continuous high 
number of traffic crashes involving two-wheelers in recent eleven years of observation. Moreover, the two-wheelers 
data set was segmented into bike, light, and heavy motorcycle riders to examine if the same predictors predict crashes 
across all subsets or if there are differences between the three two-wheeled groups.

For this two-wheeler crash study, discriminant analysis is used to distinguish between three subgroups of two-
wheelers and the major contributing factors to crash events. Predictors coming from regression analysis are included 
in discriminant analysis territorial maps in SPSS visually represent the separation of different groups based on predictor 
variables, aiding in the interpretation of how distinct categories, such as types of two-wheeler crashes, are differentiated. 
By plotting these territorial maps, researchers can easily identify the boundaries and overlap between groups, enhanc-
ing the understanding of the factors that contribute to each crash type. This visualization tool is crucial for effectively 
communicating findings and developing targeted interventions to improve two-wheeler safety. This understanding 
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enables the development of targeted safety measures and interventions, ultimately aiming to reduce the frequency 
and severity of two-wheeler crashes.

In all scientific domains, multivariate approaches are becoming a more significant field of statistics. It is the most 
appropriate methodology to address this complex problem of road safety, as numerous studies have already confirmed, 
as it provides a more sophisticated analysis of data and relationships between variables as well as the ability to anticipate 
future results [11–14].

4  Descriptive analysis results

Total of thirty-seven variables presented with Table 1 below, were included in this research making sample of N = 16,045 
crash events recorded among two-wheelers in eleven years of observed period.

Along eleven-years of observed period, from 2010 to 2020, highest number of crashes is recorded in two last years, 
N = 1789 in year 2020 and N = 1746 in year 2019, worth mentioning is in none it was below 1000 crashes. Spring and sum-
mer are seasons that generated more than 60% crashes of two-wheelers at streets of Vienna that occurred dominantly 
in the beginning of the week, 50% of all crashes are recorded until Wednesday.

From Table 2 above it is visible that highest number of two-wheelers involved in crashes in the city of Vienna are with 
light injuries, 80% respectively. Severe injuries make 13% in researched sample followed by not injured riders. When 
looking at time of the day when crash event occurred, highest number was between 13 p.m. until 17 p.m. and lowest in 
late night hours, from 01 a.m. until 05 a.m. respectively. More than half of crashes recorded, N = 8516, are in spots with 
maximum of 50 km/h speed allowed. In crashes when driving manoeuvre was evidenced by police, the leading once 
were evading and spinning and/or drifting and consequently specific disregards to traffic rules when evidenced, were 
highest for keeping too small safety distance and priority violation. Participation in traffic in previously described way 
caused crash with stationary vehicle (N = 10,344) and guard rail/wall (N = 3948).

Those indicators of dangerous riding will be further investigated in following inferential analysis.

5  Inferential analysis results

Two-wheelers gender showed statistically significant differences when crossed with variables referring to age of rider, 
rider’s vehicle type and year of issuing first license. Strength of association expressed through coefficient of contingency 
was weak (CC < 0.1) and these results do not allow generalization but only shows tendency.

When it comes to age of two-wheelers, there is tendency that age differ significantly when crossed with temporal 
variables (artificial lighting, seasons, days in the week, amount of daylight, hours in the day assigned to sleep, work and 
rest), personal characteristics (gender, impairment, crash circumstance) and physical (intersection shape, lane type, street 
type, zebra marking). Due to CC < 0.1 we can talk about tendency and not firmly make conclusions.

Medium strength of association at level of contingency coefficient (0.2 ≤ CC < 0.3) allows conclusions that crashes 
involving older two-wheelers will be during night in later hours and months close to the end of the year. Older foreign 
two-wheelers sustain severe and/or death injuries in town zones with highest concentration of crashes in one-way streets 
when the most jeopardizing behaviour was noted; distraction, drugs/alcohol, fatigue and overtaking. The contrary is 
yielded for younger population of two-wheelers. At statistically significant level younger riders are involved in crashes in 
early morning hours in months at the beginning of the year. Moreover, they sustain light injuries and are predominately 
domestic population. Crashes in zones with low count of crashes along observed period include technical failure of 
vehicle, obstacle and health impairment and underpass or not defined facility in the spot.

Other influential variables that are at statistically significant level differentiate younger and older pedestrians involved 
in crashes are listed according to the size of chi-square test. They are all statistically significant at level of significance 
lower than 5% and they are: cycling path (χ2 = 718.573; df = 504; sig.001; CC = 0.202), crash involving person with mark 
“on the way to school” (χ2 = 741.496; df = 84; sig.001; CC = 0.210), general travel movement (χ2 = 923.655; df = 756; sig.001; 
CC = 0.233), immediate consequence (χ2 = 1362.499; df = 756; sig.001; CC = 0.280) and variable named riding manoeuvre 
(χ2 = 1565.616; df = 1176; sig.001; CC = 0.298).

