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Abstract—School drop-off and pick-up activities, where
parents collect and drop off schoolchildren, cause traffic
congestion, especially when the urban road lacks a school safety
zone and pedestrian bridge. This also poses a risk to the safety
of pedestrians and/or those crossing the road. This situation is
evident in front of the school. Data collection over 6 days,
consisting of traffic flow counts, vehicle speeds, and the number
of side obstructions, was subsequently analysed using the
Indonesian Road Capacity Manual, 2023, as a reference for road
performance. The 2023 Sidewalk Planning Guidelines are used
as a reference for planning sidewalk widths and types of
pedestrian crossing facilities. Regulation of the Director General
of Land Transportation 2018 is used as a reference for planning
School Safe Zones. This study's results show the section's
performance based on the degree of saturation: traffic flow is
starting to become congested, and the pedestrian crossing
facility that meets the needs in front of the school is a pedestrian
bridge. The presence of a school safety zone and pedestrian
bridge decreases the degree of saturation (44.85%) and
increases light vehicle free flow speed (47%).

Keywords—capacity, degree of saturation, school safety zone,
traffic accidents, transport system.

I. INTRODUCTION

The rate of accidents involving children on the roads
continues to increase every year, particularly around school
areas where students are walking and crossing the streets.
Thousands of lives are lost every year due to traffic accidents
worldwide, and youths are the most affected [1][2]. This issue
is caused not only by the negligence of students while on the
road but also by drivers operating vehicles at high speeds, the
lack of road safety facilities, and inadequate road safety
measures, especially around school zones [3]. First, they are
the age group most affected by road trauma, with road traffic
crashes being the leading cause of death among those aged 5-
29 years. Second, they are the generations who will inherit the
outcomes of decisions made today about the safety of the
evolving transport system [4].

The area in front of the school is one of the traffic-prone
spots because it is where various types of road users meet, such
as students, teachers, parents, private vehicle drivers, and
public transport users. For example, in front of PAI
Elementary School (Perintis Kemerdekaan km.18 street,
Makassar), there is heavy activity at drop-off and pick-up

times, increasing interactions between pedestrians and
vehicles, which can potentially cause traffic conflicts. Traffic
conflicts in front of schools usually arise due to several factors,
including many school pick-up/drop-off vehicles stopping on
the roadside or sidewalk, resulting in high vehicle volume
during arrival and dismissal times; undisciplined driver
behavior, such as sudden stopping, dropping off passengers in
random places, or violating road markings; lack of crossing
facilities, such as zebra crossings, speed bumps, or clear
school zone warning signs; vehicle speeds that remain high
despite being in a school area where maximum speed limits
should be enforced; and a shortage of traffic controllers or
supporting physical facilities, such as medians, guardrails, and
sidewalks.

The school's access point is less than 2 meters from the
roadway (Perintis Kemerdekaan km.18 street, Makassar).
Perintis Kemerdekaan Road is an arterial road connecting the
city center with Makassar’s outskirts. The high volume of
motorized vehicles, both private cars and public transport, has
the potential to create traffic conflicts with pedestrians,
especially in front of the school. The impact of these conflicts
not only causes local congestion but also increases the risk of
accidents involving students, who are the most vulnerable road
users.

Based on initial field observations, the pedestrian facilities
in front of PAI Elementary School still do not fully support the
safety and comfort of users. Common problems encountered
include limited sidewalks, a lack of safe crossing facilities, and
pedestrians’ disorderly behavior due to inadequate road
conditions. Apart from causing unsafe conditions for school
children walking/crossing the road, it also causes traffic jams.
The research objectives of this study are to determine the
performance of road sections (light vehicle free flow speed
and degree of saturation) without school safety zones, the
types of pedestrian crossings that suit the needs at the location,
and the influence of the presence of school safety zones and
pedestrian crossing facilities on the performance of the
section.

The research gap in the study are the observation time for
6 days a week, the performance of the section, namely the
degree of saturation referring to the 2023 Indonesian Highway
Capacity Manual (IHCM), a 10-minute survey time interval,
recording of side friction events based on their type, namely
parked vehicles, vehicles entering and exiting plot access,
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slow-moving  vehicles/non-motorized
pedestrians.

Previous research related to school safety zones has
discussed traffic safety, but no articles have yet discussed the
effect of implementing school safety zones and pedestrian
crossings on traffic performance (degree of saturation and
average free-flow speed of light vehicles). Fig. 1 shows the

location of the study.

vehicles, and

Fig. 1. Location of study

Some previous studies related to traffic in front of schools
show that traffic in front of the school experiences conflict,
especially during activities of dropping off and picking up
school children, as well as crossing the road[18]. The
provision of school safety zones is expected to improve the
performance of road sections [19]. With the presence of signs
prohibiting parking near school areas, reducing speed, being
careful in school areas, and crossing roads, drivers are more
careful. Additionally, reducing peak-time on-street parking
near schools significantly improves pedestrian safety [20]-
[22]. Implementation of school safety zones on road sections
in school areas that have high levels of pedestrian traffic and
are prone to traffic accidents[23] [24].

