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ABSTRACT— Road safety audit is in the operational stage important to be conducted properly to ensure the
safe operation of a road. There are several factors which might be affecting successful road safety audit, e.g.
audit object, road environment, auditing method, auditor characteristics, etc. Those factors spread among
either academic literature or audit regulations. This paper is intended to describe the factors in detail and at
the end list the draft questionnaire which was used in the pilot survey before the main survey to determine the
most important factors conducted later.
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1. INTRODUCTION

According to [1], [2] a self-explaining road is a road that provides information to road users regarding the
condition and situation of the road which will be passed by the road users to encourage appropriate road user
behavior. Meanwhile, the forgiving road is a road infrastructure that can minimize road user error and
fatalities. The road designer does not only comply with road geometric standards but equips the road with
road furniture including a guardrail that can keep the involving vehicles within the original lanes and minimize
fatalities. Road safety audits in the operational stage will ensure that both self-explaining a forgiving road is
realized. There are several factors which might be affecting successful road safety audit, e.g. audit object, road
environment, auditing method, auditor characteristics, etc. Those factors spread among either academic
literature or audit regulations. The following chapters will describe those factors further one by one.

2. Audit Object

According to [3] road safety audit is closely related to road condition such as road surface, road geometric,
and road furniture conditions. These three conditions can be considered as main road safety audit objects. [4]
stated that road geometric condition that should be considered in road safety audit includes overtaking sight
distance, the relative position of the road shoulder surface to the road pavement surface, curve radius, etc.
Meanwhile, road surface condition in road safety audit includes the existence of defects such as rupture of the
road edge, cracks (grid cracking, large crack), potholes, or subsidence depressions. Lastly, road furniture
considered in road safety audit includes the availability of speed limit in curve signs, road lightings, traffic
signal before the curve, etc. [5] specify further regarding road geometric condition to be audited, e.g. sharp
curve with a small radius in which accident rate in average 1.5 to 4 times higher, especially when the driver
operates the car in high speed as stated in [6]. Road geometric condition might be different in different road
sections such as road links, junctions or flyovers/ underpasses, e.g. in term of speeds as stated in [7], or in the
different geometric type of road sections such as straight road or curved road as stated in [8]. [9] even
conducted a study regarding the relationship driving speed in sharp curves and driver heartbeats. The result
can be used to improve road safety. [10] stated that accident probability can be predicted by lane width, road
widening in the curve, shoulder width, stopping sight distance, overtaking sight distance, curve radius,
maximum super- elevation radius ratio of 2 consecutive curves, maximum tangent length, availability of
transition curves, maximum tangent length, slope (%), slope length, side slope, clear zone, road lighting, sign
and marking, side slope and clear zone. [11] found that one of the important things considered in the road
network risk index is the anomaly of the road surface.
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Module 7 on the road sign, road marking and road delineation [12] in 2016 regulates the followings:

. Road sign regulation and principles of the road sign and road marking.

. Type of road sign, design, and choice of the road sign and road sign placement.
. Type of road marking, road marking as a symbol, and road marking placement.
. Harmonizing road sign and road marking and their production.

. Principles of delineation.

As part of the road furniture, by complying with all regulations on the road sign, road marking and road
delineation we can ensure safer road operation.

3. Road Environment

It is difficult to find the right term as the title of this chapter. However, here, the road environment is defined
as everything related to the road, but no the road itself such as road traffic flow, road traffic load, natural/man-
made hazard, and road space disturbance. [13] stated that even an improper road furniture placement might
become a man-made hazard and therefore should be corrected after discovered in the road safety audit process.
For example, improper installation of rumble strips although the actual objective of rumble strips installation
is to reduce speed together with speed limit road sign as stated in [5]. A similar situation can be triggered by
a speed hump, despite its original objective to reduce speed as stated in [14]. Furthermore, [14] describe the
example of natural hazards, such as trees, rocks, etc, and other examples of man-mad hazards such as toad
lightings, road signs, public transport stops, physical objects, and traffic lights. [15] reported their road safety
audit of rural roads. The general public might expect that there will be fewer accidents on such low volume
roads such as rural roads. However, low traffic volume naturally allows high speeds which in turn might
disadvantage for road safety. [16] conducted a study in the North Corridor of Kenya. He assessed the social-
economic impact of road class upgrading/ higher traffic volume on monitoring dan evaluation of road safety
aspects. He also warns the potential safety reduction due to higher speed in higher road class especially
potential pedestrian crossing accidents. He stated that the driver was the most frequent trigger of accidents
(42%), followed by the pedestrian crossing (22%). Meanwhile, [17] stated that 92% pedestrian in major
arterial and 54% in local roads. [18] found that unfamiliar driver on a certain road during summer involved in
higher accident rates. [19] stated that major human contributions on accidents were incorrect observation,
over- speed, lack of attention, inappropriate crash avoidance, and internal disturbance. The major
environmental contribution to accidents was covered eyesight (road-based) and slippery road. Major vehicle
contributions were a brake system failure, improper tire tread depth, imbalance brake, low tire inflation, and
covered eyesight (vehicle-based). [20] found that the injury due to crash on the flexible barrier was more
severe compared to the crash on semi-rigid and rigid barriers.