Very strong strength of association at level of contingency ≤ 0.3 is telling us about older riders on light motorcycles 
that are involved in crashes during late night hours. Crash involved child and disobeying traffic rules was recorded. The 
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most dangerous ones; disregarding red light, irregular behaviour of driving against one-way and ghost driving. Younger 
bike riders had crash during early morning when children were not involved but disregarding of stated traffic rules was 
recorded along with braking out of column and too small safety distance.

Undoubtedly those results give right to make this generalization to all Austrian population.

Table 1  Categorial variables 
included in research

Mean Standard 
deviation

Vehicle
 Two-wheeler type 1.47 0.723
 Vehicle condition 1.01 0.219

Temporal
 Days of the week 3.59 1.813
 Hour in a day 14.75 4.551
 Light conditions joint 2.22 1.087
 Road conditions 1.12 0.375
 Seasons 2.07 0.932
 Weather joint 1.10 0.495
 Year 6.42 3.133

Road
 Cycling 1.70 1.751
 Intersection regulation 1.54 1.122
 Intersection shape 2.75 2.145
 Lane type 1.75 0.582
 Road layout 1.28 0.655
 Road path 1.10 0.507
 Separation island 1.03 0.163
 Traffic lights 1.51 1.123
 Zebra 1.09 0.401

Environment
 Facilities 3.48 4.400
 Street type 3.79 0.424
 Town zone 6.48 2.502
 Traffic zone 1.03 0.226
 Rider 37.55 15.299

Age
 Children 1.05 0.219
 Circumstance 1.59 1.032
 Consequence 2.92 3.097
 Crash type 6.21 2.578
 Driving maneuver 2.85 3.296
 Gender 1.72 0.449
 General travel direction 1.73 1.192
 Impairment 1.08 0.539
 Nationality 1.22 0.415
 Behavior 7.00 3.586
 School 1.00 0.064
 Speed 5.76 2.955
 Traffic rules 2.14 2.630
 “Hit and run” 1.01 0.088
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6  Regression analysis results

A total of thirty-seven variables were included in regression analysis and F-test bigger or equal to cut-off value 10.000 
extracted those twelve predictors using CATREG procedure which significantly predict the increasing size of the crash 
event involving two-wheelers in streets of Vienna. CATREG is developed by Leiden University and incorporated in IBM’s 
SPSS making it only correct choice when preforming regression with categorial variables. Results are presented with 
Table 3.

The first predictor in the model describing amount of daylight is first predictor in the model with impact on the size 
of the crash event explaining around 10% of the common variance at criterion variable. Meaning that dark conditions 
with artificial lighting, are influencing crash occurrence but in small percentage. Next two predictors added in the model 
are referring to presence of “zebra” crossing and rider’s impairment. Not defined presence of “zebra” crossing and/or 
sideway island and other impairments combined with fist predictor are explaining 10.69% variation of common vari-
ance. When intersection regulation predictor is added in the model, the explanation of common variance at criterion 
variable is slightly increased, proving regulated intersections as spots generating more crashes involving two-wheelers 
than roundabouts. Next predictor in the model tells us that crash typology that wasn’t frequent in repeating itself along 
observed eleven increases explanation of common variance at criterion variable. When predictor intersection shape is 
added in the model, it explains 11.69% variation of common variance at criterion variable, meaning that higher crash 
occurrence at streets of Vienna is at five-leg intersections. Predictor describing intersection typology distinguishes general 
intersection typology that was applied until year 2017, roundabout, crossing with offset branches, and number of legs 
in intersection; 3, 4 and 5 respectively. When we add crash consequence in the model it increases explanation of com-
mon variance and causes first big “jump” significantly increasing explanation of common variance at criterion variable, 

Table 2  Distribution of injury 
degree according to age of 
riders

Rider’s age Total

≥ 18 18–21 22–29 30–49 50–69 70 ≤ N %

Injury degree
 None 158 91 291 420 185 17 1162 7.2
 Light 1064 775 2849 5249 2513 374 12,824 79.9
 Severe 109 102 322 832 573 95 2033 12.7
 Death 2 1 1 7 10 5 26 0.2

Total
 N 1333 969 3463 6508 3281 491 16,045 100.0
 % 8.31% 6.04% 21.58% 40.56% 20.45% 3.06%

Table 3  Results of stepwise 
regression analysis in 
contribution of multiple 
coefficients to the criterion 
variable—the size of the 
number of crash event

Highest “jump” in explanation of total variance coming from certain variables in model, meaning that they 
are very significant in further explanation of model as whole (in bold italics)

Criterion variable Predictor variables F test R R2 × 100 (%)