That children have difficulty understanding and predicting
the behavior of other road users and adapting their own
behavior accordingly. This is due to their still limited cognitive
capacities and skills, as well as perceptual and motor
abilities[5]. The high vulnerability of pedestrians in road
traffic crashes highlights the need to implement effective
interventions to protect pedestrians. The identification of
effective interventions related to pedestrians strengthened the
system to achieve pedestrian safety goals [6][7].

Traffic accidents that occur in school children can be
caused by schools that are close to the highway and a lack of
knowledge of traffic safety regarding the movement of school
students to and from school[8]. Risk-taking behaviours
increase with age and peer interaction, especially during the
afternoon hours. The role of crossing guards shows mixed
effectiveness due to variations in implementation and local
context. By operationalizing the Safe System approach
through synergistic infrastructure, enforcement, and education
strategies, the project achieved statistically significant
reductions in vehicle speeds and crash incidence, while
elevating school zone safety ratings to international standards
[9]. Traffic safety education in schools significantly increases
students' understanding and awareness of traffic safety [10].

that visual nudges can be useful in reducing risky dismounting
behavior at zebra crossings in elementary school zones.
However, only short-term behavioral changes immediately
following the implementation of the nudge were
assessed[11][12]. The socioeconomic status of the school’s
neighborhood was found to induce mixed effects on the injury
severity risk [13]. Factors such as plant density, turning angle,
road scale, road slope, recognizable signs, internal corner
space, animal danger, enclosure type, electronic tools,
monitoring facilities, strangers, and social concerns were
found to be significantly related to road safety perceptions of
left-behind children traveling independently [14][15]. The
traffic safety interventions will be more effective in improving
traffic literacy among children with lower levels of baseline
traffic safety literacy, given they started with inferior levels of
knowledge, attitudes, behaviors, and self-efficacy [16][17].

II. METHODOLOGY

Primary data collection was conducted through field
surveys on weekdays, with observation times ranging from 6
AM to 5 PM, to represent traffic conditions during the
morning, afternoon, and evening peak hours. The traffic
volume survey was conducted using a direct enumeration
method of the number of passing vehicles by vehicle type:
motorcycles, passenger cars, and medium-sized vehicles. This
data was used to determine traffic flow in passenger car units
(PCU/hour) in accordance with the 2023 Indonesian Highway
Capacity Manual (IHCM)[25]. The 2023 IHCM (Indonesian
Highway Capacity Manual) is used as a reference in this
research on the basis that motorcycles are the largest
proportion of all vehicle types on Indonesian roads. In addition
to the composition and number of vehicles by type, the IHCM
takes into account adjustment factors that affect road
performance, namely adjustments for effective lane width, city
size, directional split, and the type and number of side friction.
Fig. 2 shows the research framework.

The 2023 Sidewalk Planning Guidelines are used as a
reference for planning sidewalk widths and types of pedestrian
crossing facilities[26]. Determination of the type of pedestrian
crossing facility based on the number of conflicts between
pedestrians and motorized vehicles (PV?). Determination of
the minimum sidewalk width based on the highest number of
pedestrians per meter per minute and environmental condition
factors; if in front of a school, the factor value is 1.5.
Regulation of the Director General of Land Transportation No.
SK.3582/AJ.403/DRJD/2018 (revised SK.1304/2014) is used
as a reference for planning School Safe Zones[27].

Side friction data obtained from the survey results were
calculated based on the frequency of side friction occurrences
per hour. This data was then used to determine the class of side
friction that will affect the capacity and speed of free flow in
accordance with the 2023 Indonesian Highway Capacity
Manual. Vehicle travel time data was used to calculate average
vehicle speed by comparing distance traveled and travel time.
This speed was used to determine the actual vehicle speed
conditions on the study road section.

III. RESULT AND DISCUSSION

A. Traffic Volume

Traffic volume was collected based on traffic direction,
namely to Maros (South to North) and to Makassar (North to
South). The highest volume/peak hour was obtained in each
direction and observation day, namely on Monday morning,
when many motorized vehicles moved towards Maros, namely
4201 wvehicles/hour, while on Monday afternoon in the
opposite direction, as many as 4,298 vehicles/hour. On
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Tuesday morning, the highest volume of 4,151 vehicles/hour
of vehicle movement was towards Makassar, while in the
afternoon, 4255 vehicles/hour moved towards Maros. On
Wednesday, peak hours occurred in the afternoon with vehicle
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Fig. 2. Research framework

The movement of motorized vehicles towards Makassar
on Thursday morning was 4,155 vehicles/hour, while in the
afternoon towards Maros, 4,233 vehicles/hour. On Friday
morning, peak traffic to Makassar occurs at 4,271 vehicles per
hour, while in the afternoon, traffic to Maros is at 4,220
vehicles per hour. Saturday is a day with peak traffic to Maros
occurring in the morning, while in the afternoon, traffic to
Makassar is at its peak. Monday, which has the densest
volume, is then used as a reference for the analysis of the
performance of pedestrian sections and facilities/school safety
zones (ZoSS). The number of vehicles during peak hours by
traffic direction is presented in Table 1.

