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ABSTRACT

Modern	lifestyles	do	influence	Malaysian	occupants	 to	work	long	hours	
in a day in order to cope with large workloads and to meet a deadline. 
Majority of the occupants are overstressed, faced with negative emotions 
that lead to an unhealthy lifestyle. Studies show that nature is able to enhance 
human well-being by reconnecting human with natural elements in a built 
environment, which is known as biophilic design. Therefore, this study aims 
to create a biophilic design guideline to enhance occupants' well-being in 
heritage adaptive reuse indoor co-working space.  This study is conducted 
in the Heritage World Site (WHS) in George Town, Penang.  Mixed method 
research	design	was	used	to	collect	data	from	the	site.	Both	qualitative	and	
quantitative	data	were	analysed	using	the	triangulation	method	to	validate	
the overall data and research by cross verifying the information from 
multiple methods to gather the data. The results proved that the existing 
biophilic design patterns do enhance co-workers' emotional well-being 
significantlyand	it	can	be	used	as	design	guideline.	In	addition,	this	study	
also	 investigated	different	ways	of	biophilic	design	patterns	application	
which	can	affect	the	quality	of	biophilic	experiences.	

© 2020MySE, FSPU, UiTM Perak, All rights reserved

Keywords: Biophilic design, Heritage indoor, Co-working space, 
Human well-being
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INTRODUCTION

Private vehicle allows people to move from one place to another place 
in order to sustain good living standard. Nowadays ability to drive and 
being mobile is considered a necessity; thus, owning a private vehicle is 
considered pivotal for every household. This circumstance has contributed 
to consistent increase of number of road accident annually. Similarly, each 
year the number of drivers and passengers died due to road accidents is 
increasing consistently by 9 to 10 % (Che-Him et al., 2018; Masuri, Isa, & 
Tahir, 2012). It was recorded 2.55 deaths occurred due to road accident for 
every 10,000 vehicles registered in the country. Although wide-ranging 
factors contributed to road accident, most literature pointed to human 
factors as the common cause of road accident (Che-Him et al., 2018; 
Masuri, Isa, & Tahir, 2012)

For example, in the state of Perak there are 36 736 cases of road 
accidents recorded until 2015. The number was identified among the highest 
across the states in Malaysia. Among the contributing factors is high car 
ownership in the state. In addition to this, from the macro perspective, 
road accident was identified as the element that increases in parallel with 
the growth in population, economic in development, industrialisation and 
motorisation (Mustafa, 2005; Masuri et al., 2012). Whilst, at the micro level, 
three basic factors which are road user errors, road environment faults and 
vehicle defects are main causes of road accident (Mustafa, 2005).

Road accident has a significant impact on a person’s quality of life, 
community safety, increase road maintenance cost, road accident education 
and accident prevention and awareness program and enforcement. The cost 
for conducting these measures are mainly absorbed by the government and 
road provider (Masuri et al., 2012). Due to the significant impacts study 
on accident, mitigation approaches have received attention in literature. 
Past literature on accidents in Malaysia centred on the issues of traveling 
behaviours towards accident occurrences, accident trends, accident 
injuries (Ahmed, Sadullah, & Yahya, 2017; Che-Him et al., 2018; Kareem, 
2003; Masuri et al., 2012; Mustafa, 2005; Shahid, Minhans, & Bahru, 
2016). Although, these researchers have identified significant finding 
and contributed significantly to the body of knowledge, the integration 
of infrastructure i.e road and junction with surrounding environments are 
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less explored. Therefore, this factor is worth to be explored. In addressing 
the issue, the aim of the study is to propose a framework using variables 
forming a road junction physical environment to assess driver’s visibility. 
It is hoped the findings of the study will be able to assist local authorities 
i.e traffic planner to prudently plan and monitor road junction environment 
in order to provide a safer traffic environment in a commercial centre. 

LITERATURE REVIEW

The literature section provides detail on three main components which are 
sustainable transportation, driver’s safety and factors that determine the 
driver’s visibility. 

Sustainable Urban Transportation

Sustainable development approach ascertains economic, environmental, 
social dimensions and community as key domains. Whilst sustainable 
transport is regarded as development that meets the needs of the present 
without compromising the ability of future generations. The approach 
promotes increment in traveling ability of an individual to travel, ability 
to move freely, access, communicate, trade, and establishing relationships 
without sacrificing other essential human or ecological values (Nykvist & 
Whitmarsh, 2008). Transportation sustainability is commonly associated 
with accessibility, affordability, cost efficiency, liveability, efficiency, 
equity, climate change and pollution (Donegan, Adamson, & Donegan, 
2007; Litman & Burwell, 2006; Yigitcanlar & Dur, 2010). In promoting 
community’s health as main objective of sustainability, sustainable transport 
promotes safety environment (Litman & Burwell, 2006), by reducing 
the number of road causality as priority. In addition, using the measures, 
strategies of sustainability that is commonly engaged with traffic demand 
management, crash prevention and crash protection based solutions 
(Litman & Burwell, 2006). Similarly, issues of sustainable transport are 
also addressed by imposing macro level strategies through land use and 
infrastructure investment rearrangement and settings (Yigitcanlar, Rashid, 
& Dur, 2010). 

In addition, poor transportation system is identified to be an attribute 
of poor infrastructure provision and geometrical design (Che-Him et al., 
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2018; Dadashova, Ramírez, McWilliams, & Izquierdo, 2016). However, 
solutions embedded to address the issues of safety of road user are 
commonly limited to only mechanical or infrastructure mechanisms. 
, Furthermre, road environment consists of road, landscape, signage, 
built forms, traffic management strategies and geometry are factors that 
collectively determined the visibility of road user, while using or driving 
on the road. A way forward in establishing a safe environment for road user 
and addressing the sustainability of transportation system is the equilibrium 
between infrastructure, traffic and urban forms that encapsulate junction 
or road and surrounding environment during the planning, designing and 
maintaining stages. 

Safe Driving and Causes of Accident 

Safe driving involves the ability of a driver to manoeuvre a vehicle, 
being conscious of traffic and able to avoid from any possible accidents 
while driving. Safe driving is an outcome of a sequence of events and 
interactions among events occurring of a person, vehicle, and environment 
(Classen et al., 2010; De Waard, Steyvers, & Brookhuis, 2004). Besides, 
safe driving behaviour is complex as it composed with multiple underlying 
components that brings together attitude, mental and physical fitness. As 
such combination of all these components resulting attention, cognition and 
apt decision making while driving (Classen et al., 2010). 

Safe driving does not just depend on skills and attitudes, but also 
environment an individual resides and the physical environments while 
driving. Past literatures have well documented causes of accident, 
which are the results of socio-economic issue, socio-demographic issue, 
socioeconomic status, rural or urban environment, age/gender, education 
level, living status, personality and condition of road or intersection (Masuri 
et al., 2012; Zulhaidi, Hafzi, Rohayu, Wong, & Farhan, 2010).  

To physically address the issue of accident and creating a safe 
driving environment physical planning approaches that monitor road 
design and development are pivotal. Planning permission and planning 
approval within the city development process have long scrutinised road 
and junction design prior to any layout plan approval. However, as Masuri 
et. al. (2012) recorded, improper design of junction still occur. Thus, these 
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have caused significant increase of accident in the year 2003. For instance, 
accidents occurred at junction were quite significant, constituted 22 % of 
total accident. The finding showed that junction involved was identified did 
not provide enough storage lane for vehicle, while waiting to turn right, 
staggered, T and Y design or lack of safe sight distance (Che-Him et al., 
2018; Mustafa, 2005). Furthermore, without proper street lighting and low 
visibility especially at night, these have increased the number of accidents 
especially to the pedestrian and small vehicles i.e motorcycle and bicycle 
(Mustafa, 2005). Therefore, it is strongly recommended that the issues of 
safe driving environment is not only limited to road and junction design, 
but consideration on the driver visibility which includes road design and 
environment surrounding a junction should be considered as an important 
assessment criteria during any planning permission and plan approval 
process. Thus, continuous occurrences of accident intensified the necessity 
to further investigate key features that determine the driver’s visibility at 
junction or road. 