Size of the number of crash events Light conditions joint F = 13.763 r = 0.322 R2 = 10.36
Zebra F = 15.224 R = 0.327 R2 = 10.69
Impairment F = 15.859 R = 0.327 R2 = 10.69
Intersection regulation F = 16.724 R = 0.330 R2 = 10.89
Crash type F = 18.770 R = 0.336 R2 = 11.28
Intersection shape F = 25.538 R = 0.342 R2 = 11.69
Consequence F = 43.029 R = 0.853 R2 = 72.76
Crash circumstance F = 70.369 R = 0.891 R2 = 79.38
Separation island F = 70.417 R = 0.891 R2 = 79.38
Rider’s behaviour F = 76.277 R = 0.898 R2 = 80.64
Speed F = 81.876 R = 0.900 R2 = 81.00
Lane type F = 149.207 R = 0.913 R2 = 83.35
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72% respectively. Two-wheelers are more prone to rollovers due to their inherent instability and higher centre of gravity 
than they show to be prone to crash with stationary vehicle. These rollovers often occur during sudden manoeuvres or 
when navigating uneven surfaces, posing a significant risk to riders. Crash circumstance is next predictor in the model 
and the one referring to human factor causing next big “jump” in the model. When predictor—human factor is added 
it explains 79% of common variance to criterion variable. Typology and specifications of crash spot can be seen as fixed 
and harder for interventions than the human predictor is. Model shows that fixed predictors even when impairment is 
included, are explaining around 12% of common variance at criterion variable and more flexible ones, or the ones more 
prone to interventions, like human factor as predictor is indicating biggest influence in crash occurrence involving two-
wheelers in streets of Vienna. Spanning from not defined and not listed in crash causing circumstance, this predictor is 
capturing irregular behaviour that was applied until year 2017 across visual restrictions, to carelessness and/or distrac-
tion and boarding/disembarking from public transport where latest modality is mixture of aforementioned predictors. 
Highest crash occurrence for two-wheelers is when there is registered two or more dangerous actions. Next predictor 
is model is safety measure “separation island” and with it, model still explains 79% of variation at criterion variable. This 
predictor confirms highest crash occurrence that involves two-wheelers in Vienna is in sideway spots more than in spots 
characterized with separation island. Traffic situation changes more when rider’s behaviour predictor is added in the 
model. Technical failure, obstacle on the road and health impairments are predictors with lower crash occurrence when 
compared with more severe impairments. Highest crash occurrence involves two-wheelers that are participating in traffic 
intoxicated, drugged, distracted, and violating safety distance and/or red light. Adding maximum speed allowed in the 
model, explanation increases for 0.5%, explaining in total 81% of variation at criterion variable. This confirms higher speed 
as predictor for higher crash occurrence. Latest predictor in the model is traffic lane giving complete model that explains 
total of 83% variation at criterion variable. Lane predictor shows lanes with no directional carriageway as predominant 
crash spots than ascending/descending lanes.

Observing all predictors in model that are of importance for predicting the size of crash event involving two-wheelers, 
three are human characteristics and the others are road specifications. Stepwise procedure gives us the model that clearly 
indicated highest jumps in the model when predictors crash consequence, circumstance and lane type are included in 
the model. This clearly indicates interconnection of environment and traffic participants. If we want to eliminate 83% of 
crashes involving two-wheelers in Vienna, corrective measures directed towards those predictors are defined as starting 
points.

To further distinguish and look at predictors in each group of two-wheelers and find if they are aligned with those 
results or are different as there is difference among two-wheelers as well, three separate subsets are extracted, and 
regression analysis results are presented below.

6.1  Regression analysis in bike subset

A total of thirty-seven variables were included in regression analysis and F-test bigger or equal to cut-off value 10.000 
extracted those ten predictors using CATREG procedure which significantly predict the increasing size of the crash event 
involving bike riders in streets of Vienna. Results are presented with Table 4.

First predictor in the model is not contributing to significant explanation of common variance at criterion variable 
as it explains almost 3% of variation, but is shows regulated intersections with priority and/or stop sign as spots accu-
mulating higher crash occurrence involving bike riders. Next predictor is speed, and it causes “big jump” in the model, 

Table 4  Results of stepwise 
regression analysis in 
contribution of multiple 
coefficients to the criterion 
variable—the size of the 
number of crash event 
involving bike riders

Highest “jump” in explanation of total variance coming from certain variables in model, meaning that they 
are very significant in further explanation of model as whole (in bold italics)

Criterion variable Predictor variables F test R R2 × 100 (%)