Module 6 on roadsides hazards [21] in 2016 regulates:

. General description of roadside hazards (background, definition, and roadside objects as a potential
hazard).
. Strategy to face roadside hazards (clear zone concept, keeping the vehicle on road, removing hazards,

relocating hazards, changing hazards, covering hazards, safe end terminal, special use of guardrails. temporary
barrier, guardrail problems, guardrails maintenance, safe guardrails ends, and bridge parapet as a hazard.

. Roadside hazards implementation (roadside hazards problems, in location problems, safe roadsides
for motorcyclists, etc.

4. Auditing Method

[22] define road safety audits as a formal procedure to evaluate accident potential, the safety performance of
new road construction programs, and existing road maintenance. [23] stated that audit results described by
calculation of risk value indicators, whether a certain part of road infrastructures was dangerous or very
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dangerous which require improvement to reduce potential accidents. According to [13], all of the audited
roads were given conditional acceptance status with a high accident rate still very high. [24], stated that the
determination of accident-prone location can be done by using accident rate and EAN (equivalent accident
number). [25] develop a model that can be used to conduct a review on the effectiveness of treatment program/
road infrastructure improvement. [26] made a model that can predict the relationship between the number of
accident and driver/ vehicle and road environment conditions. A segment with more than 12 accidents per 3
years considered as a dangerous segment. [27] suggest the of use upper control limit to determine accident-
prone location. According to the [28], good road safety audits should pro-actively avoid accidents before the
real accident happens. They also suggest that road safety audits should be conducted in a different stage of
the road life, i.e. planning, design, detailed design, determination of specification, construction, operation, etc.
to avoid accidents in a different stage of road life. [29] suggests a similar approach. [30] stated that compliance
with road design and construction standards does not guarantee traffic safety. The focus should be given to
the weakest component in the traffic system, i.e. the driver facing congestion with stress which increases
accident risk. [31] suggest safe route alternatives at a preliminary design to improve from passive audit into
active audit and to improve the quality of road safety along its lifecycle. In a cost-benefit analysis, safety
improvement can be considered as a benefit after accident reduction being quantified. [32] suggest a
parsimony approach using minimum input but good quality of road safety audit. [2] stated that it is important
to improve driver skills to make the right decision in the road. [8] made a ranking of road hazardous locations
both in straight/ curve/ junction parts of the road. [33] conducted a video observation to capture the safety
performance of a junction in Italia. The following parameters were observed, i.e. maximum deceleration to
avoid crash (DRAC), time-to-collision (TTC), the proportion of stopping distance (PSD), and crash potential
index (CPI). [17] conducted a relationship analysis between pedestrian safety, urban road type, and vehicle
traffic flow. Karim et al [20] analyze personal injury risk related to a different type of road barrier. According
to Guidance on Construction and Building Pd T-17-2005-B [34], a road safety audit is an effort to identify a
potential hazard that can occur from the road and the environment to the traffic flow. In general road safety
audit procedure between countries is typical with some exceptions due to different vehicle type composition
and driving culture.

Module 3 Accident Data [35] in 2016 regulates:

. Definition of a traffic accident, the main source of traffic accident data, the use of traffic accident data
. Traffic accident data record and description.

. Accident data analysis: weighing method, accident-prone area determination, histogram and cross-
tabulation method, road accident characteristics, analysis stage.

. Traffic accident analysis (case study)

Module 4 Investigation of Accident-Prone Area and Mitigation Method [36] in 2016 regulates:

. Definition of accident-prone area, development of accident-prone mitigation priority, the procedure
to conduct accident-prone area investigation,

. Development of accident-prone area mitigation and calculating cost and benefit of mitigation.