Driver Visibility

Safe driving is pivotally determined by clear visibility (Haliza, Syah, 
& Norliza, 2010). Literally, visibility is defined as distance between drivers 
that provide good vision to observe surrounding environment while driving. 
Driving in city centre requires good visibility since there are various physical 
forms that reduce visual distance and high volumes of traffic. 

Visibility at junctions particularly, and on road broadly is determined 
by quantity of illumination and visual distance. As such, driver’s visual 
capability is reduced as the quantity of illumination reduces or distance of 
visual is restricted. There are various factors contributed to aforementioned 
situations, mainly due to weather, reduce of sunlight due to change of 
time from day to night, natural circumstances i.e fog, mist, haze, glare 
of sunrise and sunset (Goh, Subramaniam, Wai, Mohamed, & Ali, 2012; 
Tarel, Hautiere, Cord, Gruyer, & Halmaoui, 2010; Zulhaidi et al., 2010). 
In addition, aforementioned factors are mainly temporary circumstances 
and subjected to weather and natural phenomenon. 

Distance visibility on the other hand is mainly subjected by forms 
and structures that are composed by environment that forms a junction or 
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road. These forms and structures may exist in form of nature landscape 
and topography e.g. hills, slopes or three that have long existed  or in build 
forms e.g. building, signage, landmarks, or planned landscape i.e tree and 
scrubs  (Bartie & Kumler, 2010). The availability of these elements within 
certain distance from junctions or roads will limit the driver’s visibility of 
incoming traffic and reduce time in making judgments due to visual search 
and visual distraction  (De Waard et al., 2004). 

Since visibility corresponds to time making judgment while driving 
(De Waard et al., 2004; Kwan & Mapstone, 2006; Tarel et al., 2010), traffic 
management approaches are commonly embedded to assist driver to regulate 
traffic movements, determine speed allowed and inform desired destination. 
As such, visible road mark on the road surface are perfect example that helps 
driver to manoeuvre constant and comfortably (De Waard et al., 2004). 
Unavailability of such measures will certainly consume more time in making 
decision and causing potential delays. Furthermore, road layout i.e. width, 
corners and distance between junctions have significant impact on driver’s 
visibility (Dadashova et al., 2016). Smaller road layouts coincide with slower 
driving speed. As the road width reduces, driver intends to reduce vehicle 
speed while driving or taking turn due to limited space. 

Next, imposing physical measures to increase visibility of drive 
are identified to have significant impact to reduce accident occurrences. 
Furthermore, imposing physical measures such as fluorescent light, retro 
reflective materials and flashing lights have the potential to improve 
detection and recognition of vehicles and incoming traffics (De Waard et al., 
2004; Zulhaidi et al., 2010). However, measures such as reactive measures 
rather than preventive measures do increase road or junction maintenance. 
Therefore, this study highlights that visibility of road junctions could be 
improved by proper integration between physical characteristic of road 
junction and environmental elements that surrounded the road junction. 

Previous studies have identified landscape, signage, street light, 
and road junction geometrical design are pivotal elements (JLN, 2008; 
AASHTO; n.d; JPBD, 2009; FHWA, 2002; TII, 2017; NOAO, n.d; Garda, 
2012)  to asses driver’s visibility. As tree is a living thing, selection of tree 
is the primary concern for landscape architect and planner to ensure good 
visibility at junction. Thus, availability of tree within certain distance, type 
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of tree, height and maintenance are commonly measured by agencies to 
manage and maintain good visibility of driver (JLN, 2008). Conversely, 
signage or billboard is man-made object that is instilled at road junction for 
road information or marketing purposes. The items mentioned may affect 
driver’s visibility due to improper sizing and small gaps between signage. 
Thus, unclear sign or fuzzy wording may cause the driver to take more 
time to comprehend information, subsequently contributed to lowering 
travel speed (FHWA, 2002). Geometrical elements that include design, 
distance between junction and road surface are among common physical 
elements contributed to the ability of driver to observe traffic condition 
while driving. Furthermore, staggered or Y type junction design reduces 
visibility, close distance between junction will result in shorter egress time 
from junction, while poor road surface may reduce attention of the driver 
to the surrounding traffic. Moreover, street light determines the visibility 
of driver primarily during bad weather or at night. As such measures in 
this category is designated to assess visibility based on availability of light 
based on presence of street light and quality of light produced. Therefore, 
measures mentioned in the earlier section are composed to form a framework 
that consists of 15 variables to assess visibility of driver at junction.

Author’s name. 9 
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METHODOLOGY

Instrument Development 

Instrument for the study was designed to adapt subject completed 
instrument or self-administrated data collection method to capture the 
visibility of driver at road junction both day and night time. The literature 
obtained is mainly from journals that are accessible in Google Scholar 
and University Technologi  MARA (UiTM) databases, which were read 
thoughtfully to identify factors that determine the driver’s visibility at 
road junction. This led to identification of 15 variables that are categorised 
into landscape, signage, geometry and street light (refer Figure 1). Each 
variable is arranged into 3 scales ranging from poor, moderate and good, 
with parameters for each scale and variable were based on measurement 
found in the literature. The instrument developed were then applied on 
case study environment to determine the suitability and validity purposes. 

For the case study, elements formed each road junction was measured 
and observed, subsequently recorded in a survey form. Data gathered for 
each junction were then transformed into 3 parameter scores which are poor, 
moderate and good.  In addition, descriptive analyses were also performed to 
each variable to observe the percentage of variables across all road junctions.  

Following this, each variable observation was arranged in a matrix 
table whereas at this stage, each observation and parameters entailed were 
scrutinised for suitability or ground-truthing based on its site condition. 
This technique is commonly used in land use inventory analysis or in GIS 
based research (Rashid, 2013; Teriman, 2012) for variables and parameters 
validation. Therefore, the methods used for this research is not primarily 
for generalisation findings to a larger context, instead the analyses seek to 
determine the capability of variables used to capture the key features that 
form road or junction physical environments. 
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Table 1: Category, Variable and Parameter Scale

Category Variable Parameter Scale Source
Poor Moderate Good

Landscape Availability Less than 1.5 
meter

Within 1.5 
meter

More than 1.5 
meter

JLN (2008)

Height More than 1 
meter

0.5 meter to 1 
meter

less than 0.5 
meter

JLN (2008)

Maintenance There are 
branches less 
than 3 meters 
from street 
level  

There are 
branches 
within 3 meters 
from street 
level 

No branches 
within 3 
meters from 
street level 

JLN (2008)

Types/ 
Suitability

Availability of 
big sized tree 

Availability of 
medium sized 
tree  

Availability of 
scrub 

Distance Presence of 
tree/scrub less 
within 22-meter 
triangle from 
junction

Presence of 
tree/scrub 
within 22-meter 
triangle from 
junction

Presence of 
tree/scrub 
more than 
22-meter 
triangle from 
junction

Signage Size of signage More than 
5-meter sq

Within 5-meter 
sq

Less than 
5-meter sq

JPBD (2009) 