Size of the number of crash events Intersection regulation F = 12.235 r = 0.161 R2 = 2.59
Speed F = 12.839 R = 0.633 R2 = 40.06
Lane type F = 20.848 R = 0.891 R2 = 79.38
Intersection shape F = 20.949 R = 0.892 R2 = 79.56
Crash type F = 21.247 R = 0.892 R2 = 79.56
Rider’s behaviour F = 30.935 R = 0.895 R2 = 80.10
Separation island F = 68.877 R = 0.896 R2 = 80.28
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explaining 40% of variation at criterion variable. Considering that speed developed by bike riders is more often than not, 
lower than light and heavy motorcycle, still is an important predictor showing higher speeds are predicting higher crash 
occurrence. Lanes with no direction carriageway are predicting higher crash occurrence involving bike riders at streets of 
Vienna. This predictor causes second “jump” in the explanation of variation at criterion variable, making model that so far 
explained 79% of crashes with predictors included. Predictor with intersections modalities increases a little bit explana-
tion of variation at criterion variable, reaching 80%. Highest crash occurrence for bike riders is intersection typology not 
further defined and lower at five and/or four-leg intersections. Crash typology predictor keeps the same percentage, 
80% respectively. This predictor indicates crash type that was not frequent in repeating itself along investigated eleven 
years’ time period contributes with other predictors in the model, in explaining high crash occurrence. Some of them 
are left agreement in left turn, pedestrian crossing road, right agreement in right-hand curve and crash with railway. 
Predictor riders’ behavior captures modalities from less severe ones e.g. obstacle, and/or technical impairment to more 
severe ones, e.g. drug and/or alcohol intoxication. More severe, intoxicated irregular behavior we find even in bike riders 
where with this predictor in model explanation increases a little, explaining 80.10% of variation at common variance. No 
separation island is crash spot specification generating more bike crashes than spots with separation island. This as well 
is last predictor in the model where total of 80.28% of variation at criterion variable is explained.

Observing all predictors in model that are of importance for predicting the size of crash event involving bike riders, 
three are human characteristics and three are road specifications. Traffic picture at Vienna indicates highest crash occur-
rence when intoxicated bike riders are speeding at regulated intersection areas that is not protected with corrective 
measure as separation island and crashing on the straight and/or right-hand curve. Proving that bike rider crashes often 
involve a combination of speed and intoxication, we are looking at hazardous situation for both the rider and others on 
the road. High speeds reduce reaction times and increase the severity of crash, making it difficult for riders to navigate 
obstacles or sudden changes in their environment. When combined with intoxication, the risks are exacerbated as alcohol 
or drugs impair judgment, coordination, and the ability to make quick decisions. This dangerous mix not only endangers 
the rider’s life but also poses significant risks to pedestrians, other cyclists, and motorists. The correlation between high 
speed and intoxication in bike crashes underscores the need for stringent measures to promote safe riding practices, such 
as enforcing speed limits and discouraging riding under the influence. Stepwise procedure gives us the model that clearly 
indicated highest jumps in the model when predictors speed and lane typology are included in the model. This clearly 
indicates interconnection of environment and bike riders as traffic participants. If we want to eliminate 82% of crashes 
involving bike riders in Vienna, corrective measures directed towards those predictors are defined as starting points.

6.2  Regression analysis in light motorcycle subset

A total of thirty-seven variables were included in regression analysis and F-test bigger or equal to cut-off value 10.000 
extracted those ten predictors using CATREG procedure which significantly predict the increasing size of the crash event 
involving light motorcycle riders in streets of Vienna. Results are presented with Table 5.

First predictor in the model already explains high, 74% of variation at criterion variable and in its modalities are crash 
consequences. Light motorcycle riders are more prone to crashes with stationary vehicles than rollovers. Variable “driving 
manoeuvre” describes riders’ movement and has modalities that are starting with none of mentioned, than spanning 
from evade riding to reversing, to mention a few of them. This predictor increases explanation of variation at criterion 
variable just a little bit and shows false and incorrect perception of traffic situation for light motorcycle riders in streets of 
Vienna. Highest crash occurrence involves riders reversing, cornering and/or insufficient right-hand driving and driving 
on the wrong side of the road. Those traffic situations are not reserved only for Vienna, as changing lanes and entering 

Table 5  Results of stepwise regression analysis in contribution of multiple coefficients to the criterion variable—the size of the number of 
crash event involving light motorcycle riders (L1)

Highest “jump” in explanation of total variance coming from certain variables in model, meaning that they are very significant in further 
explanation of model as whole (in bold italics)

Criterion variable Predictor variables F test R R2 × 100 (%)

Size of the number of crash events Consequence F = 12.244 r = 0.861 R2 = 74.13
Driving manoeuvre F = 12.996 R = 0.862 R2 = 74.30
Separation island F = 23.203 R = 0.863 R2 = 74.47
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lanes with forbidden direction is everyday situation on streets with riders which would be much harder to perform 
with personal vehicle. Third and least predictor in model is road safety measure—separation island where it proves to 
be part of crash spots involving light motorcycle riders (which was not the case in bike subset previously presented). 
Together those three statistically significant predictors make model explaining total of 74.47% of variation at criterion 
variable—the size of the crash event.

Light motorcycle riders are involved in crashes predominately involving stationary vehicles that often stem from a 
variety of risky behaviours, including reversing, driving on the wrong side of the road, and navigating around separa-
tion islands. When riders reverse or drive against the flow of traffic, they significantly increase the likelihood of crash 
with parked cars, as these actions are unexpected and give little time for correction. Additionally, separation islands, 
designed to enhance traffic safety, can become hazardous when riders attempt to circumvent them improperly, leading 
to unpredictable movements and reduced visibility. These behaviours not only endanger the light motorcycle rider but 
also create chaotic situations that can result in severe damage to stationary vehicles and potential injuries. Addressing 
these issues requires better rider education, stricter enforcement of traffic rules, and improved infrastructure to ensure 
safer road-sharing practices.

