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63 PEDESTRIAN SPACE CAPACITY AND MOVEMENT PATTERN FOR ELEMENTARY 

STUDENTS IN URBAN AND RURAL AREA *Febriane Paulina Makalew1, Sakti Adji 

Adisasmita2, Shirly Wunas3 and Sumarni Hamid Aly4 1Postgraduate School, Hasanuddin 

University, Indonesia; 1Civil Engineering Department, Polytechnic Manado, Indonesia, 

2,4Civil Engineering Department, Hasanuddin University, Indonesia; 3Architecture 

Department, Hasanuddin University, Indonesia * , Received: 4 March 2018, Revised: 5 

April 2018, Accepted: 1 8 April 2018 ABSTRACT: Elementary students as children 

pedestria ns on their journey s to school, demonstrate the way they use space and 

movement pattern.  

 

Their unique space used can be seen on the pedestrian pathway in which safety should 

be the priority. Study space capacity of children pedestrian pathway and their 

movement pat tern is urgent since there is limited research in related to child pedestrian 

s and there is an inadequate guideline for it in the urb an and rural area. The aim of this 

research is to analyze children space capacity and movement patt ern.  

 

Data is taken in the form of video recording and photos using camer a and smartphone 

and is counted using drawing program AutoCAD 2016 for measurement. R esearch 

location is 14 elementary schools in the urban area of the city of Manado and 9 schools 

in the rural area of Minahasa, North Minahasa , and Sangihe Island. The sample is based 

on Krejcie Morgan formula where there is a need for a minimum of 383 children 

considering the number of the population of elementary students in North Sulawesi 

province , Indonesia. Data is analyzed using SPSS 24.  

 

Results are children pedestrian space capacity with consider ation to the number of 

children in a walking group and straight and zig - zag movement pattern . There is a 



need to have a special child pedestrian standard for the urban and rural area. Future 

research could develop the variant of location an d time in which children walk to their 

destination , such as shoppi ng precinct and housing area .  

 

Keywords: Children pedestrian, an elementary student, space capacity, movement 

pattern, North Sulawesi 1. INTRODUCTION Walking is a transportation mode for the 

journey to a destination [1]. As one of the active transportation s, walking is a process or 

activity of moving people or goods from one place to another [2].  

 

Children need safe and adequate space for their activity. Mobility help s children to 

interact with the environment [3]. However, pedestrian pathway s in Manado are not 

safe, not well maint ained and most of the streets do not have pedestrian pathway s [4], 

[5], [6]. In term of the street problem in Manado , there is congestion caused by all types 

of vehicles and movement of goods and people in Manado [ 7 ].  

 

Moreover, transport problem of pollution and traffic jam should consider car emissions [ 

8 ] and manage an efficient public transport such as campus bus [ 9 ] . School as a 

destination for the student s require a good access and its facility along the street . 

According to neighborhood standard s, a school require s pedestrian pathway s for a 

radius of 1000 meter for elementary school.  

 

By walking to school, children can have a detailed knowledge regarding the local 

environment, the texture of landscape by exploring along their journey. The p edestrian 

pathway should be safe and comfortable for children as part of a planning principle for 

a pathway system in suburban areas [ 10 ] . Special guideline s for child pedestrian s has 

not formed yet.  

 

Therefore, there is a need to study child space movement and capacity along street s in 

urban and rural areas. 2. LITERATURE REVIEW 2.1 Pedestrian Pathway Pedestrian 

pathway for children is an area that children use for their journey to and from school. An 

are a for a pedestrian in this research is an area including pedestrian pathway s, side 

roads and any open space in the premier , secondary and local streets.  

 

. 2.1 Pedestrian Space Capacity Pedestrian space capacity is related to space movement 

on the pathway and different factors influence it. One factor that influence capacity is 

speed [ 11], [ 12], [ 13]. The characteristic of pedestrian flow for students age 18 to 25 

years [1 4]. For pedestrian behavior [ 11], this research study the capacity for three 

group s of age less than 20 years, 20 to 65 years and more than 65 years old .  