TABLE 1. NUMBER OF VEHICLES DURING PEAK HOUR BY TRAFFIC
DIRECTION (VEHICLES/HOUR/DIRECTION)

Day South — North North — Time
(Vehicle/hour) South
(vehicle/hour)
Monday 3638 4298 2.40-3.40 PM
4201 2470 10.30-11.30 AM
Tuesday 4255 3244 3.30-4.30 PM
2607 4151 10.30-11.30 AM
Wednesday 4161 3290 3.40 - 4.40 PM
2950 4222 1-2PM
Thursday 4233 2846 12—-1PM
2393 4155 9-10 AM
Friday 4220 2820 1.30-2.30 PM
2811 4271 9.30-10.30 AM
Saturday 3079 4058 4-5PM
3877 2866 8.30 —9.30 AM

Based on the results of the addition of vehicles per hour,
which is more than 1,050 vehicles/hour during peak hours, the
type of 4/2D passenger car equivalent (PCE) that will be used
is 1.2 medium vehicles and 0.25 motorcycles. The peak flow
from daily observation data is used to represent the weekly
traffic flow, namely the peak traffic flow. After converting
from vehicle units per hour to passenger car units/hour, the
traffic volume based on direction is obtained, namely Monday
towards Makassar 2,473.75 pcu/hour, Tuesday towards
Makassar, 2,450.5 pcu/hour, Wednesday towards Maros,
2,408.5 pcu/hour, Thursday towards Maros, 2,493 pcu/hour,
Friday towards Maros, 2,526 pcu/hour, and Saturday towards
Maros, 2,329.45 pcu/hour. The number of passenger car units
during peak hours based on traffic direction is presented in
Table II.

B. Side Friction

The side friction analysis on Perintis Kemerdekaan km. 18
street was carried out along 200 m. Side friction includes the
number of pedestrians, parked vehicles, slow-moving
vehicles, and vehicles entering and exiting the plot access.

TABLE II. NUMBER OF PASSENGER CAR UNITS DURING PEAK HOUR BY
TRAFFIC DIRECTION (PASSENGER CAR UNIT/HOUR/DIRECTION)

Day South-North North — South

Passenger car unit/hour Passenger car unit/hour
monday 2,489.05 2,473.75
tuesday 2,383.3 2,450.5
wednesday 2,408.5 2,403.75
thursday 2,493 2,394.35
friday 2,526 2,429.75
saturday 2,329.45 2,259.2

The weight for each type of side friction is 0.5 for
pedestrians, 1.0 for parked vehicles, 0.4 for slow-moving
vehicles, and 0.7 for vehicles entering and exiting the plot
access. Based on peak hours, the number of side friction is the
direction to Makassar on Monday, 733.4 events, on Tuesday,
the direction to Makassar 779.7 events, on Wednesday the
direction to Makassar, 777.2 events; on Thursday, the
direction to Makassar, 837.4 events, on Friday the direction
to Maros, 759.5 events, and on Saturday the direction to
Maros, 805 events. The total number of side friction based on
the observation day is presented in Table III.

TABLE III. NUMBER OF SIDE FRICTION DURING PEAK HOUR BY TRAFFIC
DIRECTION (EVENT/HOUR/DIRECTION)

Side Friction

Day North-South South-North
Monday 725 733.4
Tuesday 745.5 779.7
Wednesday 762.7 777.2
Thurdsay 770.9 837.4
Friday 759.5 755.5
Saturday 805 745.1

C. Degree of Saturation

The degree of saturation is the level of road utilization, the
ratio of capacity to volume. A degree of saturation (Dj) value
approaching 1 indicates traffic congestion.

The highest volume in each direction of traffic, including
the weight of side friction events, namely on Monday, is used
to calculate the degree of saturation and free flow speed
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values. Capacity is calculated with correction factors applied
to the capacity (formula (1)):

C=C0xFCL] x FCPAx FCHS x FCUK )
Where
C0 =2x1700 = 3,400 passenger car unit/hour
adjustment factor due to lane width, FCL] = 0.92
adjustment factor due to direction separation, FCPA = 1.00
adjustment factor due to side friction, FCHS = 0.88
adjustment factors due to city size, FCUK = 1.00

unit

C =3,400x0.92 x 1.00 x 0.88 x 1.00 = 2,752 passenger car howr

The degree of saturation is calculated using formula number
2, namely:
North — South:

Degree of saturation, Dj = % 2)
Where
q = volume (passenger car unit/hour)
C = capacity (passenger car unit/hour)

pj =222% — 089 > 0.85
2,752
South — North
243042 0.88 > 0.85
2,752 >0

According to the 2023 THCM, a saturation level of an
urban section exceeding 0.85 indicates unstable traffic flow
and traffic congestion.

D. Free Flow Speed

In calculating the free flow speed, IHCM, 2023 sets
passenger cars as the reference vehicle. Based on the 4/2D
road type, the free flow speed (VBD) is 57 km/hour. The
determination of the lane width adjustment factor (VBL) is
determined based on the effective lane width by looking at the
width per lane. Based on the VBL value, the lane width is
2.95 m using data extrapolation. The result of the 2.95 m lane
width data extrapolation is -4. Side Friction Adjustment
Factor on Shouldered Roads (FVBHS). Based on the
calculation and reading results from Table III, Perintis
Kemerdekaan km 18 street, the side friction class is high. For
the 4/2D road type with an effective shoulder width of less
than or equal to 0.5 m, the FVBHS value is 0.89. City Size
Adjustment Factor (FVBUK): Based on the population of
Makassar City, which is 1,770,180 people, the city size
adjustment factor (FVBUK) is 1.00.