6.3  Regression analysis in heavy motorcycle subset

A total of thirty-seven variables were included in regression analysis and F-test bigger or equal to cut-off value 10.000 
extracted those ten predictors using CATREG procedure which significantly predict the increasing size of the crash event 
involving riders of heavy motorcycles that are exceeding speed 50 km/h in streets of Vienna. Results are presented with 
Table 6.

First predictor in the model is crash consequence and it explains 72% of common variance. Riders of heavy motorcycles 
are with higher tendency to rollover and/or fall from moto in crash event. Heavy motorcycle riders often face the risk of 
severe crashes and rollovers, which are less common among light motorcycle riders. While heavy motorcycles can become 
unstable and roll over due to their weight during high-speed manoeuvres or sudden stops, light motorcycle riders are 
more likely to experience crashes involving stationary vehicles, as their smaller size and agility lead them to navigate 
tighter spaces where such vehicles are parked. Consequently, the nature of crashes differs significantly between heavy 
and light motorcycle riders, necessitating distinct safety strategies for each. When added speed we notice first “jump” in 
the model, reaching higher speeds as predictor for explanation 75% of variation at criterion variable—the size of the crash 
event involving heavy moto riders. When added rider’s behaviour as predictor, explanation of common variance reaches 
75.51%, indicting heavy motorcycle riders participating in crash events when intoxicated, drugged, and/or distracted. 
Variable “crash circumstance” have modalities of irregular behaviour, visual restriction, carelessness and/or distraction, 
and least boarding or disembarking from public transportation. Adding this predictor in the model besides observing 
second “jump” in explanation of variation at criterion variable—the size of the crash event, we are looking at model that 
with previously mentioned predictors explains 81,54% of common variance at criterion variable.

Heavy motorcycle rider crashes often involve rollovers, higher speeds, intoxication, distraction, or boarding/disem-
barking from public transportation. The substantial weight of heavy motorcycles makes them more prone to rollovers 
during abrupt manoeuvres or high-speed travel, exacerbating the impact of crashes. Intoxication further impairs a rider’s 
judgment, coordination, and reaction time, significantly increasing the likelihood of crash event. Distractions, whether 
from mobile devices or environmental factors, compound these risks, diverting attention from the road. Additionally, 
the interaction with public transportation, such as buses or trains, can create hazardous conditions for heavy motorcycle 
riders, especially when boarding/disembarking or navigating around these larger vehicles. This confluence of factors 

Table 6  Results of stepwise 
regression analysis in 
contribution of multiple 
coefficients to the criterion 
variable—the size of the 
number of crash event 
involving heavy moto riders 
(L4)

Highest “jump” in explanation of total variance coming from certain variables in model, meaning that they 
are very significant in further explanation of model as whole (in bold italics)

Criterion variable Predictor variables F test R R2 × 100 (%)

Size of the number of crash events Consequence F = 11.170 r = 0.850 R2 = 72.25
Speed F = 14.123 R = 0.867 R2 = 75.16
Rider’s behaviour F = 28.373 R = 0.869 R2 = 75.51
Crash circumstance F = 45.211 R = 0.903 R2 = 81.54
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highlights the critical need for comprehensive safety measures, including rider education, stricter enforcement of traffic 
laws, and public awareness campaigns to mitigate the dangers faced by heavy motorcycle riders.

If we were to decrease 85% crashes involving all two-wheelers at streets of Vienna, then twelve predictors indicated 
with regression model pointed are calling for attention. Separation island, intersection regulation, crash circumstance and 
travel direction caused highest jumps in explaining the common variance at criterion variable meaning that multifaced 
approach is essential. This entails enforcing traffic laws more strictly and launching frequent public awareness campaigns 
about the value of safe driving habits. Infrastructure upgrades are essential. Examples include clean, well-kept roads, 
obvious signage, and designated pedestrian crossings. To make driving safer for everyone, government organizations, 
local communities, and citizens must work together.

Understanding and reducing the likelihood of bike crashes for 80% requires an understanding of road safety predictors 
in relation to speed and lane typology that among seven predictors caused highest “jump” in explanation of variation at 
criterion variable. By managing the flow of traffic, efficient intersection regulation, can dramatically lower the number 
of crash sites. The implementation of speed limits that are appropriate for particular road types and conditions is crucial 
for managing speed because higher speeds are associated with more severe injuries. By clearly defining travel routes 
and minimizing confusion, lane typology, which includes the design and marking of lanes, influences on rider behaviour 
can help prevent crashes. Enforcing speed limits in areas with high bicycle traffic can lower the risk of crash, providing 
a safer environment for all participants. Strictly monitoring and penalizing intoxicated bike riders is crucial to reducing 
the likelihood of crashes, as impaired cyclists are more prone to making errors that could lead to crash event.