 

Pedestrian volume studies in research are analyzed for facility need and pedestrian 



behavior [1 5]. 2.1 Pedestrian Movement Pattern International Journal of GEOMATE, 

Oct., 2018 Vol.15, Issue 50, pp. 63 - 69 ISSN: 2186-2982 (P), 2186-2990 (O), Japan, DOI: 

https://doi.org/10.21660/2018.50. 52440 Special Issue on Science, Engineering & 

Environment International Journal of GEOMATE, Oct., 2018 Vol.15, Issue 50, pp.  

 

63 - 69 64 The movement pattern is a movement of an elementary student on the 

pathway along their journey to and from school. The trip pattern has been used as an 

important factor in research for school children [16] in related to counting the calorie 

usage for walking. Route choice shapes movement pattern according to behavior 

analysis [15], route choice based on pedestrian choice [3], [16] and as part of behavior 

model evaluation [16]. 3. METHODS Research sample population is elementary students 

grade 1 to 6 with age between 6 to 12 years old.  

 

Research location is North Sulawesi Province in Indonesia with a total potential number 

of students 281,853 consists of 183,167 students in the rural area and 98,363 students in 

an urban area [17]. Using the Krejcie Morgan formula for limited population [18] such as 

a number of students there is a need for 383 sample for each area.  

 

Data were taken from a sample of pedestrian elementary students from 23 schools in 

the urban and rural area. The sample distribution can be seen in the figure below. Fig. 1 

North Sulawesi elementary students sample distribution map Data is taken by camera 

and smartphone when students are walking to and from school and their activities in 

school hours on the pedestrian pathway. Recording and photos are taken undisclosed, 

unknown by students to get natural data.  

 

Data for dimension and movement pattern is measured and drawn using computer 

program AutoCAD 2016 and Ms. Office Excel for total calculation. All data is analyzed 

using computer program SPSS 24 to get a description related to the result of mean, 

mode, maximum and minimum dimension. 4. RESULT AND DISCUSSION 4.1 Child 

Pedestrians Dimension and Space Capacity The result of child pedestrian s’ width can be 

seen in the figure below.  

 

From the sample available in the urban and rural area, 387 sample in each area is 

measured and counted using SPSS 24 statistic program. Table 1 Comparison of child 

pedestrian width and standard Type of Value Urban (m) Rural (m) Standard (m) Source 

Adult (A)/ Child (C) Mean 0.78 0.81 1.2 [19] A 1.6 [21] A 0.8 [20] A 1 [21] A 1.5  

 

[21] A & 1 C MANADO State Elementary School (SES)15, 18 & 20 (68 Students (St)), ES 

GMIM 06 BAHU (15 St), ES GMIM 35 BAHU (44 St), Catholic ES DON BOSCO PANIKI (18 

St), Catholic ES XVII Tarsisius Winangun (52 St), SES 3 Singkil (40 St), SES 29 Singkil (96 



St), SES 88 Singkil (59 St), Inpres ES Kaiwatu Politeknik (28 St), SES Winangun (18 St) 

SANGIHE ISLAND Inpres ES Laine South Manganitu (22 St), Gmist ES Laine Kec.  

 

South Manganitu (39 St) NORTH MINAHASA Inpres ES 1 & 2 Talawaan (44 St), ES GMIM 

63 Paslaten Likupang (57 St) MINAHASA Inpres ES Tambala (69 St), Advent ES 

Tanawangko (52 St), Gmim ES 150 Tanawangko (55 St), Gmim ES Upper Winangun (44 

St) International Journal of GEOMATE, Oct., 2018 Vol.15, Issue 50, pp. 63 - 69 65 This 

research found that the average dimension of width pathway in urban areas is smaller 

than in rural area. The average width of the urban area is 0.78 m and in a rural area is 

0.81 m. maximum width in an urban area is 1.65 m and in a rural area is 1.78 m.  

 

With a group of walking students in a rural area up to 14 students and in the urban area 

up to 7 students, average group of walking in the rural area is larger than an urban area, 

an average walking group in the rural area is 3 students while in an urban area is 2 

students. Child pedestri width per person is less than standard available which indicate 

that space is adequate.  

