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Abstract

The Ocizla roundabout was built in the first quarter of 2021 of prefabricated elements. Due 
to inadequate placement of the roundabout, traffic accidents began to occur in which motor-
cyclists were predominantly involved. When driving towards the Ocizla roundabout, drivers 
are not able to keep the lane. Instead of following a slight right curve to enter the roundabout 
they drive straight ahead until entering the opposite lane or crash on the curb stone of the 
roundabout. The accident data and the results for traffic monitoring give strong evidence 
that the cause of the accidents cannot be technically explained. It is rather a question of 
Human Factors of space perception that has to be investigated to solve the problem.A traffic 
monitoring between 6th and 8th October 2021 with a representative sample of 156 vehicle 
was conducted. We detected 23 % of vehicles that run near to the centreline or even crossed 
it. The Human Factor Evaluation Tool (PIARC) showed a high Human Factors Risk Score. Ac-
cording to that only 32 % of drivers demands were met.Consequently, Human Factors coun-
termeasures have been planned and implemented. A first evaluation showed a significant 
improvement of the Human Factors Score: 76 % of drivers demands are fulfilled after imple-
mentation of countermeasures. This is a very good result – achieved only by low-cost optical 
measures without substantial building changes of the Oriza roundabout. The rehabilitation 
of an accident site with Human Factors is an effective way if accidents are not caused by 
technical issues but by wrong orientation, perception or even wrong expectations regarding 
the situation. It allows a pro-active approach to road safety.

Keywords: human factors, road safety, low-cost measures to improve road safety

1	 Roundabout Ocizla

State road R2-409 connects regional centres with settlements and urban areas from central 
to southwest Slovenia with a length of 102,8 km. It is a two-lane road with an average road 
width of 6,5 m-7,5 m with clear boundary lines and centreline. The allowed speed in the rural 
areas is limited to 90km/h. The traffic share of cars is 75.9 %, the share of motorcycles is 1 % 
and the share of other vehicles is 14.1 % with a traffic volume of about 2,400 vehicles per day. 
The surveyed road section is section 0311 between Kozina and Kastelec. It has an intersec-
tion with the motorway A1 Ljubljana – Koper. 
This section plays also an important role in the construction of one of the biggest infrastruc-
tural projects in Slovenia – the second track of the Divača-Koper railway line. With the start 
of the construction the number of trucks increased considerably and the traffic flow in the 
main direction was disturbed – especially for the vehicles from direction Ocizla. In order to 
let trucks join safely the R2-409 a prefabricated roundabout was installed in the first quarter 
of 2021.
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Figure 1	 Location of the prefabricated roundabout in R2-409/0311 with signing [1] 

1.1	 Road situation before

From East to West the R2-409/0311 runs between hills in a wide left curve. 160 m ahead of 
the roundabout is an off-level crossing where the main road runs under the motorway (AC-A1) 
overpass. With the installation of the roundabout new signs were set to inform road users 
about the change: a speed limit (70 km/h) together with a danger sign “roundabout” was set 
260 m ahead of the roundabout. A speed limit 50km/h was installed 110 m ahead. No other 
measures have been made to allow the detection of the roundabout. 

1.2	 Sight distance and visibility after

The visibility of the roundabout from East to West is limited as well as the overview about 
the course of the road. The roundabout is installed more at the right in the direction of the 
local road direction Ocizla and has a weak visibility. The colour of the prefabricated curbs 
(yellow - black) almost merge with the surrounding. That’s why the stopping sight distance 
is not adequate.

Figure 2	 Bad visibility of the roundabout and 
stopping sight distance [1] 

Figure 3	 Old misleading centerline [1]

The old centreline, running in the middle of the old left curve was not completely erased. So 
there is still a perceptible centreline which indicates a left curve instead a right turn entering 
the roundabout. It has a misleading effect.
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2	 Accident data 

2.1	 Traffic loads in the period from 1st January to 31st December 2019

Traffic loads come to its peak between May and August – which is a traditional time for mo-
torized excursions in Slovenia. There is a considerable traffic increase of two-wheelers on 
Fridays, weekends and public holidays, provided the weather is clear. More than 1000 sin-
gle-wheeled vehicles (two-way traffic) daily are recorded.

Figure 4	 Overview of traffic loads [16]

2.2	Typical accidents and accident data

Before the installation of the roundabout no accidents were reported from 2015 – 2020. After 
the roundabout was built there were 5 accidents, all of which involved only motorcyclists. 
In three cases, the drivers were seriously injured. Police reports revealed several traces of 
tire braking in front of and at the curb stones of the roundabout. This indicates additional 
accidents (collisions with curbs) which were not even reported. At the end of 2021 a heavy 
truck break through the roundabout causing major damage of the traffic facility. Based on the 
accident data the typical characteristics of the accidents are:

••unadjusted speed
••collision with the prefabricated curbs
•• the participants were motorcyclists.

That’s why a traffic monitoring was conducted.