When we observe more powered two-wheelers, three predictor variables are included in the model to predict light 
and four to predict heavy motorcycle crashes. Thus, significant reductions in motorcycle crashes can be achieved by 
addressing those specific factors for both light and heavy motorcycles riders. Research indicates that light motorcycle 
crashes can be reduced by 74% when interventions focus on implementing clear signage and barriers to discourage rid-
ing on the wrong side of the road and navigating around separation islands. Enhancing rider education on the dangers 
of reversing and the importance of adhering to traffic rules can reduce crashes with stationary vehicles. Additionally, 
improved urban planning with designated lanes can create safer environments and minimize the risk of crash event. For 
heavy motorcycles, an 82% reduction in crashes can be attained by targeting crash consequences, speed, rider behav-
iours, and circumstances. Lowering crash events involving heavy motorcycle riders requires targeted interventions such 
as enforcing stricter speed limits and implementing sobriety checkpoints to reduce the risk of rollovers and crashes due 
to higher speeds and intoxication. Enhancing rider education on the dangers of distractions can mitigate crashes caused 
by inattention. Additionally, improving infrastructure and designated boarding areas for public transportation can help 
create safer interactions between heavy motorcycle riders and other participants.

By concentrating efforts on these critical areas, the safety of all two-wheel riders can be significantly enhanced, leading 
to fewer crashes and safer roads. By closely analysing and optimizing these predictors, authorities can design safer road 
systems and enhance overall traffic safety. Observing this model, where riders’ way in which they participate in traffic 
are identified as predictors for the size of the crash event, it opens question whether transfer of knowledge and gaining 
skills for understanding traffic is adjusted to them and if it has pass key principles making roads safe for all participants. 
Measures and actions directed towards these predictors are with potential to significantly decrease number of crash 
occurrence involving riders in the city of Vienna.

7  Discriminant analysis results

Discriminant analysis on two-wheelers set was performed with significant predictors coming from regression analysis. 
Significant predictors included were joint lighting conditions, “zebra” crossing, impairment, intersection regulation, crash 
type, intersection shape, crash consequence and circumstance, separation island, rider’s behaviour, speed and lane 
type. Total of N = 16,045 crash records were analysed. Univariate ANOVA revealed and confirmed previous findings, two-
wheelers differ significantly on each of twelve predictors. Two discriminant functions were calculated. The first function 
accounts for 71.3% of discriminating ability of the discriminating variables and the second function accounts for 28.7%. 
The values of both functions were significantly different between two-wheelers, χ2 = 1078.455, df = 18, p = 0.001 and 
χ2 = 313.138, df = 8, p = 0.001. The correlations between predictor variables and the discriminant functions (≥ 0.300) sug-
gest that speed, rider’s behaviour, separation island, “zebra” crossing and immediate consequence were best predictors 
for first function while for the second one are speed and immediate crash consequence. Due to negative correlation in 
first function actually absence of “zebra” marking, technical failure or obstacle (rather than alcohol and drugs) make riders 
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crash with stationary vehicle (rather than rollover). Beside standardized canonical discriminant function coefficients, the 
structure matrix is another way of indicating the relative importance of predictors and is used to see if the same patterns 
are obtained. The cut-off value will not be applied in this analysis, allowing for a more comprehensive evaluation of the 
data set. This approach ensures that all data points are considered, avoiding potential biases introduced by excluding 
values below or above a certain threshold. Consequently, the analysis will provide a more accurate and complete under-
standing of the trends and patterns within the data. Largest absolute correlation between first function and separation 
island, crash type, intersection shape, “zebra” marking, and intersection regulation are observed. Only negatively related is 
“zebra” marking confirming crash spots are predominately predicted for spots without this safety measure. In the second 
function it is speed, crash consequence, rider’s behaviour, crash circumstance, lane type, light conditions and nature of 
impairment showing those predictors differentiating crashes among two-wheelers. Here is worth mentioning that lane 
type is negatively correlated indicating ascending and descending lanes better in predicting crashes than lanes with 
no directional carriageway. Second predictor in second function in negative correlation is rider’s impairment. Meaning 
that health and other impairments are better in predicting crashes among two-wheelers than narcotics. Figure 2 shows 
territorial map or graphical presentation of those results.

Fig. 2  Graphical presentation 
of the relationship between 
predictors and groups
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Looking at the first function on horizontal axis, it can be observed that bike riders are separated from both powered 
two-wheelers, light and heavy engine powered. Since, it is strongly positively correlated with separation island, crash 
type, intersection shape and intersection regulation, it suggest that bike riders are involved in very frequent crash type. 
They are crashes with stopping or parked vehicle and right-angle crashes at five-leg regulated intersections on crash 
spots without separation island. The second function separates light and heavy moto riders. Heavy moto riders are par-
ticipating in crashes intoxicated where their higher speeds are causing rollovers in lanes with no directional carriageway. 
Intoxication influences their judgment abilities, so distraction and/or involvement of public transportation is noted as 
crash circumstance.