 

However, considering the number children in a group of walking in the rural area is 

larger than urban area than the size should be different. The number of a walking group 

and the frequency per act is dominated by two and three students. By comparison, a 

student is more likely to walk alone. The comparison can be seen in the next figure. Fig. 

2. Comparison of frequency of student pedestrians per act and number of walking 

group (a) (b) Fig.  

 

3 Children pedestrian width in (a) urban area and (b) rural area Based on the width of 

children pedestrian in the rural and urban area, section street consists children 

pedestrian area can be planned. The example is for the local street with the 6-meter- 

wide premier street in the urban and rural area as shown in figures 4 and 5. 0 50 100 

150 200 250 300 350 400 450 500 550 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Frequency of 

students pedestrian per act Number of children in a walking group NUMBER OF 

ELEMENTARY STUDENTS PEDESTRIAN URBAN RURAL International Journal of 

GEOMATE, Oct., 2018 Vol.15, Issue 50, pp. 63 - 69 66 Fig.4  

 

Street section with children pedestrian area for 6-meter-wide premier urban street Fig.5 

Street section with children pedestrian area for 6-meter-wide premier rural street 

Considering the numbers of the walking group, the width of the pedestrian pathway for 

children is counting and the result of average width child pedestrians is 1.566 m with 

average 2 students for urban area and 2.343 m for rural area with average 3 students. 

Based on this result the size is larger than a standard such as by Highway Capacity 

Manual [20] with 0.8  



 

m standard for adult and by Ministry of Public Works [21] with 1 m standard for an adult 

carry bag. Space capacity of elementary student pedestrians, based on movement, can 

be seen in table 2. Table 2 Comparison result of space capacity with standard and 

previous research Type of Value Urban (m2) Rural (m2) Previous Research /Standard 

(m2) Source A / C Mean 0.783 0.842 0.4 0.9 [11] A 1.35 1.62 [21] A Note. A=Adult, 

C=Child Space capacity of elementary students in this research is larger than previous 

research.  

 

Average space capacity is 0.783 m2 in urban area and 0.842 m2 in rural area. By 

comparison, average space capacity [11] is between 0.4 to 0.9 m2. Considering the 

number of walking group in the urban and rural area is different as discussed before, 

space capacity in an urban area for average 2 students is 1.566m2 and in a rural area 

with 3 students is 2.526 m2. Space capacity in a rural area is larger than Ministry of 

Public works standard with average 1.35 to 1.62 m2 for adult walking and carrying 

goods. 4.2  

 

Children Pedestrian Movement Pattern Elementary students ’ pedestrian movement 

pattern in the urban and rural area found in this research is dominated by straight 

pattern and followed by a zig-zag pattern [22]. The curve below shows a comparison of 

the frequency of movement and group of elementary students with the straight pattern.  

 

Although the percentage of zig-zag movement is less than straight movement, the 

space usage is significantly larger. The percentage of movement pattern can be seen in 

table 3. Table 3 Number of movement pattern Type of Movement Urban Rural Amount 

% Amount % Straight 722 98.63 468 93.79 Zig-zag 3 0.41 26 5.21 Half zig- zag 0 0 1 0.20 

Zig-zag & straight 7 0.96 4 0.80 Total 732 499 International Journal of GEOMATE, Oct., 

2018 Vol.15, Issue 50, pp.  

 

63 - 69 67 Zig-zag movement using maximum area of the street wherein the local street 

is 3-meter-wide and for the secondary and premier street is 6- meter-wide which shown 

in figure 6 and 7. Fig. 6 Space usage based on movement pattern zig-zag and straight 

movement in the rural area Fig. 7 Space usage based on movement pattern zig-zag and 

straight movement in an urban area This research considers aspects as in previous 

research such as school neighborhood character [23], destination of child journey [24], 

access to outdoor landscape [3], obstacles in the environment [25] and child pedestrian 

behavior [26].  

 

Considering all these aspects, movement pattern is analyzed and the pattern found is 

straight and zig zag. From this result of pedestrian space capacity and movement 



pattern, it is important to give priority to children as pedestrians. In the intersection area 

where there is no crossing area, children use the area of the street which is dominated 

by vehicles (Fig.8). Fig.  