Distance of 
signage

Less 0.3 km 
between 
signage

Within 0.3 
km between 
signage

More than 0.3 
km between 
signage 

JPBD (2009)

Retro 
reflectivity- o 
show the same 
shape and 
similar color by 
both day and 
night

Information are 
not readable

Only some of 
the information 
is readable

Most of the 
information is 
readable

FHWA (2003)

Availability Less than 50 
meters from 
junction 

Within 50 
meters from 
junction

More than 50 
meters from 
junction

JPBD (2009)

Junction 
Design

Junction to 
Junction 
Distance 

Less than 110 
meter 

Within 110 
meter 

More than 110 
meter

TII (2017) 

Junctions 
Design

Staggered Y-Junction T-Junction TII (2017) 

Street Light Availability 1 street light 
found   more 
than 35 meters

1 street light 
found within 35 
meters

1 street 
light found 
less than 35 
meters

MPSP (2017) 

Street Light 
Colour 

yellow-orange - 
LPS lamp 

yellow-orange 
glow - HPS 
lamp 

White - using 
Metal halide 
lamps

NOAO (n.d)

Night Visibility Poor visibility 
of surrounding 

Moderate 
visibility of 
surrounding 

Clear visibility 
of surrounding 

Garda (2012) 
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Study Area 

SIBC is a commercial business district located in Bandar Baru Seri 
Iskandar, Perak. The site was selected as case study mainly due to data 
availability and accessibility factors. The study area was also identified 
suitable to meet the purpose of the study as this area as composed to various 
road hierarchies and junction designs. Thus, the build environment of the 
area that combines both building and nature forms make the study area as 
suitable. Importantly, with a few number of accident cases reported, although 
conflicting road designs are existed. This will be interesting to determine 
the level of driver visibility at road junction in this area. 

There are 13 junctions involved in the study, with movements at 
junctions between 1 to 13 movements (refer Table 2). Number of lanes for 
each road was between 1 of 2 lanes with the smallest road width was 7 feet 
and the widest was almost 16 feet. 

Author’s name. 13 

There are 13 junctions involved in the study, with 
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Figure 2:  Study Area at Bandar Seri Iskandar Business Centre  

 
 
 

Table 2: Profile of Road Junction 
 

Location No of Movements Lane Width  Number of 
Junction 

Entrance to Mc Donald  2 7 ft. 1 
Entrance to BHP Petrol 

Station  2 7 ft. 1 

Exit to BHP Petrol Station 1 7 ft. 1 
Persiaran SIBC  6 15.37 ft. 1 

Persiaran SIBC 12 7 15.38 ft. 1 

Figure 2: Study Area at Bandar Seri Iskandar Business Centre
Source: Author
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Table 2: Profile of Road Junction

Location No of Movements Lane Width Number of Junction

Entrance to Mc 
Donald 

2 7 ft. 1

Entrance to BHP 
Petrol Station 

2 7 ft. 1

Exit to BHP Petrol 
Station

1 7 ft. 1

Persiaran SIBC 6 15.37 ft. 1

Persiaran SIBC 12 7 15.38 ft. 1

Persiaran SIBC 13 6 15.38 ft. 1

Persiaran SIBC 15 8 15.12 ft. 1

Persiaran SIBC 16 
(ECO)

13 15.66 ft. 1

Persiaran SIBC 2 4 15 ft. 1

Persiaran SIBC 20 11 15.12 ft. 1

Persiaran SIBC 22 6 15.12 ft. 1

Persiaran SIBC 4 6 10.48 ft. 2

Total 72 - 13

Source: Author

RESULTS AND DISCUSSIONS 

Introduction 

Result for the study was analysed in two stages. In the first stage, 
scores of all junctions were summarised in a table in order to explain the 
trend across variables. At this stage, percentage of variables in each score 
was observed and analysed. These data and parameters were then scrutinised   
in order to assess suitability of each variable with driver visibility at road 
junction. 
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Performance of Junction and Road

Table 3: Percentage of Road Junction Based on Parameter Scale

Category Variables Percentages (%)

Poor Moderate Good

Landscape Availability 38.5 15.4 38.5

Distance 15.4 69.2 7.7

Height 15.4 69.2 7.7

Maintenance 7.7 7.7 76.9

Suitability - 7.7 61.5

Signage Signage Size - 30.8 30.8

Distance to 
Junction 

38.4 15.4 46.2

Retro 
reflectivity 

38.5 7.7 53.8

Geometry Junction to 
Junction 
Distance

38.5 46.2 15.3

Design  - 38.5 61.5

Street Light Availability 15.4 - 84.6

Colour  23.1  - 76.9

Night Visibility 30.8  - 69.2

Source: Author

Assessment made to all junctions were based on four categories; 
landscape, signage, geometry and street light, which were identified as 
mixed findings. As for variables in landscape category, the analyses involved 
distance, height and suitability of landscape elements that were ranked 
moderate, while, landscape maintenance received good average score. The 
landscape variables ranked were in such a way due to the location of the 
study area within city centre.  Therefore, trees and landscape elements were 
under regular maintenance by the city council resulted in decent landscape 
condition.  
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Contrary, findings based on the signage category were quite differ even 
across scores. The study identified scores in this category concentrated either 
in poor or good score. Distance and Retro reflectivity received highest score 
that were mostly 46.2 percent and 53.8 percent, respectively. 

Assessment made on variables in the geometry category showed 
elements of design and surface that were ranked between moderate and 
good, while none of the junction in the study area was ranked poor. As 
for assessment made on distance between junctions, ranks were identified 
skewed to left with most of the junctions received score between moderate 
and poor. 

For variables listed in street light, most were ranked good or poor. 
These patterns were mainly influenced by the availability of street light at 
junction. The study identified unavailability of street light at road junction 
have resulted in poor score for road junction. Therefore, high collinear may 
exist between variables in this category. 

Variable Suitability

Analyses using suitability matrix aims to determine each variable 
and entailed parameters capability in assessing driver visibility at road 
junction. During these analyses, suitability of each variable and entailed 
measurement were assessed based on two main aspects which are availability 
of element on ground condition and suitability of each scale to measure 
ground condition. 
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Table 4: Suitability Matrix Analyse

Category Variables Element 
Availability 

Scale Suitability Comments

Landscape Availability Present of 
landscape 
element in most 
junctions 

Present of 
elements in 
each scale 

Variable able 
to capture 
environmental 
condition at 
the study area, 
therefore are 
suitable for 
inclusion

Height Present of 
landscape 
with different 
height in most 
junctions 

Present of 
elements in 
each scale 

Maintenance Variable was 
available in all 
junctions 

Present of 
elements with 
different scale 

Types/ 
Suitability

Variable was 
available in all 
junctions 

No element 
received Poor 
scale 

Scale require 
some modification

Distance Various 
distance was 
recorded 

Present of 
elements in 
each scale

Measurement 
able to capture 
environmental 
condition at 
the study area, 
therefore are 
suitable for 
inclusion

Signage Size of signage
Distance of 
signage.

Variable was 
available in all 
junctions 

No element 
received Poor 
scale

Scale require 
some modification

Retro 
reflectivity- o 
show the same 
shape and 
similar color by 
both day and 
night

Present of 
elements in 
each scale 

Measurement 
able to capture 
environmental 
condition at 
the study area, 
therefore are 
suitable for 
inclusionJunction 

Design
Junction to 
Junction 
Distance 

Variable was 
available in all 
junctions

Present of 
elements in 
each scale

Junctions 
Design

No element 
received Poor 
scale 

Scale require 
some modification
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Street Light Availability Variable was 
available in all 
junctions 

No element 
received 
Medium scale 

Measurement 
primally subjected 
to availability of 
street light.Street Light 

Colour 
No element 
received 
Medium scale 

Night Visibility No element 
received 
Medium scale 

Source: Author

Suitability analyses identified that most of the variables and   
measurement used were suitable to measure driver visibility at road junction. 
However, there were some variables and entailed measurements that require 
modification to improve the assessment process. 