Crashes involving two-wheelers are differentiated based on various contributing factors such as rider behaviour, road 
conditions, and vehicle dynamics. Discriminant analysis plays a crucial role in this differentiation by statistically identify-
ing which variables are most influential in predicting specific types of crashes, such as rollovers versus collisions with 
stationary objects. This method allowed creation of models that highlighted the distinct characteristics and risk factors 
associated with each group of two-wheeler. By understanding these distinctions, policymakers and safety experts can 
develop targeted strategies and interventions to mitigate the most common and severe types of two-wheeler crashes, 
ultimately enhancing rider safety and reducing overall crash rates.

8  Discussion

Large-scale data analysis is a difficult and time-consuming procedure. Statistical package for the social sciences (SPSS) is 
used in many road safety research [15–18] and reasons to use it in this research is due to efficient handling and analysis 
of large datasets it allows, providing reliable results that helps understanding the complex interaction between multiple 
factors like rider behaviour, environmental conditions and other.

The literature on road safety demonstrates a variety of methodologies and trends, ranging from how riders may be 
affected by sleepiness [19], associated costs [20], injury patterns [21], lifestyle and risky behaviour [22], analysis of factors 
affecting road safety [23] to recognition of need for integration broader urban sustainable measures [24].

Reduced traffic volumes can be linked to lower crash rates at night since fewer cars on the road lessen the chance of 
crash event. Though overall crash rates may be lower, it’s crucial to remember that nighttime crashes can still be more 
severe because of things like less visibility and a higher chance of driving while intoxicated. Statistically significant differ-
ences, chi-square, proved relative risk of death in night crash is 1.3 times higher than during daytime and being higher 
for motorcyclist than car occupants [25] that is aligned with results coming from research where very strong strength of 
association is revealed for older riders in Vienna during nighttime when disobeying traffic rules. Low engine size two-
wheeler riders are more likely to indulge in distracted driving and they used mobile phone more frequently [26]. The 
findings of the model estimation demonstrate that the intention of riders to break traffic laws and their propensity for 
crash events are significantly influenced by descriptive norm, conformity tendency, and past behaviour [27]. Regarding 
how gender might influence cyclists’ performance, the descriptive results indicate that women spend more time travel-
ling and undertake longer trips than men (30 s and 0.4 km difference for cyclists) [28]. Tendencies showed that in Vienna 
female riders use bikes more than heavy powered two-wheelers which are preference of male riders.

The multivariate statistical approach in road safety is a thorough methodology that evaluates multiple elements 
at the same time. This method offers a comprehensive comprehension of the intricate relationships impacting traffic 
safety. Patterns and connections between these factors are found using methods like regression analysis. For motorised 
two-wheelers, type of colliding vehicle has the highest influence on crash severity followed by collision type, driver age, 
and visibility of the road [29]. Application of stepwise regression allowed to identify lane type, crash circumstance and 
consequence as key factors driving variability in the dependent variable—the crash event involving two-wheelers in 
Vienna city centre. This allows valuable insights for the creation of safety-enhancing initiatives and policies. When dataset 
is split on bike, light and heavy moto riders’ regression models showed which predictors in each two-wheeled group are 
safety concerns allowing authorities to take proactive steps to lessen crash occurrence. Using driving simulation, the 
performance of drivers making right turns while different bicycle infrastructure treatments are present at intersections 
while segments was monitored, it was discovered that more people look right at protected intersections before making 
a right turn [30]. When modelling crash event in Vienna among bike riders, stepwise regression showed speed and lane 
type to cause highest jump of variance explanation to criterion variable. When comparing bike and moto riders, it is 
expected to find out that head injury risks of bicyclists increase with vehicle moving velocity [31]. Turning/crossing acci-
dents were the most commonly observed scenario where ‘looked but failed to see’ remains a key problem for powered 
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two-wheelers and bicycles [32]. In Barcelona, pedestrians and two-wheel motor vehicle occupants, besides accounting 
for two-thirds of motor vehicle injury cases, are the user groups with a greater risk of a more severe injury, as well as a 
higher chance of a hospital admission, independently of demographic and health care factors [33]. Regression model 
showed crash consequence as the most significant predictor for crash event involving light moto riders in Vienna, while 
modelling crash event involving heavy moto riders showed crash circumstance and speed as predictors of crash event. 
Traffic errors are the main predictor of crash risk for Indian riders [34]. The likelihood that two-wheelers will accept the 
essential lateral distance is strongly positively correlated with the type of two-wheelers, how they will evade obstacles, 
whether a platoon of two-wheelers will move, and their yaw rate ratio [35]. Crash types associated with high severity 
of two-wheelers are run-off-the-road and head-on crashes [36]. Speed significantly impacts crash risk and severity [37, 
38], with more often than not witnessing gap between perceived and objective risks [39] that in urban traffic can be 
translated in risk of hitting a pedestrian that among the different categories of powered two-wheelers, moped drivers run 
the highest risk [40]. Vehicles, such as cars and trucks, occupy more space on the road and often follow more restrictive 
traffic lanes compared to two-wheelers. Two-wheelers can manoeuvre through traffic more easily, often utilizing lane 
splitting in some regions to navigate congested areas and results showed that two-wheelers speeds are always consid-
erably higher than passenger car speeds [41–44]. When added finding that average experienced motorcycle riders and 
novice do not achieve breaking deceleration suitable for road traffic [45] than traffic situation is alerting and calling for 
action. Motorcyclist crash risk was also directly influenced by the number of miles ridden in the past 12-months [46].