2.3	Traffic monitoring 

From 6th to 8th October 2021 a traffic monitoring with a video camera was conducted with 
a statistical analysis of the driving position, the braking and irregularities in the trajectory 
(156 vehicles). While approaching the roundabout from the direction of Kozina we observed 
that 42 cars (27 %) are driving too close to the centreline. Additionally 22 cars (14 %) drifting 
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dangerously close to the centreline and even 14 cars crossed it (9 %). 96 cars (62 %) started 
breaking very early because their speed was too high to cope with the unexpected situation. 
This is a clear hint that the bad visibility of the roundabout and the misguiding effect of the 
centreline works in general and leads to misperception and driving mistakes. It causes for 
field-dependent drivers a heavy misorientation. So 50 % of drivers interfere with the traffic 
of the opposite lane. This is completely inacceptable from the point of view of traffic safety.

Figure 5	 Driving across the center line [17]

The accident data and the results for traffic monitoring give strong evidence that the cause of 
the accidents cannot be technically explained. It is rather a question of Human Factors that 
has to be considered to solve the problem.

3	 Human factors evaluation 

3.1	 What are human factors and their role in accidents 

Human Factors (HF) are defined as those psychological and physiological threshold limit val-
ues which are verified as contributing to operational mistakes in machine and vehicle han-
dling [4]. In the case of road safety, the Human Factors concept considers these certain road 
characteristics which pre-program the driver’s expectations how to drive. The Human Factors 
approach traces accidents back to their actual root-causes. The overall impression of the road 
and its surrounding is able to guide or irritate the driver, to stabilise or destabilise his driv-
ing performance and finally to pre-program the expectations about the roads course and the 
appropriate speed level. This overall impression is the basis of a self-explaining road design 
that uses design elements, marking, equipment, landscaping and signing to pre-program right 
expectations how to drive and to avoid accidents from the root of its causation [10, 11, 12].

3.2	The method of human factors Assessment: The human factors evaluation tool 
(HFET, PIARC)

The Human Factors Evaluation Tool is based on the analysis of about 1.800 accidents that 
are technically unexplainable. It contains about 100 validated and reliable items that are 
proven to be the root-cause of accidents [5] and violate the principles of a self-explaining 
road design. It was developed by road safety experts of the World Road Association (PIARC, 
2004-2019, [3,4]. 
This tool predicts accidents with a consistency of over 75 % between predicted and real ac-
cident locations [6], and a consistency of 56 % - 78 % between Human Factors Risk Score 
and actual accidents in a network wide road safety assessment [7]. The Human Factors Risk 
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Score represents the percentage rate of fulfilled Human Factors demands. It is showing the 
accident probability of a road situation as well as the priority of countermeasures:

•• If the percentage is < 39 %, accident probability is high and it is mandatory to take efficient 
countermeasures. The results are marked red:
•• If the percentage is 40 - 60 %, accident probability is middle and it is desirable to take 
efficient countermeasures. The results are marked yellow.
•• If the percentage is 61 – 99 % accident probability is low. Some desirable improvements 
could be made. The results are marked green.

3.3	Human factors requirements for safe roundabout

Reaction time: If a driver has to cope with an unexpected, new build roundabout/intersection 
he needs not only fractions of a second to react (simple “stimulus–reaction time). The average 
driver needs at least 4-6 seconds to adapt to a surprising new intersection (“perception–decision 
time”). So the new roundabout should be visible and understandable about 4-6 seconds ahead.

Field of view: The overall impression of the road pre-programmes expectations about course 
and speed level. To ensure a safe slowdown in speed while approaching a new roundabout, 
it should be placed directly as an eye-catching hindrance in the view axis of the driving lane. 
Additionally the view to other roads entering the roundabout should be obstructed. Not any 
other eye-catchers in the periphery or depth of the field of view should distract the driver. 

Expectation logic: A new junction always disturbs the habitual driving pattern. The change of 
roads’ function must be recognized and newly learned. That’s why the approaching section 
and the roundabout itself must be optically so designed, that the optical clues catch atten-
tion automatically and instruct road users how to drive. 

3.4	Results of human factors assessment

The accident spot was inspected with videos and street view to compare the programming of 
drivers before and after the installation of the roundabout. The following results show that 
the situation misguides drivers and their expectations.

Reaction time: The new intersection is located about 300 m after the exit of Kozina in a left curve. 
It can only be recognized from a distance of about 60 m. Several speed and warning signs try to 
inform the driver. But it is not installed as an eye-catcher directly in the view axis of the driver. It 
is rather arranged at the right in the periphery. So the bad visibility provides not enough percep-
tion-decision-time to cope with the situation. Only 29 % of the Human Factors requirements are 
met. The accident probability is high and it is mandatory to take efficient countermeasures. 

Field of view: The old far visible left curve has additionally a dominant eye-catching mountain 
which increases misorientation. The old centre marking of the road catches the fixations and 
reinforces the wrong orientation to drive in a left curve. There are no optical clues that rein-
force an orientation reaction to slow down and turn to the right to enter the entrance to the 
roundabout. The Risk Score of subdivision “risks in the depth of the field of view” meets only 
33 % of the Human Factors requirements. The accident probability in the subdivision “depth 
of the field of view” is high and it is mandatory to take efficient countermeasures. 