Variables in the landscape category were mostly identified to be able 
to capture the ground condition with both availabilities of the variable and 
suitability of parameters which show variation of observations. However, 
measure of type/suitability in this category that was identified with no 
road junction was given poor score. This situation is anticipated since road 
junctions in the study area are managed by a local authority. Therefore, 
selection and maintenance of tree are scheduled and regularly conducted. 

Variables in the signage category were also identified to determine 
the suitability of assessing road junction visibility. The assessment made 
would identify variables used and existed in the study area. Thus, elements 
at the ground were able to be arranged using the scale. However, the study 
should also consider the availability of signage in the measurement, since 
the availability of signage will determine the score for signage size, clarity 
and distance. 

For variables in the geometry category, both variables were identified 
able to capture ground condition by using the established parameters. The 
measure could also be improved by including  distance of straight road 
measured between junctions to curve road (Jamson, Benetou, & Tate, 
2015) and surface condition as to determine the degree of road abrasion, 
fatigue performance of asphalt or road aging (Roesler, Jeffery, Hiller, & 
Brand, 2016). 
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The street light measurement is also greatly subjected by the availability 
of street light at the study area. The study identified unavailability of street 
light has also contributed to no observation. This was also recorded to colour 
and night visibility. Observation of type of light displayed little variation 
in the findings. The study assumes light types will result in illumination of 
quality e.g led street light produce – blue colour, low/high pressure sodium – 
yellow/orange; metal halide – white light. However for the case on the study 
area, only low/high pressure sodium that produces yellowish illumination 
were detected (“Types of Light,” n.d.). Thus, high subjectively of night 
visibility on availability and type of street light, the measurement category 
and parameters entailed are considered as uni-dimensional and imperil to 
high similarity. Although, Rashid (2013) recorded uni-dimensional variable 
is capable to capture multi facets of a complex phenomenon and explained 
most of the variance of the dimension under study, however such application 
in this study should be reconsidered as the unavailability of observation 
resulting in poor observation data. These findings however should not dictate 
the measurement used since the application of various light types could be 
found in a larger study area.  

CONCLUSION

Relation between driver visibility and the state of transportation sustainability 
are apparent and well documented in the literature. Primarily and worth to 
mention is the association between driver’s visibility and accident cases. 
Therefore, good visibility while driving need to be given attention during 
transportation system planning, provision and monitoring stages. However, 
the lack of assessment criteria that consider physical and spatial elements 
such as landscape, street light, junction design, geometry and signage make 
monitoring, has caused safety of driving especially at road junctions agitated.  

This research proposed assessment criteria to determine the driver 
visibility by considering both physical and spatial arrangement surrounding 
a road junction. Applying this method as a case study is not primarily to 
make generalisation, instead the capability of the variables to capture key 
physical features that form road or junction environment and the suitability 
of the parameters used are of primary concern. 
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To address this notion, the analyses were conducted in two stages. 
First, performance analyses based on each variable category. The findings 
showed that variables in landscape and street light, perform better compared 
to variable in signage and street geometry, whereas most road junctions 
were given good and moderate score for this category. This also suggests 
that variable and measures used were able to clearly reflect condition on 
the ground. 

Secondly, each variable was used to assess and determine each 
parameter scale suitability in assessing driver’s visibility at road junction.  
For this reason, comparison was made between data collected with the 
availability of variables at ground and suitability of parameters used to 
capture all possible ground conditions. Although, most variables and 
parameters used were capable to capture most environmental conditions 
that form a road junction at the study area, some of the parameters i.e types/ 
suitability, size of signage and junctions design require modification in 
ensuring all conditions are considered in the parameters. 

Application of the assessment criteria to determine driver visibility is 
envisioned to produce safer driving environment in Malaysia. Considering 
the continuous challenges in providing safer driving environment, future 
research on driver’s visibility at junction or roads should consider application 
of listed criteria in other city centres, primarily areas with high traffic 
volumes. In addition, it is recommended inclusion of other elements that 
determine driver’s visibility such as driver’s health condition, and visibility 
during harsh weather condition are worth for exploration. 

The findings of the study have contributed to a better understanding 
on the importance of physical environment forming a junction or road and 
visibility of driver. Thus, the assessment will certainly benefit the local 
transport agencies during planning and monitoring stages of road and 
junctions.
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ABSTRACT

The aim of this study is to analyse the relationship between vegetation 
indices	of	Normalized	Difference	Vegetation	Index	(NDVI)	and	soil	nutrient	
of oil palm plantation at Felcra Nasaruddin Bota in Perak for future 
sustainable environment. The satellite image was used and processed in 
the	research.	By	Using	NDVI,	 the	vegetation	 index	was	obtained	which	
varies from -1 to +1. Then, the soil sample and soil moisture analysis were 
carried in order to identify the nutrient values of Nitrogen (N), Phosphorus 
(P)	and	Potassium	(K).	A	total	of	seven	soil	samples	were	acquired	within	
the oil palm plantation area. A regression model was then made between 
physical condition of the oil palms and soil nutrients for determining 
the strength of the relationship. It is hoped that the risk map of oil palm 
healthiness can be produced for various applications which are related to 
agricultural plantation.
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INTRODUCTION

In this new millennium, the concept of sustainability is trending in the oil 
palm industry. This is because currently, worldwide focuses on holistic 
concept of food producing process that includes three main perspectives 
of sustainable development such as social, environmental and economic 
sustainability (Yew, et al., 2016).

This research aims to determine the environmental causes of the 
destruction of oil palm trees using Remote Sensing technique and produce a 
risk map of Felcra Nasaruddin Bota, Perak. Besides that, this study focuses 
more on the sustainability of oil palm plantations, as it can assist in detecting 
and finding which areas of an oil palm plantation are infected by pests. The 
information gained may help relevant agencies such as the Department of 
Agriculture in preventing the oil palms from being destroyed unnecessarily. 

In order to achieve the objectives, the latest Remote Sensing imagery 
obtained from the Malaysian Space Agency (MYSA) is processed using 
ERDAS Imagine software, in which the vegetation index, Normalized 
Difference Vegetation Index (NDVI) was used. The range of vegetation 
index varies from -1 to +1. An analysis of soil sample and soil moisture 
was done at a physics lab to obtain the nutrient values of Nitrogen (N), 
Phosphorus (P) and Potassium (K). These tests determine their influence 
on oil palm trees. A total of seven soil samples were obtained from the oil 
palm plantation area.  

 
The results from the tests indicate nutrient value in soil. A regression 

model will then be made between the palm oil’s condition and soil nutrient. 
The risk map that is produced from this can be used in evaluating the health 
of other oil palm plantations. Thus, the usage and implementation of remote 
sensing data can be a method of sourcing information on large oil palm 
plantations. By using this method, the management of oil palm plantations 
would be able to obtain specific details about the oil palm physically and 
soil fertility. 
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LITERATURE REVIEW

Analysing the physical characteristics and soil nutrient of an oil palm tree 
are crucial steps in identifying its health. This is to make sure that the palm 
tree is free of pest infestation so that the oil palm yield can experience 
rapid growth. In return, this will affect the socio-economic demography of 
Malaysia as the oil palm plantation sector has been generating employment 
for approximately 570,000 people so far since 2011 as mentioned by Prof. 
Datuk Dr. Mohd. Azmi Mohd Lila (2016), who was a former Vice Chancellor 
of Research and Innovation from UPM. The process involves determining 
the correlation between soil nutrient and physical characteristics of oil 
palm trees. Table 1 shows the review of other researches that are related in 
analysing the physical characteristic and soil nutrient of palm trees. 