Motorcycle training courses are essential for enhancing rider safety, teaching critical skills such as balance, manoeu-
vring, and hazard recognition. Present ones are calling for updates due to findings showing that those individuals who 
took beginning rider training courses were more likely to be involved in crash than those who did not [15, 47–49]. Training 
programs are out of scope of this research article but addressing critical age and experience related factors as proved 
with this research might be good direction in redefining our understanding of safety problem.

Integration of various data sources and the discovery of subtle insights available through the multivariate statistical 
method serves as instrument for enhancing road safety initiatives that promote safer transportation settings for all users 
of the roads.

Austria’s national safety program for road safety focuses on reducing traffic fatalities and serious injuries through a 
comprehensive approach involving education, enforcement, and engineering [50]. Key initiatives include enhancing 
public awareness campaigns, implementing stricter traffic law enforcement, and improving road infrastructure for safer 
travel. The program also emphasizes the importance of collaboration between government agencies, local authorities, 
and the community to achieve its safety objectives. Urban environment needs more attention and continuous studies 
if we as society, independent of place where we live want safe road networks were reaching zero deaths and injuries is 
target for all stakeholders.

9  Conclusion and recommendations

These findings provide the following conclusions with regard to the purpose and research problem previously estab-
lished. There are answers to research questions. Descriptive statistics served as crucial for summarizing and interpreting 
large datasets allowing transformation of raw data into understandable insights. Sample of all investigated two-wheelers 
involved in crash event in Vienna had 72% male and 28% female participants.

Statistically significant differences in crash data depending on age and gender reveal distinct patterns in crash involve-
ment. The data indicates that older riders on light motorcycles tend to have crashes during nighttime hours, while 
younger riders are more likely to crash in the early morning. In both age groups, a common factor contributing to these 
crash events is the disregard for traffic rules. This pattern suggests that targeted safety campaigns and stricter enforce-
ment of traffic regulations may be necessary to address the specific behaviours leading to these crashes in different age 
demographics.

The movement of cars, bikes, and pedestrians throughout a transportation network is referred to as general traffic 
movement. It is impacted by various elements, including road layout, traffic signals, and peak travel periods. In order to 
reduce traffic and maintain safety, efficient traffic flow depends on a well-coordinated infrastructure and efficient traf-
fic management techniques. On the other hand, interruptions such as crash, construction, and unfavourable weather 
patterns can greatly affect the efficient flow of traffic, resulting in delays and heightened likelihood of crash. Observing 
significant variables in the stepwise regression model for estimating the magnitude of a two-wheeler crash event, lane 
type, crash circumstance and consequence proved significant.
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Because they identified underlying risk differences and influences, the multivariate methodologies utilized in this 
research to unearth new understanding of contributing elements in the two-wheelers’ group have been valuable for 
every analysis conducted. The methodology applied has proven valuable for characterizing the circumstances of crashes 
and injuries in the metropolitan area of Vienna involving two-wheelers, thus holding potential for use in other developed 
urban centres.

Even with its valuable insights, this research has several limitations that must be acknowledged. The study’s scope 
might be confined to specific geographic regions, which can affect the generalizability of the findings to other areas 
with different road conditions, traffic laws, and cultural factors. The reliance on historical data may also fail to capture 
emerging trends or recent changes in road safety dynamics, such as the impact of new traffic regulations or advance-
ments in vehicle safety technology. Despite having large and representative sample, stepwise regression sometimes has 
potential of overfitting and biased parameter estimation. This research is limited by its inability to capture the impact 
of recent changes in traffic laws and regulations, which could significantly influence road safety outcomes. Additionally, 
the study does not account for the behaviour and involvement of all road participants, such as pedestrians and public 
transportation users, potentially overlooking critical interactions and risks associated with these groups. These omis-
sions suggest that the findings may not fully reflect the current and comprehensive dynamics of road safety, indicating 
a need for further research that includes these crucial factors. The lack of reported crashes poses a significant limitation 
in research. This gap can result in an underestimation of the true incidence and causes of crashes, hindering the develop-
ment of effective safety measures. Consequently, the findings may not accurately reflect the real-world scenario. Besides 
mentioned limitations, undoubtedly this research contributed to explanation of underlying factors in crashes involving 
two-wheelers in Vienna, but further research is needed in other traffic groups.
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