Free flow speed is calculated using formula (3).

VBD = 57 kilometer /hour), VBL = —4 kilometer/hour

FVBHS = 0.89

FVBUK = 1.00

VB = (VBD + VBL) x FVBHS x FVBUK 3)
VB = (57 + (—4)) x 0.89 x 1.00 = 47 kilometer/
hour

The relationship between the degree of saturation and the
average speed of light vehicles per direction, for the directions
north to south and south to north, from Figs.s 3 and 4, the
average free flow speed of light vehicles is 35 kilometers/hour
(north-south) and 37 kilometers/hour (south-north).

The average actual speed is obtained as the travel speed of
the surveyed vehicles during peak traffic conditions. The
average speed of light vehicles in actual conditions for
Monday in the direction of Maros, namely 18.72
kilometers/hour, means the speed of vehicles in heavy traffic
conditions.
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Fig. 4. Free flow speed of light vehicle (south-north)

The actual vehicle speed can be calculated using formula (4)
as follows:

S .L

Vs =5 )

= =
i

Where

Vs = space mean speed (kilometer/hour)
n = number of samples

L = length of segment (meter)

ti = time (hour)

S 15x 100 .
Vs= Sesas 5.20 meter/second = 18.72 kilometer/hour
TABLE IV. ACTUAL SPEED OF LIGHT VEHICLE
(KILOMETER/HOUR/DIRECTION)
Day Actual speed of light vehicle (km/hour)
North-South South-North
Monday 18.72 16.42
Tuesday 15.13 16.54
Wednesday 17.56 18.82
Thurdsay 17.33 17.94
Friday 16.85 18.05
Saturday 18.65 18.43

The actual average speed of vehicles in front of schools is
15.13 kilometer/hour to 18.82 kilometer/hour. This is
supported by previous research, which found that vehicle
speeds in front of schools range from 12 to 21 km/hour [28].
When vehicles pick up and drop off school children, the speed
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of vehicles on the road will decrease compared to the speed of
vehicles during non-routine school hours. The resulting
congestion and delays stem from non-routine movements [29].

E. Pedestrian

The highest number of pedestrians crossing the road was
on Monday afternoon, namely 27 pedestrians. Based on the
total number of pedestrians crossing the road during the
observation period, on Monday there were 58 pedestrians, on
Tuesday 55 pedestrians, on Wednesday 57 pedestrians, on
Thursday, Friday, and Saturday, respectively 45 pedestrians,
49 pedestrians, and 27 pedestrians. In the morning and
afternoon, there were more pedestrians crossing the road than
in the afternoon, because most of the pedestrians were parents
and school children who were being picked up or dropped off
at school. Saturday had the fewest pedestrians, because there
were no activities at school on this day. The number of
pedestrians crossing the road during peak hours based on the
observation day is presented in Table V.

After obtaining the total value of the maximum pedestrian
volume of 27 pedestrians/hour (on Monday) and the maximum
traffic volume of 7,337 vehicles/hour (on Monday).

TABLE V. NUMBER OF PEDESTRIAN CROSSINGS

Day Morning Noon Afternoon
Monday 25 27 6
Tuesday 22 25 8
Wednesday 25 26 6
Thursday 27 16 2
Friday 23 17 9
Saturday 10 6 11

By using formula (5), the PV? value is obtained as:
PV? =27x7337% =145.345 x 108 (5)

Where

P = number of pedestrian

V = traffic volume

The vehicle volume value is quite high; thus, it is
recommended to use a type of pedestrian crossing facility,
namely a pedestrian bridge.

Fig. 5. Fluctuation of pedestrian

Fig. 5 shows the hourly fluctuations in pedestrian traffic
per day of observation. Morning and afternoon are the peak
periods for pedestrian traffic. Monday mornings are
particularly high for pedestrian numbers. The Perintis
Kemerdekaan Road section at KM. 18 has been equipped with
adequate crossing facilities, such as zebra crossings, but has
not been equipped with pedestrian bridges, even though the
road is quite long and busy with pedestrians. According to
pedestrian facility planning standards, crossing facilities
should be available every 100-200 meters to ensure optimal
accessibility. Therefore, it is necessary to repaint road
markings and add signs such as pedestrian signs, school
warning signs, crossing signs, and speed limit signs to improve
the safety and comfort of pedestrians.