The previous studies conducted looked at the processing of digital 
images to classify plant disease (Barbedo, 2013; Shafri and Hamdan, 2009; 
Lelong et al., 2010; Azahar et al., 2008; Tawfik et al., 2013). All the research 
objectives were basically similar, while the difference lies in the type of data 
and methods implemented. A study on detecting the potential of Red Palm 
Weevil in destroying oil palm was conducted by Idris et al. (2014), which 
was done in the states of Kelantan and Terengganu respectively, while Pohl 
and Loong (2015) collected the physical characteristic of oil palm such as 
height. Another study, conducted by Chemura (2015) involved collecting 
information about the age of oil palm to do mapping on the oil palm area.

Earlier research on this, however, lacked some data. Based on the 
reading from earlier research, there are different types of data processing 
and data collection that can be referred to in the methodology. Nevertheless, 
some research methodologies mentioned in the research did not explain 
the processes used explicitly. This has created some difficulties for readers 
to understand the method used by the researchers. In addition some of the 
earlier researchers also did not describe the results and analysis clearly. The 
results and analysis are the most important parts of the research; this has 
created  a disadvantage for the readers.

 
Therefore, based on the earlier research in Table 1, the research gap 

identified is on the analysis of the physical characteristics and soil nutrient 
of oil palm trees at Felcra Nasaruddin, Perak. The data used a satellite image 
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of mosaic SPOT 6 and SPOT 7, while the method implemented for analysis 
is Normalized Difference Vegetation Index (NDVI).

Table 1: Previous Research

Author Title Objectives Methods Research Gap
(Tawfik, Shafri, 
& Mohammed, 
2013) 

Disease 
Detection 
from Field 
Spectrometer 
Data 

To determine 
Ganoderma 
diseases

Vegetation 
Indices was 
used using 
Math Lab. 

Detection 
by doing 
correlation 
between soil 
nutrient and 
palm oil age 

(Pohl, Loong, & 
Van Genderen, 
2015)

Multisensor 
Approach to Oil 
Palm Plantation 
Monitoring 
Using Data 
Fusion and GIS 

To map oil palm 
age profiles of 
the plantations 
in the country

Ground data 
collection and 
processing

Physical 
characteristics 
such as height, 
fronds, trunks, 
and age. 

(Idris et al., 
2014)

The Potential 
of Red Palm 
Weevil Infesting 
and Destroying 
Oil Palm 
Industry in 
Malaysia

To monitor the 
red palm weevil 
infestation.

To monitor the 
red palm weevil 
infestation 
using 
pheromone 
trap.

Physical 
components 
that attract the 
insect infesting 
oil palm have 
not been 
studied.

Therefore, this section discusses on oil palm tree, soil nutrient, 
vegetation indices and remote sensing technique to determine the 
relationship of oil palm nutrient deficiencies with vegetation indices.

Oil Palm Nutrients

Nutrient is one of the most important things needed by crops or 
trees in order to growth healthy. Nutrient can be defined as the substances 
that provide food and is important to maintain life. There are two types 
of nutrients for plants, macronutrients which can be derived from air and 
water as well as micronutrients, which can be obtained from trace minerals. 
There are three main nutrients in oil palm - nitrogen (N), phosphorus (P) 
and potassium (K). All these nutrients are important for the growth of the 
oil palm (Azahar, Boursier, & Idris, 2008). These nutrients that oil palm 
requires to grow well are acquired from fertilizers. The ratio of fertilizer 
needed for oil palm is 3N: 0.4P: 1.7K (Broschat, 2008). 
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Vegetation Indices

Vegetation indices are a mathematical combination that describes 
the greenness of vegetation by using visible and near-infrared bands of 
electromagnetic spectrum. It describes the health condition and relative 
density of vegetation whereby the information can be seen through pixels in 
a satellite image and cause spectral properties of green plants to materialize 
more distinctively from other image features. There are various types of 
vegetation indices such as Normalized Difference Vegetation Index (NDVI) 
and Soil Adjusted Vegetation Index (SAVI). However, NDVI is the most 
widely used. 

 
Additionally, it is a combination of exterior reflectance at two or more 

wavelengths in order to focus on a certain trait of the plants. The vegetation 
indices will indicate the amount of vegetation such as leaf area index (LAI) 
and able to distinguish between soil and vegetation (Hamdan, 2009).

Remote Sensing and GIS Technique in Determining the 
Nutrients Deficiencies of Oil Palm

Oil palm plantations are an important resource in Malaysia because the 
fabrication of palm oil is one of the major economic sources in Malaysia. 
By using Remote Sensing and GIS technique, it can help farmers and 
the management of oil palm plantation to sustain the oil palm plantation 
especially in detecting disease, nutrient and production of the kernel even 
in large areas. 

Nowadays, remote sensing imagery is widely used to monitor the oil 
palm plantation, whereas the GIS acts as the geographic database which 
gives spatial information such as tree coordinate, type of disease, age 
and nutrient content. Besides that, utilizing vegetation index using near 
infrared and visible region from electromagnetic spectrum can determine 
the greenness of the vegetation. There are a lot of vegetation indices that 
can be used such as Normalized Difference Vegetation Index (NDVI) and 
Soil Adjusted Vegetation Index (SAVI) (Marzukhi et al., 2016).
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METHODOLOGY

The methodology for this research was constructed based on three 
objectives. The first stage was data acquisition. This stage involved two 
processes, satellite image processing and ground verification respectively. 
The data required for satellite image processing were remote sensing images 
from mosaic of SPOT 6 and SPOT 7. There are four steps of processing 
satellite images which are define projection, data import, subset, and image 
enhancement. For data import, satellite images were acquired using ERDAS 
imagine software, while for subset box technique was used instead. Next, for 
the image enhancement process, the technique used was haze reduction and 
rescale. Following that, the ground verification process was required. For this 
process, site preparation and identification were carried out. It was divided 
into two tasks namely soil sampling and detecting physical characteristics. 
The purpose of soil sampling is to identify the content of Nitrogen (N), 
Phosphorus (P) and Potassium (K), while the physical characteristics that 
were analysed include the trunk, age, and fronds.   Finally, GIS software was 
used to develop a database to produce a risk map. The purpose of producing 
a risk map is to use to predict the health of other oil palm plantations. 

Satellite Image Processing

Image processing is the most important step in processing remote 
sensing imagery. The processing of SPOT 6 and SPOT 7 images were done 
using ERDAS Imagine 2014 software. The steps included data import, subset 
and image enhancement. Besides the tools in ERDAS Imagine 2014, the 
process also included the NDVI method to identify the range of greenness in 
the vegetation, whereas define projection was done using Arc GIS 10.4. In 
addition, Arc GIS 10.4 software was also used to extract the NDVI value of 
each oil palm that had undergone soil testing and to produce the NDVI map. 

Vegetation Index Processing

Next, the satellite image underwent the Normalize Differential 
Vegetation Indices (NDVI) process. This was to determine the range of 
greenness of the oil palm tree. It is the simplest but most effective way to 
determine vegetation index. The value of NDVI varies from -1 to +1. In 
addition, the highest NDVI value will determine the healthiest oil palm tree. 
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The bands that are needed in the NDVI process are red and near infrared 
band. This is shown by using the formula below:

NDVI = (NIR - RED) / (NIR + RED)

Figure 1: Image After NDVI Process
Source: Author

After running the NDVI process, the image was exported to Arc GIS 
10.4 software to extract the NDVI value. Then, classification of the NDVI 
image was done based on the classification that was needed. The NDVI 
map was also produced using Arc GIS 10.4.