5. Auditor Characteristics

A profession as a road safety auditor may require a certain personality. As road safety audit involves field
observation activities that may require gross psychomotor skills. Road safety auditors should also be
meticulous to ensure accurate observation, analysis, and reports. Road safety auditors should also be
responsible and honest and therefore will disclose the audit result as discovered in the field. [22] stated that
there should be good teamwork between members of auditors, internally and between the auditor team and
the client, consultant, and contractor. Road safety audits should produce an accurate audit report after a careful
process considering the overall environment of the audited road links. Therefore, the report will be appropriate
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for publication and can be accounted for. The auditors should also collect data by reading through previous
audit reports in the same or nearby road links as stated in [7], [37] stated that according to European Union
Regulation, all Trans-Europe road networks should be audited. Therefore, they develop the road safety course
based on a survey conducted in 10 countries, mainly in Australia and Europe, i.e. Sweden, Czech Republic,
Hungary, Slovenia, Portugal, Italy, Switzerland, Netherland, Germany. The survey includes the availability
and the use of road safety audits, implementation of the road safety audit, pilot-training, certification of road
safety auditor, road safety audit course in the surveyed countries along with expected competence from junior
and senior road safety auditor. There were 6 topics of the road safety audit course. Two of them were offered
in all ten countries, i.e. road safety audit process and road safety management & regulation framework. One
of them was offered in all ten countries except for Italy and Portugal, i.e. human factors in road design. One
of them was offered in all ten countries except for Germany and Italy, i.e. safe system approach. One of them
was offered in all ten countries except for Netherland and Portugal, i.e. accident analysis. Finally, one of them
was offered in Germany, Italy, Hungary, and the Czech Republic, i.e. road design. [37] also stated that, road
safety auditor should at least get a bachelor degree in Civil Engineering with minimum experience of two
years in road design and/ or construction and has some knowledge on road safety.

6. Questionnaires Design

We have tested our questionnaire regarding factors affecting successful road safety audit (prepared partly
from 4 previous chapters of the literature review). The Pilot survey was conducted to 13 expert respondents
of road safety consultant and other 13 expert respondents of road safety regulator. The respondents were asked
to answer two things for each statement, i.e. regarding its importance (from 1 Not Important At All to 4 Very
Important) and regarding its current level of compliance (from 1 Not Complied At All to 4 Perfectly
Complied). The following is the list of the complete questionnaire (non-valid item based on pilot survey result
from either consultant or regulator will be marked):

1. Knowledge of road safety audit measured by possessed training.

2. Understanding on road safety is provided from the training module.

3. Implementation of a road safety audit results in line with accurate independent recommendation.

4. Understanding of road safety audit based on the training module will result in appropriate analysis

ability (not valid).

5. Continuous appropriate experience enables appropriate synthesis toward road safety audit (not valid).
6. Every stage in road safety audits requires evaluation for improvement (not valid).

7. The Auditor's ability to assess road facility standard compliance affects road safety audit quality.

8. Road safety audit requires accuracy as its nature of repetitive tasks along with a road link.

9. A road safety audit will be successful if the auditor is interested in the tasks.

10. The ability of an auditor differs from one to another due to the talent.

11. A road safety audit will be successful if the auditor can manage the audit stages.

12. Various training joined by the auditor will improve the competence of the auditor (not valid).

13. Skills obtained from the training will be evaluated based on the compliance to the standard.

14. The auditor can assess compliance with a road to the standard.

15. The auditor can conduct audit tasks quickly, correctly, and accurately.

16. Every accident has a different severity affecting the level of fatality.

17. Accident characteristic is affected by 67 accident types according to the national traffic police cluster
(not valid).

18. Accident severity is affected by the appropriateness of treatment after the accident.

19. The main cause of the accident is a human being.

20. Human negligence in the traffic is the major contributor to accidents increase.

21. Accident cost is calculated from losses suffered by the accident victim.
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22 According to national traffic police, an accident is categorized into heavy, medium, and light.
23. The availability of regulation shows the effort of the government to provide a law umbrella for road
safety improvement.
24, The related government institution implements the regulation to reach the safer road.

25. The government implements public discipline to keep the traffic in order.
26. The related institution implements the regulation to reach a safer road.

217. Road safety laws containing safer roads can be the legal basis for a road safety audit.

28. Related regulation for the safer road can be the legal basis for a road safety audit to determine the
deficiencies of the road link.