In the morning, the number of pedestrians per meter per
minute is at its highest, reaching 5 pedestrians/meter/minute.
The majority of pedestrians in the morning are parents
accompanying their children to school. Fig. 6 shows the

fluctuation of pedestrians per meter per minute in front of the

school.
»Moet N
Fig. 6. Fluctuation of pedestrians at peak hour (pedestrian/meter/minute)

219 EISSN: 2961-872X ePISSN: 2961-8924eDOI: 10.56741/IISTR.es1.002271



Engineering Science Letter, Vol. 5, No. 03, December 2026

Calculation of sidewalk requirements using formula (6) as
follows:

W= (6)

T 35+15

With the planned pedestrian volume/2 directions
(people/metre/minute), 5 were taken from the maximum
number of pedestrians during observations, and the value of N
= 1.5 (road sections where there are schools). The calculation
results for the minimum width of the sidewalk are 2.274
meters, so this is in accordance with the regulations for
Sidewalk Planning Guidelines for land around schools, which
is 2 meters.

Stopping sight distance, Jh, is necessary to determine the
minimum distance for placing warning signs to alert drivers to
the presence of pedestrians and pedestrian crossings. This
allows motorists to reduce their speed. Stopping sight distance
calculation using formula (7).

V2

Jh=0.278V t +0.039 Y @)
68.9442
=0.278 x 68944 x2,5+0.039 ————
254 x 34
9.81
= 50.022 meters

The minimum stopping sight distance and distance for
placing warning signs for pedestrians and pedestrians is
50.022 meters from PAI Elementary School.

When improvements are made to road sections with school
safety zones and pedestrian bridges, the correction factor value
due to side friction is 1.01, and the lane width correction factor
is 1.00. Using equations (1) and (2), the road capacity obtained
is 3,434 PCU/hour, and the degree of saturation is 0.718 (north
to south) and 0.707 (south to north). The free flow speed for
the northbound and southbound directions becomes 40
kilometer/hour and 41 kilometers/hour, respectively. The
performance of the road section increased by 44.58% (degree
of saturation) and 47% (light vehicle free flow speed). Fig. 7
shows the north-to-south free-flow speed, and Fig. 8 shows the
south-to-north free-flow speed. Table VI shows a comparison
of road performance with and without school safety zones and
pedestrian bridges. Fig. 9 shows a comparison of degree of
saturation without and with school safety zones and pedestrian
bridges. Fig. 10 shows a comparison of free flow speed
without and with a school safety zone and pedestrian bridge
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TABLE VI. COMPARISON OF ROAD PERFORMANCE WITH AND WITHOUT
SCHOOL SAFETY ZONES AND PEDESTRIAN BRIDGES.

Condition Degree of saturation Free flow speed of light
vehicle (kilometer/hour)
North-  South- Average North-  South- Average
south north south north

Without 0.89 0.88 0.885 35 37 36

School

safety

zone and

pedestrian

bridge

With 0.718  0.707 0.712 40 41 40.5

School

safety

zone and

pedestrian

bridge

Fig. 9. Comparison of degree of saturation without and with school safety
zone and pedestrian bridge

Fig. 10. Comparison of free flow speed without and with school safety zone
and pedestrian bridge
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F. Discussion

Based on observations at the research site, students cross
the road directly to and from the school area without any
crossing facilities to guide their movement. Crossings are
made by exploiting available gaps between vehicles during
traffic flow. This situation results in irregular pedestrian
movement patterns that are difficult for drivers to predict. The
dominant conflict points are in front of the school entrance and
where vehicles stop to pick up and drop off passengers. At the
same time, other vehicles continue to move at a high volume,
increasing the potential for dangerous interactions between
vehicles and students. The highest crossing activity occurs
during school hours. During these periods, vehicle volumes
increase, while the need for students to cross is also high,
making the risk of conflict unavoidable.

The analysis shows that the degree of saturation in both
directions remains below the critical limit, but is approaching
a congested condition. With high volumes and a high level of
side resistance, vehicle movement is dynamic. Although the
actual measured speed is lower than the free-flow speed,
vehicles continue to move in large numbers, thus maintaining
a high risk to students crossing the road.

Given the combination of traffic volume, saturation level,
and high student activity, this location is suitable for
implementing a School Safety Zone (ZoSS). ZoSS is
necessary to increase driver attention while providing
additional protection for pedestrians.

School zone markings are necessary to provide early
warning to drivers that they are entering an area with high
student activity. Speed limits are needed so that drivers adjust

environment. Adequate sidewalks will help separate
pedestrian movement from vehicles and increase students'
sense of safety. Devices such as speed tables or rumble strips
can enhance efforts to reduce vehicle speed before reaching
the crossing point. The presence of school safety zones and
pedestrian bridges in front of schools improves traffic
performance. This finding is also reinforced by previous
research indicating that the presence of traffic calming
measures in front of schools reduces the risk of accidents
involving  schoolchildren.[30]. That Attitude (ATT),
Subjective Norms (SN), Perceived Behavioral Control (PBC),
and Mindfulness (MF) reduce speed [31]. Collaboration on
traffic calming measures is more effective in reducing vehicle
speeds and the risk of accidents in front of schools [32][33].
Traffic calming measures that can be implemented in school
areas, such as adequate signage, pavement markings, and
pedestrian footbridges [34].