 

8 Zig zag movement pattern on intersection area without crossing area By giving 

priority to child pedestrians, area potential for a zig-zag movement pattern such as in 

street intersection can have priority areas such as a special area for crossing and a 

zig-zag movement which can be seen on figure 9. Fig. 9 Crossing area for zig-zag 

movement on the intersection of the street 5.  

 

CONCLUSION Elementary student pedestrian space capacity show differences in the 

urban and rural area in terms of dimension and space area. By comparison with previous 

research and standards available, the result show adequate dimension and size per 

person yet need to consider the number of walking group International Journal of 

GEOMATE, Oct., 2018 Vol.15, Issue 50, pp.  

 

63 - 69 68 Result dimension width of children pedestrian for rural area is larger than an 

urban area. The group walking children in the rural area is larger up to 14 students while 

in an urban area is up to 7 children. In terms of the pedestrian movement pattern, in the 

urban and rural area, it has found a straight and zig-zag pattern.  

 

Although the proportion of zig-zag pattern is less than the straight patterns, the space 

usage influence significantly due to maximum use of space available on street. In 

3-meter-wide local street as well as 6-meter-wide secondary and primer street in both 

areas, space usage is as wide as these sizes. Although aspects considered in this 

research for movement pattern using previous research, movement pattern found such 

as a zig-zag is a unique one.  

 

The number of children in the walking group influence the width of children pedestrian 

pathway is another new finding. Therefore, it will need to establish a rule for children 

pedestrian particularly in an area dominated by children. In the future, a variant of 

location such as a public area, shopping precinct, and neighborhood of housing and 

settlement could be explored. 6.  

 

REFERENCES [1] Adisasmita, Sakti Adji, Comprehensive Transportation and Multi-Mode - 

Transportasi Komprehensif dan Multi Moda, Graha Ilmu, Yogyakarta 2014 [2] Morlok, E, 

K., Introduction to Transportation Engineering and Planning, McGraw-Hill, New York 

1985 [3] Björklid, Pia, and Maria Nordström, “Eontl hild -Friendliness: Coboatn nd 

urResearh.  

 



Children, Youth, and Environments 17(4) 2007 pp 388- 401 [4] Makalew, Febriane 

Paulina, Toward Great Streets Using Urban Design Approach, The Case Study of 

Manado, The International Conference on Environmentally Friendly Civil Engineering 

Construction and Materials Proceeding Book, Manado, Indonesia, 13 – 14 November 

2014, ISBN: 978-602-71876-0-3 [5] Makalew, Febriane Paulina, Identification of Urban 

Street Facility: Challenge for Walking as Environmental Friendly Transportation - 

Identifikasi Fasilitas Jalan Perkotaan: Tantangan Jalan Kaki Sebagai Transportasi Ramah 

Lingkungan, Studi Kasus Kota Manado, Proceeding Research Unit Manado State 

Polytechnic 2014 [6] Makalew, Febriane Paulina., Adisasmita, Sakti Adji.,  

 

Was, Shirly dan Hamid, Sumarni, Space Requirement for Tree and Pedestrian Space 

Movement, Proceeding The 2nd Asia Pacific Environment and Landscape Architecture 

Forum (APELA) 2016, Seoul National University, South Korea [7] Widodo, Bambang 

Patmo., Sulistio, Harnen., Wicaksono, Achmad and Djakfar, Ludfi., Analysis of Traffic 

Characteristics and Goods Transport in Manado, Indonesia, International Journal of 

GEOMATE, Dec., 2017, Vol. 13, Issue 40, pp.112-117 [8] Aly, S.H. & Ramli, M.I.. A 

Development of MARNI 12.2 Model: A Calculation Tool of Vehicular Emission For 

Heterogeneous Traffic Conditions 11. 43-50 10.3923/ jeasci. 2016. 43.50 [9] Putera, Riza., 

Santoso, Anisa., Sondang, Irene., Pratama, Oky., Nandhito, Garrin and Suyanti, Esty.,  

 

Efficiency of Public Transportation Using Global Navigation Satellite System (GNSS) 

International Journal of GEOMATE, Aug, 2017, Vol.13, Issue 36, pp 26-30 [10] Wunas, 

Shirly, Kota Humanis, Intergrasi Guna Lahan dan Transportasi di Wilayah Suburban, 

Berlian Internasional, Surabaya 2011 [11] Daamen, W, & Hoogendoorn, S P, 

Experimental Research Of Pedestrian Walking Behaviour, Transportation Research 

Record 1828, 2003 pp 20-30 [12] Nazir, M. I., Al Razi, K. M.  