29. Policy on a safer road can be used to execute a road safety audit.

30. Related institutions are compulsory to be integrated as determine in the National General Plan on
Road Safety.

31. Related institutions are compulsory to be integrated as determine in the government policy.

32. All road safety audit teams are compulsory to work together according to the duty of each field (not
valid).

33. The accident fatality indicator is comparable with accident equivalent number (not valid).

34. Road with safety improvement can be described by a decreasing number of accidents in a consecutive
year.

35. Road safety can be described by the road's ability to reduce accidents with overall infrastructure
conditions.

36. A road is eligible for use after becoming a safer road (forgiving/ self-explaining/ self-enforcement
road (not valid).

37. Road alignment design using safety aspects in the geometric design standard.

38. Road operational speed according to the road class is not exceeded by the driver.

39. Road design along with road elements are easy to comprehend to predict the condition of the
consecutive road segment (not valid).

40. Primary data is obtained based on direct observation.

41. Secondary data is obtained from the institution owning time series data.

42. Accident data is obtained from national traffic police within 5 consecutive years.

43. Information provided in the road link will avoid the driver from a surprising factor due to hazards (not
valid).

44, Driver characteristic affects accident fatality,

45, Driver disobedient on traffic rule often causes an accident (not valid).

46. Road safety is the objective of every road user (not valid).

47. A road safety audit requires an appropriate method to get the result as expected.

48. Accident equivalent number and upper control limit are the most common methods to classify
accident- prone areas in certain road links.

49, The accident is affected by many factors. Therefore, to find out the most dominant affecting factor,
the development of accident cause development (not valid).

50. By using a statistical model, we can find factors affecting road safety audits.

51. Road safety audits consist of several stages to provide appropriate recommendations.

52.Implementation of road safety audit recommendations will reduce accident fatality.
53. A road safety audit is triggered by a high fatality in a road link.

54, Skills to conduct a road safety audit are obtained from regular training.

55. To reach the result of road safety audit recommendation should be supported by appropriate road
safety audit management.

56. Auditor has an important role in the success of the road safety audit based on training obtained from
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the training process managed by training management.

57. Road safety audit management is important to manage the overall road safety audit process, from
auditor team recruitment up to recommending the road safety audit result.
58. Institution related to safer road procurement is the Ministry of Public Work and People Housing, i,e,

Directorate General of Highways.

59. General National Plan on Road Safety endorses integrated institutions.

60. A team for conducting road safety audits is a complete team consists of required skills.
61. The safety of road users is the objective of a safer road for all national roads in Indonesia.
62. The reduction of accident fatality in a road link is a result of the road safety audit process.
63. The change of road class/ function in the field is affected by the environment.

64. The existing lane width affects road safety.

65. The existing carriage-way width affects road safety.

66. The existing road has a median.

67. The median of the existing road is a raised median.

68. The median of the existing road complies with the standard design.

69. The median of the existing road is equipped with a barrier (not valid).

70. If the barrier in the median is in the form of a guardrail, its height and strength comply with the
standard.

71. The width of the median of the existing road complies with the standard.

72. The width of the existing separator complies with the standard (not valid).

73. The width of the shoulder in the existing road complies with standard (not valid).

74. There is no gap between the surface of the shoulder and the surface of the pavement in the existing
road (not valid).

75. The surface of the shoulder is lower than the surface of the pavement in the existing road.

76. The width of the shoulder of the existing road complies with the standard.
77. The height of the median of the existing road complies with the standard.
78. The height of the separator of the existing road complies with the standard.
79. The width of the sidewalk of the existing road complies with the standard.
80. The width of the shoulder of the existing toad complies with the standard.

81. The drainage dimension and design comply with the standard.

82. The width of the drainage complies with the standard.

83. The speed design complies with the road class and function.

84. The design speed complies with the standard.

85. The operational speed complies with the standard.

86. There are plantations/ trees on the roadside.

87. The trees obstruct the sight-distance.

88. There is a bus stop on the road (not valid).

89. The bus stop obstructs the sight-distance.

90. The sight-distance is sufficient to be used in the route.

91. The sight-distance given in the junction, (pedestrian, bicycle, train, etc) crossing is sufficient.
92. The horizontal and vertical alignment match to the 85% traffic speed.
93. The warning sign is required.

94. The speed limit sign is required.

95. A special curve requires a special speed limit sign.

96. Some road links are confusing.

97. Road alignment is clear and well defined.

98.Defected pavement has been replaced or repaired.
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Old pavement marking is replaced according to the standard.

Road lightings and a strip of trees match to the road alignment.