The School Safety Zone (ZoSS) design is planned with the
addition of facilities in the form of red ZoSS markings, zig-
zag markings, school warning signs, and speed limit signs in
accordance with the ZoSS Technical Guidelines. The
implementation of these facilities aims to reduce vehicle
speeds and increase driver awareness in school areas. This is
in line with the concept of road section performance according
to IHCM 2023, where speed control is one of the efforts to
improve the level of road service and traffic safety. With the
implementation of a school safety zone (ZoSS), it is expected
that vehicle speeds can be controlled, the degree of saturation
remains stable, and it can improve safety for pedestrians,
especially school students. The school safety zone plan can be

their vehicle speed to the conditions of the school  Seen inFig. 10.
SON
TOKO
PAl INDOGROSIR
(&
L]

Fig. 11. The school safety zone plan

The degree of saturation, Dj, value increases due to high
vehicle volume, especially during school entry and exit hours.
The decline in road performance is due to pick-up drivers
parking their vehicles on the side of the road, and during the
waiting time, traffic flow becomes unstable due to reduced
road capacity. This statement is reinforced with the results of
previous research, namely that during the waiting time for
pick-up drivers (an average of 8.48 minutes), they engage in
numerous illegal parking actions on the road, which causes
many "cognitive" errors and "crash" points around the front of

the elementary school entrance gate. [35]. Additionally, other
research suggests that the absence of on-street parking is
associated with slightly worse congestion levels, as managed
on-street parking or lay-bys help absorb pick-up and drop-off
activities more efficiently [36].

The analysis of the actual average speed of the space was
conducted to obtain a more representative picture of the
overall traffic flow conditions. The obtained value of the space
mean speed shows the actual movement conditions of vehicles
in the field. When compared to the area's function as a school
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environment, the speed value indicates the need for more
traffic control to support student safety. In addition, the
presence of side friction (parking and pedestrian) also reduces
the actual average speed of the space. This statement is
supported by previous studies of previous research, namely
that the type of street and the level of roadside activity were
negatively correlated with vehicle speeds [37].

Based on the relationship between Dj values, average
speed, and average actual speed of space, it can be concluded
that traffic conditions around schools have potential risks to
student safety. Direct interaction between motorized vehicles
and students crossing without adequate safety facilities
strengthens the urgency of handling. Therefore, it is necessary
to identify and plan the design of School Safety Zones (ZoSS),
which includes the provision of special ZoSS markings, school
area speed limit signs, clear and safe crossing facilities,
sidewalk improvements, and the implementation of vehicle
speed controls. This discussion answers the fourth problem
formulation and fulfills the fourth research objective in
identifying the need for ZoSS design that is appropriate to
traffic conditions and the needs of students around the school
location.

IV. CONCLUSION

Based on the results of traffic volume analysis, degree of
saturation, average vehicle speed, and average actual speed of
vehicle space, the condition of Jalan Perintis Kemerdekaan km
18 in front of PAI Elementary School shows a high level of
safety risk for students. The degree of saturation without and
with a school safety zone is 0.885 and 0.712, respectively. The
free-flow speed for light vehicles without and with a school
safety zone is 36 kilometers/hour and 40.5 kilometers/hour,
respectively. Therefore, it is necessary to implement and
design a School Safety Zone (ZoSS) including the installation
of school area markings, speed limit signs, zig-zag markings,
and standardized crossing facilities to improve the safety of
students and road users. In future research, it is hoped that
there will be a comparison of student safety levels in locations
that have school safety zones and those that do not have school
safety zones.

REFERENCES

[1] L. Oestreich, T. B. Torres, and A. Ruiz-Padillo, “Fuzzy analysis of
students’ perception of traffic safety in school environments: the case
of a small Brazilian city, ” International Journal of Injury Control and
Safety Promotion, vol. 28, no. 2, pp. 255-265, Apr. 2021, doi:
10.1080/17457300.2021.1909625.

[2] D. Nalmpantis and E. Beli, “Peer Pressure on Road Safety: The Case
of Student Drivers in Greece, ” TOTJ, vol. 19, no. 1, p.
€26671212381793, Apr. 2025, doi:
10.2174/0126671212381793250410071023.

[3] F.Sholahudin and B. Haryadi, “The Effectiveness of School Safe Zones
on Taman Siswa Street, Sekaran, Gunungpati District, Semarang City,
” E3S Web Conf, vol. 576, p. 02007, 2024, doi:
10.1051/e3sconf/202457602007.

[4] E. Ellizar, S. Larastiti, T. E. Bawono, W. Mulyana, and C. Kurniawan,
“Youth Participation in School Safety Zones Assessment: A Case
Study in Indonesia, ” JRS, vol. 34, no. 2, pp. 1-9, May 2023, doi:
10.33492/JRS-D-22-00033.

[5] A.Renard, L. Novacko, K. Babojeli¢, and N. Kozul, “Analysis of Child
Traffic Safety near Primary School Areas Using UAV Technology, ”
Sustainability, vol. 14, no. 3, p. 1144, Jan. 2022, doi:
10.3390/su14031144.

[6] M. Saadati, A. Razzaghi, R. Rezapour, and K. PourEbrahim,
“Interventions for safety promotion of pedestrians; A scoping review,
” Journal of Transport & Health, vol. 24, p. 101277, Mar. 2022, doi:
10.1016/.jth.2021.101277.