Soil Sampling

Soil sampling was divided into seven sections as there were seven soil 
samples taken to analyse the nutrient of nitrogen (N), phosphorus (P) and 
potassium (K). The acquisition of soil samples must adhere to guidelines 
as to ensure the accuracy of nutrient value. In addition to this, the apparatus 
required for soil sampling include a clean bucket for mixing the soil, plastic 
bag for keeping the soil, marker pen to mark the sampling beg and shovel 
in order to take out the soil from the ground.

After the soil test was conducted, a regression model between palm 
oil age and soil nutrient was produced through statistical process.
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Determination of Oil Palm Physical Characteristics

The physical characteristics of oil palm trees in the areas of soil 
analysis were also identified. There are many parts of oil palm trees which 
can be diagnosed for nutrient deficiencies such as the trunk, fronds and 
leaves, age, the fruit and bunch production. 

Nitrogen is one of the most important nutrients in a plant including 
oil palm trees. Trees that are lacking nitrogen will have yellowing fronds. 
Other than that, it will cause the production of oil palm fruit to decrease. As 
we can see, the nitrogen content at Bendang Bekul and Plot 6 is very low 
at only 0.10% and 0.09%. It is proven because when oil palm trees from 
these plots were diagnosed it showed frond and leaves that were yellowish 
in colour (Figure 2).

Figure 2: Oil Palm Trees that are Nitrogen Deficient
Source: Author

Phosphorus is important to plants because it helps to convert other 
nutrients into usable building blocks to grow. If the oil palm tree has a 
phosphorus deficiency, it will cause the trunks of oil palm tree become 
narrow and tapered. Previous studies reveal that it will cause the fruits and 
bunch size to reduce. Based on this study, it can be concluded that Plot 9 
and 4 have a phosphorus deficiency because the phosphorus content in this 
plot is low compared to other plots. In Figure 3 below, fruits fall from its 
bunch due to lack of phosphorus.
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Figure 3: Oil Palm Fruits with Phosphorus Deficiencies
Source: Author

Meanwhile, potassium deficiencies are more prevalent in older oil 
palm trees (Figure 4). As seen in the results of potassium content for the 
plot Bendang Bekul, the age of the oil palm tree is 26 years old and the 
potassium content in the tree is lowest compared to other plots, with only 
0.34 cmol+/kg potassium content. Other than that, the lack of potassium 
can cause Ganoderma basal stem-rot and vascular of the oil palm tree wilt. 
Based on this study, it can be concluded that lacking potassium can also 
cause Ganoderma disease. Plot 4 has the second lowest potassium value 
among other plots at 0.45 cmol+/kg and the oil palm tree had been infected 
by the disease.

Figure 4: Oil Palm Tree with Potassium Deficiency
Source: Author
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Statistical Analysis Process

Statistical analysis process is a mathematical model used to interpret 
data for making analysis. The statistical model for this research was done 
using Microsoft Excel. The result of the statistical process is based on the 
data collection and data processing through satellite image processing and 
soil sampling.

Data analysis can be described as the process of systematically 
applying statistical or logical techniques to explain and demonstrate, 
compress, summarize, and to assess data. In this research, the tools used 
were regression analysis and correlation analysis.  

Regression analysis is a statistical process to estimate the relationship 
among variables. It has numerous techniques for modeling and analyzing 
variables. There are two types of regression analysis - linear and non-linear. 
This analysis can help users to understand the changes experienced by 
dependent variables when some independent variables are varied, while 
some are fixed. Regression analysis is popular in weather forecasting and 
prediction. The performance of the method, however, depends on the type 
of the data generating process.

Correlation analysis is the statistical application used to study the 
closeness of the relationship between two or more fundamentals. It is 
the analysis that measures the hardiness of association between two 
variables and the direction of the relationship.  In terms of the toughness of 
relationship, the value of the correlation coefficient varies between +1 and 
-1. When the value of the correlation coefficient lies around ± 1, then it is 
said to be a perfect degree of association between the two variables. As the 
correlation coefficient value goes towards 0, the relationship between the 
two variables will be weaker. There are five types of correlation analysis 
for instance Pearson, regression, Spearman, partial and multivariate.

RESULTS AND DISCUSSIONS

There are seven soil samples that were collected from seven different plots. 
Observation on the physical condition of oil palm was done before the 
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soil samples were collected. Table 2 shows the information and condition 
of the oil palm tree, whereas Table 3 shows the results of nutrient value 
in soil sample and its content. Lastly, Table 4 shows the NDVI value of 
each soil sample. Based on the physical condition of the oil palm tree, the 
health stage of the oil palm tree can be predicted, whether it is healthy or 
unhealthy. In addition, Mosaic of SPOT 6 and SPOT 7 were used as it has 
a higher resolution of 1.5m, while LANDSAT 8 image has a resolution of 
30m. Besides that, SPOT satellite imagery has two spectral bands that is 
important in NDVI analysis which are visible light (red) and near infrared. 
Based on Figure 5 (i), (ii), (iii) and (iv), the strong correlation is between 
phosphorus and NDVI that is R² that is equal to 0.420. This result shows 
that the element that interacts strongly with NDVI is phosphorus. 

Table 2: Information and Condition of Oil Palm Tree

Plot Coordinate Year Age Physical 
Condition

Northing Easting

7 477773.424 328935.478 2014 3 unhealthy

4 476922.317 328301.489 2006 11 unhealthy

Pulau Juar 474839.321 327764.681 2016 1 healthy

6 476336.103 331805.617 2009 8 unhealthy

Bendang 
Bekul

476500.31 331857.674 1991 26 unhealthy

9 475221.15 333590.663 2010 7 healthy

10 476153.35 333246.647 2010 7 healthy

Source: Author

Based on Table 2, there are seven soil samples collected from seven 
different plots. As we can see, the status of nutrient content in Plot 7 and 
10 were the same, indicating a high level in nitrogen and phosphorus at 
0.75%, 0.64%, 873.3 ppm and 830.5 ppm, while low potassium content was 
at 0.61 cmol+/kg and 0.47 cmol+/kg. Other than that, the nutrient content 
in Plot 4 and 9 were the same that was very low nitrogen content at 0.06% 
and 0.04%, medium phosphorus content at 293.1 ppm and 268.7 ppm, and 
low potassium content at 0.45 cmol+/kg and 0.69 cmol+/kg. 
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Next, the nitrogen content for Plot 6 and Bendang Bekul were the 
same, which was very low despite a slight difference in value at 0.01%, 
while the phosphorus content was high. Besides that, the potassium content 
for these plots is different that was very high for Plot 6 at 2.28 cmol+/kg 
and very low for Plot Bendang Bekul at 0.34 cmol+/kg. Lastly, the nitrogen 
content in Plot Pulau Juar was medium at 0.21%, phophorus and potassium 
content was high at 781.9ppm and 1.46 cmol+/kg respectively. Based on 
this result, we can see that the content of phosphorus is high in majority of 
the soil sample. From the previous research, if the content of phosphorus 
is high in soil, it will cause excessive growth of vegetation and damage to 
the aquatic ecosystem; this is evidence especially if there movement from 
the soil into water surface (Horneck, 2011).