There are overtaking lanes that comply with the standard.

The width of overtaking lanes complies with the standard.

There are overtaking road marking and road signs available and comply with the standard in the

overtaking lanes.

104.  There is a special lane for heavy vehicles and buses at the climbing alignment.

105.  The length and the width of the special climbing lane comply with the standard.

106.  The length and the gradient of the special climbing lane comply with the standard.

107.  There are available road marking and road signs to indicate climbing lane comply with the standard.
108.  The lane width, pavement width including bridge width, consistent without constriction.

109.  The shoulder width complies with the standard.

110.  The shoulder can be passed by the vehicles and road users.

111.  The crossing in the shoulder is sufficient for the drainage according to the standard.

112.  The placement of electrical and telecommunication poles safe for traffic.

113.  Constriction road sign should be provided when necessary.

114.  There should be a road sign and facility to control speed before the road constriction.

115.  Road lightings are functioning well.

116.  Road lightings are located sufficiently at junctions, roundabouts, pedestrian/ bicycle crossing.

117.  Road lighting poles types comply with the standard in all locations.

118.  There is no area with conflicting lighting between road light or sign.

119.  There are lightings for road signs that comply with the standard, especially additional road signs.
120.  Intwo-ways roads, there are disturbing road-lights causing glare at night.

121.  There are glare lights from the sun in the morning and in the afternoon.

122.  Availability of glare screen in the required area.

123.  The traffic light is available and appropriately located.

124.  The traffic light is working well.

125.  The traffic light is clearly seen (not obstructed).

126.  The warning and the guidance signs are located according to the standard and therefore not confusing
(not valid).

127.  There is an over-placement of road signs.

128.  Road signs are installed in the right place, correct height, and with appropriate side free space.

129.  Road sign placement does not obstruct the sight-distance, especially for turning vehicles (not valid).
130.  Every road signs are effective for all conditions (day/ night, rain, low intensity of light, and glare)
(not valid).

131.  Road signs are according to the manual/ standard (not valid).

132.  Other equipment/ road signs are obstructing the eye-sight of pedestrians.

133.  There is a special sign for the elderly and people with disabilities who walk.

134.  There are no serious defect on the road surface causing safety problems such as vehicle out of control
135.  The safety barrier is installed pada important locations such as bridges according to the standard.
136.  Crash barrier system has been installed according to the standard and the objective of the installment.
137.  The length and the placement of the barrier at each installed location are according to the standard.
138.  There is box control nearby the billboard according to the standard.

139.  The position of box control, box culvert, direction sign, and the billboard safe from traffic lanes.
140.  The position of objects in the left- and right-hand sides of the road do not obstruct the driver's eye-
sight.

141.  The pavement skid resistance is sufficient, including at the curve, downhill, and near the junction
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segments.

142.  The pavement skid resistance is tested regularly.

143.  The pavement is free from inundation causing a safety problem.

144.  The pavement is free from landslides.

145.  Routine maintenance will ensure a safe road infrastructure.

146.  The completeness of road facilities is causing a safe road.

147.  The defect of road surface causing accidents especially at high speed.

148.  Road operation speed is affected by the geometric condition.

149.  The long road segment affects the level of difficulty to determine the accident area.

150.  Road segment containing accident-prone location affecting the mitigation method.

151.  Accident fatality affecting the determination of accident-prone location.

152.  To localize accident-prone location, segmentation of road link is conducted.

153.  Accident location becomes an accident-prone area if the accident exceeds the limit.

154.  The accident environment affects accident fatality.

155.  On the left and right sides of the road, objects are obstructing the driver's sight-distance which may
cause an accident.

156. In the road median, there are objects obstructing the driver's sight-distance which may cause an
accident.

157.  Variation, number, and type of vehicles passing the road are affecting road safety conditions.
158.  Road furniture infrastructure is affecting road safety characteristics.

159.  Speed gun measures driver spot speeds.

160.  All equipment should be maintained and calibrated regularly.

161.  The equipment condition affects audit field observation results.

7. Conclusions and Recommendations

Based on the above literature review and item validation tests, there were 140 valid items and 21 invalid items
in the gquestionnaire. These items were spread into four groups, i.e. audit object, road environment, auditing
method, and auditor characteristics. Besides statistical tests using responses from 26 expert respondents in the
pilot survey, further refinement on the instrument to check the consistency of wording and whether all valid
items are suitable for both importance and compliance responses should be conducted in the further work
before the instrument is used in the full sample.
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