 

A., Hossain, Q. S. and Adhikary, S. K., Pedestrian Flow Characteristics at Walkways in 

Rajshahi Metropolitan City of Bangladesh, Proceedings of the 2nd International 

Conference on Civil Engineering for Sustainable Development, (ICCESD-2014), KUET, 

Khulna, Bangladesh [13] Papadimitriou, Eleonora.,  

 

George Yannis and John Golias, A Critical Assessment Of Pedestrian Behaviour Models, 

Trans. Res. Part F 12 (2009) pp 242 – 255 [14] Navin, F.P.D. and R. J. Wheeler, Pedestrian 

Flow Characteristics, Traffic Engineering 39, 1969 pp 30-36, [15] Juniardi, Analysis of 

Crossing Facility Need and Pedestrian Crossing Behavior on Kartini Street Bandar 

Lampung - Analisis Kebutuhan Fasilitas Penyeberangan Dan Perilaku Pejalan Kaki 

Menyeberang Di Ruas Jalan Kartini Bandar Lampung, Jurnal Teknik Sipil UBL Volume 1 

No. 1, Oktober 2010 [16] Mackett, Roger L.  

 



and James Paskins, Childrn’s PicaActy: Tntibutn of Playing and Walking, Centre for 

Transport Studies, Children & Society Volume 22, (2008) pp 345 – 357 [17] Biro Pusat 

Statistik (BPS) Statistic of North Sulawesi Province, Social North Sulawesi in figures 

(BPS-Statistics of North Sulawesi Province) chapter 4 2016 pp 81 142 International 

Journal of GEOMATE, Oct., 2018 Vol.15, Issue 50, pp. 63 - 69 69 [18] Krejcie, Robert V. 

and Morgan, Daryle W.,  

 

Determining Sample Size for Research Activities, Educational and Psychological 

Measurement 30, 1970 pp. 607-610 [19] Indonesia National Standard Board (INSB) 

Badan Standarisasi Nasional Indonesia, 2004, SNI 03-1733-2004 Guideline for Housing 

Planning in Urban Area, Tata Cara Perencanaan Lingkungan Perumahan Di Perkotaan 

[20] Transportation Research Board (TRB), Highway Capacity Manual (HCM), National 

Research Council Washington DC 2000 [21] Kementerian Pekerjaan Umum - Ministry of 

Public Works, Guidance for Planning, Provider and Use of Pedestrian Pathway facilities in 

Urban Area - Pedoman Perencanaan, Penyediaan, Dan Pemanfaatan Prasarana Dan 

Sarana Jaringan Pejalan Kaki di Kawasan Perkotaan, Peraturan Menteri Pekerjaan Umum 

Ministry of Public Works Regulation No: 03/PRT/M/2014 [22] Makalew, Febriane 

Paulina., Adisasmita, Sakti Adji.,  

 

Wunas, Shirly and Hamid, Sumarni, Children Pedestrian Movement Pattern on 

Pedestrian Pathway - Pola Pergerakan Pejalan Kaki Anak pada Jalur Pedestrian, National 

Seminar in Civil Engineering (SeNaTS) 2 Proceeding Book, Udayana University, Denpasar 

Bali 2017 [23] Curtis, Carey., Babb, Courtney and Olaru, Doina, Built Environment And 

Children's Travel To School, Transport Policy Volume 42, August 2015, pp 21 – 33 [24] 

Westman, Jessica, Maria Johansson, Lars E.  