Table 3: Result of Soil Nutrient Value and its Content

Plot Element

Total 
Nitrogen

(N)-%

Content Total 
Phosphorus

(P)-ppm

Content Exchangeable 
Potassium

(K)-c mol +/kg

Content

7 0.75 High 873.3 High 0.61 Low

4 0.06 Very Low 293.1 Medium 0.45 Low

Pulau Juar 0.21 Medium 781.9 High 1.46 High

6 0.09 Very Low 423.9 High 2.28 Very 
High

Bendang 
Bekul

0.10 Very Low 410.1 High 0.34 Very 
Low

9 0.04 Very Low 268.7 Medium 0.69 Low

10 0.64 High 830.5 High 0.47 Low

Source: Author
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Table 4: Result of Normalized Difference Vegetation Index (NDVI)

Plot NDVI Value

7 0.348478

4 0.467281

Pulau Juar 0.108099

6 0.495016

Bendang Bekul 0.476967

9 0.499632

Source: Author

   Figure 5(i): Nitrogen vs NDVI        Figure 5(ii): Phosphorus vs NDVI
Source: Author

  Figure 5(iii): Potassium vs NDVI   Figure 5(iv): Oil Palm Age vs NDVI
Source: Author

Furthermore, Figure 6 below shows the NDVI map that depicts the 
greenness value of oil palm tree and Figure 7 shows the risk map that 
indicates the health condition of the oil palm tree based on five feature 
classes.
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Figure 6: NDVI Map
Source: Author

Figure 7: Risk Map
Source: Author

CONCLUSION

Based on the analysis that has been done, both techniques were used in 
this study to determine the relationship between soil nutrient and NDVI 
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value. The techniques used showed a good indication in determining the 
healthiness of oil palm tree. This is because the value of soil nutrient can 
be compared with the NDVI value to determine the relationship. Besides 
that, by using NDVI technique, the greenness of the vegetation area can be 
identified. Furthermore, the regression analysis (R²) result can also show 
which nutrients play an important role in determining the health’s condition 
of the vegetation. 

Therefore, by doing this research, it is hoped that it can assist the 
government agencies that are related to agriculture especially oil palm in 
determining other factors that might influence the deteriorating of oil palm 
tree production and of course to maintain the sustainability of physical 
environment for future development. 
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ABSTRACT

‘KNOW YOU APP’ was developed for the public to properly identify 
individuals.	An	individual	in	any	organization	can	be	identified	by	simply	
typing	the	organization	and	the	individual's	name;	consequently,	the	detailed	
biodata and the photo of that individual will be displayed. Additional, this 
app include the recording of meetings so that in the future when they meet 
again, these records can provide information like when, where and why they 
met	before.	30	respondents	were	selected	from	among	the	UiTM	Pahang	staff	
to provide feedback as users and by using SPSS analysis, a very positive 
feedback was found with 95% respondents gave a mean score of 4.0 to 5.0 
to	show	the	effectiveness	level	of	this	mobile	application.		
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INTRODUCTION

People are used to computer application in the modern age of information 
and communication system. Yet the usage and development of Mobile 
Application is a new and rapidly growing sector in this millennium. 
Nowadays, mobile application is fast developing in the age of global 
Information and Communication Technology. It is simple, easy to use, 
economical, downloadable and run able in most of the mobile phones in 
the market. The mobile application has a wide range of use for its vast 
functioning area like calling, messaging, browsing, chatting, interpersonal 
organization correspondence, audio, video, game and others. 

A mobile application has a positive impact on society such as 
increasing household income by joining the online marketing, increasing 
quality time with family where we can reduce time at the shopping mall, 
improving the relationship among the members of society where any 
discussion or meeting can be done online and so forth. 

All these and other benefits of mobile application usability can be 
achieved due to several factors such as screen resolution, connectivity issues, 
hardware limitations data usage and limited interaction possibilities. Now 
and onwards, the mobile companies are trying hard to develop a mobile 
device with more screen resolution, more storage, better connectivity which 
provide better environment for modern mobile application.

Mobile applications can catch on a small hand hold mobile device 
other than it is lighter, moveable, user friendly and can be accessible 
anywhere and anytime (Islam et.al 2010). The development of social or 
community relationship starts from individual involvement in the society 
and environment. Based on a previous study, this relationship is an important 
factor in order to create a well-being neighbourhood with scoring 7.80 after 
8.28 for family and spiritual component factors (Siti Rasidah, Khalilah & 
Azran, 2016). These findings indicate the environments within peoples’ lives 
and work. These indicators may deal with issues such as levels of health 
care provision, crime, education, leisure facilities, and housing.

When we focus on community relationship issues, it looks like the 
individuals normally are exposed to the act of impersonation. Nearly every 
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day news related to the acts of impersonation is reported by the media 
and Malaysia is not excluded. In other words, impersonation is a planned 
deception in connection with the misuse of personal information for the 
benefit of the individuals and their targets are not limited to women and 
the elderly but also professionals (Shahar, 2017). According to Saeed 
et.al (2014), impersonation attacks are called spoofing attacks and act of 
pretending to be another person in committing fraud. The attackers assume 
identification of another node in the network, and acceptance of messages 
directed to the node it fakes. Usually, this would be one of the first steps 
to intrude a network with the aim of carrying out further attacks to disrupt 
operation (Tamilselvan & Sankaranarayanan, 2007). 

Some research findings related to fingerprint issues, identified the 
consumers’ legitimate wireless devices equipped with RF fingerprinting 
mechanism are exposed and vulnerable to the attacks of impersonators 
through the wireless network. The impersonator would replay the 
legitimate wireless devices signals in such a way that the physical layer RF 
fingerprinting scheme in compromised and wireless devices are unable to 
discriminate between a legitimate and a malicious device (Saeed, Sowerby 
& Coghill, 2014). There are two types of malicious attackers: (1) Focused 
attackers that are full time attackers, dedicated professionals who have 
nothing better to do than target specific enterprise, and (2) Opportunistic 
attackers that attack a wireless network (a target opportunity with no 
functional level of security that can be easily compromised) (Gour, Agarwal, 
Singh & Kumar (2014). 

In addition, the consumer uses various mobile services, such as social 
networking, messaging, shopping, paying bills or entertainment apps for 
daily trades and this gives more opportunity for impersonators to steal 
consumers’ personal data after a consumer accept permission requests. By 
accepting the requests, the app often shares personal information such as 
device ID, call log information, or the address book, especially contacts 
when they often unwittingly disclose personal information. This might 
impose a threat to app users’ privacy because the shared information can 
be used to discriminate users in buying situations, to approach them with 
unwanted commercial solicitations, or for fraudulent behaviours, such as 
identity theft (Wottrich, Reijmersdal & Smit, 2018). 
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For some cases related to meeting with unknown individuals, the 
victims were approached by individuals appearing as policemen, military 
officers, registered nurses, insurance agents, bank officers or government 
servants with authority cards. The victims normally are faced with financial 
losses, trauma and even at times injuries. As civilians with no special tools 
to detect the validity of the information provided by those personnel and 
the scarce information available through search engines or websites that 
can be obtained, this limitation makes them easier to become victims. The 
statistics in Malaysia stated that almost every year the impersonation cases 
were reported as shown in Table 1. This situation causes the necessity of 
providing or creating a special tool in order to overcome these problems 
especially the issues related to department or agencies involved.

Based on these grounds, ‘KNOW YOU APP’ was developed for the 
public to properly identify the originality of the information claimed by 
any personnel. Any NGOs, government departments or private agencies 
that wish to protect their institution from scammers or impersonators can 
provide the information of their employees such as name, department and 
employee numbers to the database. By using this smartphone application, the 
public can identify whether the individual really comes from the department 
mentioned by simply typing the department or the organization, followed 
by the individual's name; consequently, the photo and information of that 
individual will be displayed.