[71 M. L. Borakanavar, A. V, H. N. Pham, Y. V. Navandar, and K.
Krishnamurthy, “An investigation of traffic safety knowledge,

behaviour and risk perception for schoolchildren: a case study of India,
” TSR, vol. 8, p. €000109, Nov. 2025, doi: 10.55329/ixuu3946.

[8] C. Utary, D. S. Nabahan, E. Budianto, and S. N. Indah Sari, “Planning
of School Safety Zone (Zoss) On The Education Road Of Merauke
Regency, ” MATEC Web Conf., vol. 372, p. 07004, 2022, doi:
10.1051/matecconf/202237207004.

[9] C. Pham, L. Nguyen, H. Bui, M. Sidik, P. Le, and A. Ariobowo, “A
scalable model for child road safety in low- and middle-income
countries: evidence and lessons from the “slow zones, safe zones”
intervention in Vietnam, ” Front. Public Health, vol. 14, p. 1721586,
Feb. 2026, doi: 10.3389/fpubh.2026.1721586.

[10] L. Elizabeth Radjawane, “Peningkatan Keselamatan Lalu Lintas untuk
Siswa Sekolah Dasar Frater Bakti Luhur Makassar Melalui Edukasi dan
Penyediaan Sarana Keselamatan, ” Jurnal Mandala, vol. 6, no. 2, 2025,
[Online]. Available: https://jurnal-
pharmaconmw.com/jmpm/index.php/jmpm/article/view/803

[11] V. Ross, K. Brijs, D. Vanassen, and D. Janssens, “Nudging Safety in
Elementary School Zones: A Pilot Study on a Road Sticker Intervention
to Enhance Children’s Dismounting Behavior at Zebra Crossings, ”
Safety, vol. 11, no. 3, p. 76, Aug. 2025, doi: 10.3390/safety11030076.

[12] M. Sinclair, S. W. F. Du Plessis, A. I. Jansen, and L. Mboko, “Parent
Concerns Around Road Safety of Children En Route to School—A
Study from the Western Cape, South Africa, ” J Child Fam Stud, vol.
34, no. 3, pp. 658675, Mar. 2025, doi: 10.1007/510826-024-02976-y.

[13] A. Farid, E. Lin, and A. Pande, “Analysis of School Zone Crash
Severities with an Equity Lens: A Random Parameters Modeling
Approach, ” Transportation Research Record: Journal of the
Transportation Research Board, vol. 2679, no. 4, pp. 570-582, Apr.
2025, doi: 10.1177/03611981241295716.

[14] Y. Tang, “Assessment of Perceived Factors of Road Safety in Rural
Left-Behind Children’s Independent Travel: A Case Study in
Changsha, China, ” Sustainability, vol. 15, no. 13, p. 10355, Jun. 2023,
doi: 10.3390/sul151310355.

[15] P. Bass, B. Ndow, M. Ndow, and A. Jabbi, “Safety education and child
safety behavior on the Road in The Gambia, ” Popul. Med., vol. 5, no.
Supplement, Apr. 2023, doi: 10.18332/popmed/165617.

[16] H. Wang, Y. Chen, A. Wang, W. Liu, Z. Gao, and D. C. Schwebel,
“Improving children’s traffic safety from a safety literacy perspective:
A randomized trial, ” Journal of Safety Research, vol. 93, pp. 255-265,
Jul. 2025, doi: 10.1016/j.js1.2025.02.027.

[17] N. Kourmousi, A. Kalamatianos, K. Kounenou, and K. Merakou,
“Evaluation of the Road Safety Education “E-drive Academy”
Interactive Program in Greek Elementary Schools: A Study of 834
Fourth Grade Students, ” JRS, vol. 35, no. 1, pp. 27-39, Feb. 2024, doi:
10.33492/JRS-D-24-1-2117050.

[18] D. Rahmawati, T. Agustin, and A. M. H. Mahmudah, “Analisis
Dampak Aktivitas Sekolah terhadap Kinerja Ruas Jalan (Studi Kasus
Taman Pendidikan Prasekolah Al Firdaus Surakarta), ” SCBME.J, vol.
1, no. 4, p. 9, Oct. 2024, doi: 10.47134/scbmej.v1i4.3228.

[19] I. M. Kariyana and P. Aryastana, “Perbandingan Kinerja Ruas Jalan
Akibat Zona Selamat Sekolah (ZoSS) di Kota Denpasar, ” F7T, vol. 8,
no. 2, pp. 51-59, Oct. 2020, doi: 10.24929/ft.v8i2.959.

[20] M. Liu, T. Wu, and Y. Oeda, “Enhancing pedestrian safety on rural

primary school roads in Shanghai using machine learning and spatial-

temporal simulation modeling, ” Simulation Modelling Practice and

Theory,  vol. 147,  p. 103243,  Feb. 2026, doi:

10.1016/j.simpat.2025.103243.

N. Berasategi Sancho, I. Legorburu Fernnadez, 1. Alonso Saez, and N.

Idoiaga Mondragon, “Children’s perceptions of safety in their school

path: the case of the Basque Country, ” Children’s Geographies, vol.