 

Olsson, Fredrika Mårtensson, Margareta Frn,Cen’Afive xpernce of Every-Day Travel, 

Journal of Transport Geography 29 (2013) pp 95 – 102 [25] Napier, Melissa A., Brown, 

Barbara B, Werner, Carol M., Gallimore, Jonathan, Walking To School: Community Design 

And Child And Parent Barriers, Journal of Environmental Psychology Volume 31, Issue 1, 

March 2011, pp 45 51 [26] Makalew, F P., Adisasmita S A., Wunas S., Hamid S, Influence 

of Children Pedestrian Behaviour on Pedestrian Space Usage, IOP Conf. Ser.: Mater. Sci. 

Eng.  

 

2017, 271 012028 Copyright © Int. J. of GEOMATE. All rights reserved, including the 

making of copies unless permission is obtained from the copyright proprietors.  

 

INTERNET SOURCES: 

------------------------------------------------------------------------------------------- 

3% - 



https://www.researchgate.net/profile/Febriane-Makalew/publication/326097714_Pedestr

ian_space_capacity_and_movement_pattern_for_elementary_students_in_urban_and_rura

l_area/links/5e55accfa6fdccbeba0303e8/Pedestrian-space-capacity-and-movement-patt

ern-for-elementary-students-in-urban-and-rural-area.pdf 

1% - https://onesearch.id/Record/IOS5734.1871/TOC 

1% - http://repository.polimdo.ac.id/1871/ 

1% - 

https://www.researchgate.net/publication/336789049_Child_Pedestrian_Friendly_Design_

Principle_for_the_Settlement_and_Housing_area 

1% - 

https://www.researchgate.net/publication/316942884_Efficiency_of_public_transportatio

n_using_global_navigation_satellite_system_GNSS 

<1% - https://www.atlantis-press.com/article/125965023.pdf 

1% - https://geomatejournal.com/geomate/article/download/951/813/1056 

1% - 

https://www.researchgate.net/publication/227629748_Children's_Physical_Activity_The_C

ontribution_of_Playing_and_Walking 

1% - 

https://www.researchgate.net/publication/338371357_Motivational_Factors_to_Learn_En

glish_among_University_Students_in_An_Urban_Area 

4% - 

https://www.researchgate.net/publication/326097714_Pedestrian_space_capacity_and_m

ovement_pattern_for_elementary_students_in_urban_and_rural_area 

<1% - 

https://stackoverflow.com/questions/65142286/calculating-average-width-of-polygons 

<1% - https://www.pu.go.id/assets/images/pdf/announce20160715100516.pdf 

1% - 

https://www.researchgate.net/publication/321661805_Influence_of_children_pedestrian_

behaviour_on_pedestrian_space_usage 

1% - https://geomatejournal.com/geomate/article/download/973/832/1080 

<1% - https://geomatejournal.com/geomate/article/download/1377/1316/1731 

<1% - 

https://www.researchgate.net/publication/366722700_Ketersediaan_Infrastruktur_Kawas

an_Perumahan_Sederhana_Studi_Kasus_Perumahan_Politeknik_Indah 

<1% - 

https://www.researchgate.net/publication/321759346_Pedestrian_Flow_Characteristics_a

t_Walkways_in_Rajshahi_Metropolitan_City_of_Bangladesh 

1% - https://www.linkedin.com/in/nishanbiswas 

<1% - https://scholar.google.com/citations?user=ogwo2IQAAAAJ 

<1% - http://jurnal.ubl.ac.id/index.php/JTS/article/view/252/256 



<1% - http://jurnal.ubl.ac.id/index.php/JTS/article/download/251/255 

<1% - https://www.ucl.ac.uk/~ucetjop/pdf/chso_113.pdf 

<1% - 

https://www.developmentaid.org/donors/view/198717/directorate-general-of-cipta-kary

a-ministry-of-public-works-and-public-housing-direktorat-jendral-ci 

<1% - 

https://sumbarprov.go.id/home/news/7205-pedoman-perencanaan-penyediaan-dan-pe

manfaatan-prasarana-dan-sarana-jaringan-pejalan-kaki-di-kawasan.html 

<1% - https://abdiinsani.unram.ac.id/index.php/jurnal/article/view/737 

<1% - 

https://www.researchgate.net/publication/339129521_Influence_of_elementary_students

_walking_speed_to_children_pedestrian_pathway_planning 

1% - https://conservancy.umn.edu/handle/11299/181562 

 