Expectation logic: Neither the change of road’s function nor the change of driving direction 
to the right can be understood early enough. Old habitual driving patterns (speedy left curve) 
compete with new requirements (break down and turn to the right to enter the roundabout). 
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From a legal point of view, the signage is fine, but cannot really prepare the driver for the new 
situation. The Risk Score for drivers’ expectations meets only 20 % of the requirements. The 
accident probability is high and it is mandatory to take efficient countermeasures.

4	 Human factors countermeasures and their effectiveness 

4.1	 Goal of countermeasures

The goal of HF countermeasures is to provide drivers with the relevant information how to 
approach the roundabout with low-cost solutions. They should improve traffic safety and 
reduce the accident probability. If this is reduced, also the number of driving mistakes de-
crease. With this, also accidents will go down. Main goals are:

•• to provide more perception-decision-time by setting speed limits. This must be combined 
with improvement of the visibility of the roundabout.
•• to guide orientation and attention away from the left curve to the entrance of the new 
roundabout. This could be done by attention-guiding elements.
•• to pre-program new expectations and to overcome the habit of unhindered driving through 
a left curve.

4.2	Description of Countermeasures

Countermeasures to improve road safety were identified on the basis of shortcomings in the 
results of the Human Factors Evaluation Tool. As traffic accidents occur at the entrance of 
the roundabout (from East to West), the following Countermeasures to improve traffic safety 
are in the approaching section and the entrance to the roundabout are explained in table 1 
below.

Table 1 	  Countermeasures to improve traffic safety

Countermeasure Illustration

Drivers will be informed 250 m ahead of the roundabout that they are 
approaching a new intersection. A pre-intersection sign is placed showing 

the course of the roundabout and the settlements that can be reached 
from it. There is also added a table “250 m” to inform the driver about the 

distance.

In order to slow down there will be set up a speed limit 70 km/h 370 m 
ahead of the roundabout.

The existing lanes are currently 2 x 3,6 m wide, which means that the width 
of the road contributes to an increased speed. In order to comply with 

the speed limit the existing centreline is changed into a double divided 
line – filled inside with a green field. This limits the width of the lane to 2 x 
2,75 m. This adapted lane marking starts 270 m ahead of the roundabout 

and ends at its entrance.
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Countermeasure Illustration

For the appropriate approach to the roundabout, 110 m ahead a 
highlighted traffic sign with flashing lights is added. It contains a 

roundabout sign, the distance and a speed limit of 50 km/h. It is mounted 
on an attention-guiding yellow frame.

From this point on, a 75 m long optical break appears on the road, which 
help drivers to slow down unconsciously and to cope with the speed limit.

50 m ahead of the roundabout a speed limit of 30 km/h is set. In order to 
guide the drivers to the right and break the orientation to drive in a left 

curve, passive safety posts (1,2 m high) are placed on the green field in the 
centre line with a distance of 4 m.

To prevent a view to the other side of the roundabout and guide drivers, 
passive safety posts for motorcyclists are placed on the left side of the 

road (in the direction of the roundabout) at a distance of 6 m and a height 
of 1,2 m.

To ensure the visibility of the roundabout and to guide the driver’s 
attention passive safety posts with a height of 1,32 m are placed in the 

inner part of the roundabout.

Low hight delineators with reflectors are placed on the top of the existing 
curbs of the middle island in the approaching lane. They will guide the 

driver properly to the entrance of the roundabout. 

The misguiding centre line of the left curve will be completely removed. 

Table 1	 Countermeasures to improve traffic safety - continuation
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Figure 6	 Planned Human Factors countermeasures in the approaching section [1]

4.3	Results of human factors assessment

For the planned countermeasures the Human Factors Risk Scores were calculated. The re-
sults show clearly that the Human Factors countermeasures grant a maximum benefit with 
the above-mentioned low-cost measures.
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Table 2 	  Risk Scores in the Human Factors Evaluation before and after improvement

4.4	First results of the effectiveness and validity 

The described countermeasures will be implemented at the beginning of May 2022 when the 
weather conditions improve. Before and after the implementation speed measurements and 
a video-observation of the traffic will be conducted. We expect that the drivers’ approaching 
of the roundabout will be smoother with less surprising breaking manoeuvrers. We expect 
also a lower speed level due to signing, optical breaks/countermeasures. With a clear and 
unambiguous guidance and signing it will be possible to pre-program right expectations and 
an improved driving trajectory. This is really needed to diminish the number of road users 
that drift dangerously close to the centreline or even cross it. 
The first evaluation of the effectiveness of Human Factors countermeasures will start imme-
diately after the implementation. After one year the effect of countermeasures will be eval-
uated again to draw conclusions regarding a final adjustment. The last monitoring will be 
carried out in 2023 to evaluate the final state of implementation.
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