22, no. 3, pp- 404415, May 2024, doi:

10.1080/14733285.2023.2292574.

[22] N. C. Vijay, S. Rokade, and B. G. R., “Examining infrastructure and
child pedestrian safety in Bhopal’s school zones, ” Innov. Infrastruct.
Solut., vol. 10, no. 3, p. 100, Mar. 2025, doi: 10.1007/s41062-025-
01895-1.

[23] F. R. Rustan, A. Dirgantara, R. Puspaningtyas, and M. J. Fauzi,
“Analisa Kinerja Jalan dan Penerapan Zona Selamat Sekolah Pada Ruas
Jalan Sendiri Desa Palewai, ” Borneo.Engineering, vol. 7, no. 3, pp.
320-335, Dec. 2023, doi: 10.35334/be.v7i3.4963.

[24] Apriansyah, E. Tri Mukti, S. Widodo, and Nurhayati, “Strategy for
Improving Road Performance and Safety on Jalan Sulawesi, Pontianak
City, ” jmenara, vol. 20, no. 2, pp. 18-30, Mar. 2025, doi:
10.21009/jmenara.v20i2.49624.

[25] Directorate General of Highways, “Indonesian Highway Capacity
Manual. ”” Ministry of Public Works, 2023.

[26] Directorate General of Highways, “Sidewalk Planning Guidelines.
Ministry of Public Works, 2023.

[21

—

»

Radjawane ef al.: Improving Road Performance with the Target of Implementing a School Safety Zone (pp. 215-223) 222



Engineering Science Letter, Vol. 5, No. 03, December 2026

[27]

(28]

[29]

[30

=

[31]

[32]

Directorate General of Land Transportation, “School Safe Zone. ”
Ministry of Transportation, 2018.

J. Tang, A. McNabola, B. Misstear, F. Pilla, and M. S. Alam,
“Assessing the Impact of Vehicle Speed Limits and Fleet Composition
on Air Quality Near a School, ” IJERPH, vol. 16, no. 1, p. 149, Jan.
2019, doi: 10.3390/ijerph16010149.

S. Shokry, A. Alrashidi, and M. Elbany, “Analyzing the Traffic
Operational Performance of School Pick-Up and Drop-Off Dynamics
in Saudi Arabia, ” Sustainability, vol. 16, no. 12, p. 5154, Jun. 2024,
doi: 10.3390/sul6125154.

M. Abdelbaqi and S. Naimi, “Evaluation of Road Safety at School
Zones Using the iRAP Star Ratings for Schools Tool: The Case Study
of Arnavutkoy, Istanbul, ” Eng. Technol. Appl. Sci. Res., vol. 16, no. 1,
pp- 3093230939, Feb. 2026, doi: 10.48084/ctasr.12491.

M. S. U. Khan, M. Shabbir, A. Hussain, M. Azhar, A. Saqib, and L. A.
Rana, “Understanding school zone driving behavior using structural
equation modeling based on the extended theory of planned behavior,
” Discov Cities, vol. 2, no. 1, p. 112, Nov. 2025, doi: 10.1007/s44327-
025-00157-0.

L. Rothman, “Pilot study to evaluate school safety zone built
environment interventions, ” Inj Prev, vol. 28, no. 3, pp. 243-248, Jun.
2022, doi: 10.1136/injuryprev-2021-044299.

[33]

[34]

[35]

[36]

371

Z.Jin, W. No, and B. Noh, “Do enhanced school zone policies improve
pedestrians’ safety? A deep learning-based case study of Osan City,
South Korea, ” Cities, vol. 156, p. 105505, Jan. 2025, doi:
10.1016/j.cities.2024.105505.

A. A. Obiri-Yeboah, K. K. Osei, E. Opoku-Antwi, and W. Ackaah,
“School zone safety: An evaluation of driver speed characteristics,
compliance rates, and safety measures, ” African Transport Studies,
vol. 3, p. 100068, 2025, doi: 10.1016/j.aftran.2025.100068.

D. Hiep, V. V. Huy, T. Kato, A. Kojima, and H. Kubota, “The Effects
of Picking Up Primary School Pupils on Surrounding Street’s Traffic:
A Case Study in Hanoi, ” TOTJ, vol. 14, no. 1, pp. 237-250, Dec. 2020,
doi: 10.2174/1874447802014010237.

S. Shokry, A. Alrashidi, M. E.-S. El-Bany, and A. M. Darwish, “Impact
of road geometry on school-area traffic congestion using regression and
machine learning analysis: lessons from six Saudi cities, ”
Transportation Research Interdisciplinary Perspectives, vol. 34, p.
101686, Nov. 2025, doi: 10.1016/j.trip.2025.101686.

M. T. Dang, Q. H. Vu, L. M. Kieu, and H. T. Nguyen, “Modeling speed
behavior of vehicles in school zones under the impact of motorcycle-
dominated societies, ” Asian Transport Studies, vol. 10, p. 100149,
2024, doi: 10.1016/j.eastsj.2024.100149.

223

EISSN: 2961-872X ePISSN: 2961-8924eDOI: 10.56741/IISTR.es1.002271