In addition, this application also comes with features for users to enter 
any additional information related to the individuals as reference in the 
future. It functions as a reminder for users to recall their last meeting and the 
information can also be shared with other users. This article focuses on the 
information or raw data that need to be stored in the database for analysis 
and used for specified purposes. The information related to the software 
that has been used to develop the database was excluded from the article.  
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Table 1: Impersonation Case in Malaysia

Date Case Department 
/ Agencies 
Involved

Impact/ Issues Source

January 4th, 
2017

Impersonating 
Malaysian 
Anti-Corruption 
Commission 
(MACC) officers

Government 
Agencies

The suspects 
asked 
RM20000 from 
the victim. 
Integrity of 
the MACC 
tarnished.

Shahar, 2017

December 14th,
2016

A 41-year-
old woman 
impersonating 
the Sultan of 
Pahang Sultan 
Ahmad Shah's 
daughter, 
Tengku Aisyah.

Royal Institution The suspect 
request RM 
1.2 million 
from the victim. 
Insult the Royal 
Institution

Khairulrijal, 
2016

May, 2nd 2016 Man caught 
impersonating 
pilot on 
Dragonair flight 
to Malaysia

Private 
Agencies

Integrity of 
the company 
tarnished

Yeung, 2016

May, 23rd 2014 No one knew 
he was not a 
lawyer

Professional 
Bodies

Fraud cases 
and public trust

Spykerman, 
2014

WHY MOBILE APPS?

Environmental communication is the symbol of environment and social, 
public participation in environmental decisions, conflict resolution, 
environmental journalism, social media, environmental advocacy 
campaigns, science communication, environmental justice, and climate 
justice movements, risk communication, green marketing, and corporate 
advocacy campaigns. The communication includes the messages to 
audiences by all means and through all channels (Mekonnen, 2018).

Nowadays, consumers directly (bodily) experience or interact more 
using touchscreen devices (such as smartphones or tablet computers) to 
access websites through multiple finger gestures (tapping, pinching, or 
stretching on the screen) rather than regular computers (Bartikowskia, Gierlb 
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& Richard, 2018). The variety of devices such as mobile devices was used 
as a communication to establish the relationship between the people and 
the environment or the society. 

Mobile devices are easy to install and more compatible compared 
to traditional computers that seems very far-fetched for installing special 
software such as new sources or check weather. It also allow users to access 
applications anywhere via virtual ‘app stores’ or ‘markets’ (Elberzhager 
& Holla, 2017). However, the consumers need to understand the key 
differences between a mobile website and a mobile app even though both 
applications can be accessed on handheld devices such as smartphone and 
tablets.

Mobile Website versus Mobile Apps

A mobile website can be described as a version or adaptation of a 
website specifically created to work well in mobile devices, offering rapid 
download and respecting the screen resolution of devices to meet users' 
interaction expectations (Torres-Péreza, Méndez-Rodríguezb & Orduna-
Malea, 2016). It is similar to any other website in that it consists of browser-
based HTML pages that are linked together and accessed over the Internet 
(for mobile, it’s typically Wi-Fi, or 3G or 4G networks). The obvious 
characteristic that distinguishes a mobile website from a standard site is in 
the design, where a mobile app is built for a smaller handheld display and 
touch-screen interfaces. Like any website, mobile websites can display text 
content, data, images, and video. They also access mobile-specific features, 
such as click-to-call (for dialing a phone number) or location-based mapping. 

By contrast, mobile apps are programs developed to be installed in 
mobile devices, designed for use in a particular task or to offer a particular 
function. The mission of mobile apps is to provide additional value over 
the mobile web, offering information and services with a single touch. The 
privacy, security access and 24/7 availability offered by mobile telephone 
provider also are their principal advantages (Torres-Péreza, Méndez-
Rodríguezb & Orduna-Malea, 2016). Users freely visit device-specific 
portals such as Apple’s App Store, Android Market or Blackberry App World 
to find and download app for a given operating system. The app may pull 
content and data from the Internet, similar to a website, or it may download 
the content so it can be accessed without an Internet connection.
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The benefits using mobile apps are not limited only for accessing the 
booming millennial market but it also improves operating efficiency, creates 
revenue opportunities, reduces distribution cost and fosters customer loyalty 
and brand recognition (Qin, Tang, Jang & Lehto, 2017). According to the U 
& G theory, consumers heavily participate in media usage and choose it as 
a medium of communication based on their previous experience with the 
media. The theory summarizes that it is possible to understand consumers’ 
needs which motivates them to use the media for consumers’ gratification 
and needs (Lee & Kim, 2018).  

In this millennial era, every person uses a multitude of applications 
as their daily tools especially for those who want to be connected 24 hours. 
This fact is supported by Venturebeat that the app market has shown an 
astonishing growth stepping from less than $10 billion annual revenue in 
2011 up to estimated $70 billion by 2017 (Roma & Ragaglia, 2016). Roma 
and Ragaglia (2016) also reported the great market dominated by two 
players: Apple’s App Store and Google Play which have become the most 
popular stores, retaining together almost 90% of the market. In the context 
of Electronic Commerce (EC), the online nature of the transactions in the 
app market is relevant for all generations. 

From the mobile apps survey report, it shows that the people 
worldwide, not limited to the younger generation prefer to use mobile apps. 
There is a rapid increase of apps usage with the numbers of apps available 
in Google Play, increasing from 900000 in 2012 to more than 2.8 million 
in 2017 with more than 50 apps downloaded by each smartphone users 
(Khairulrijal, 2016; Yeung, 2016). In fact, even banks nowadays choose 
to come out with their own banking apps as a method to attract users. This 
has become the motivation for developing this app.

DEVELOPMENT OF KNOW YOU APPS 

Several organizations such as Universiti Teknologi MARA and the Central 
Bank of Malaysia has already listed the staff directories in their websites and 
it can also be accessed by smartphone with connection to the internet even 
without using this app. However, the demand for this kind of applications 
that act as a one-stop centre is higher as it links together the details from 
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several agencies which include government and private agencies, political 
parties, NGOs and professional bodies. Furthermore, the details provided 
through ‘KNOW YOU APP’ may be more precise, updated and enhanced 
with photos.

The ‘KNOW YOU APP’ is an integrated database that gathers the 
list of organization by categories, such as government agencies, private 
agencies, political parties, non-governmental organizations, and professional 
bodies. The selection of these 5 categories is due to two reasons, which 
are the roles and functions of the organizations in dealing with the public 
and also the large organization which make it easy for any individual to 
impersonate as one of their members without being easily noticeable. 
By impersonating the staff of that organization, they are not only able to 
earn money, but also properties, power of attorney, certificates, sensitive 
information or even sabotage the organization they ‘represent’. To make it 
easier for users, ‘KNOW YOU APP’ is equipped with integrated function 
buttons to link the screens. Table 2 shows the functions of the screens.  

Table 2: Summarize Functions of ‘KNOW YOU APP’ Screens

Screen Function

FRONT PAGE Main interface so that the user knows this is the 
‘KNOW YOU APP’

LOG IN The screen to log in to the users’ personal account

REMARKS LIST Official or non-official remarks about the personnel to 
know the linkage with the organization.

MEMBERSHIP Basic information on membership in the organization

INFO Instructions on how to use the ‘KNOW YOU APP’

MAIN MENU The main function menu to of the ‘KNOW YOU APP’ 

SAVE LIST The list of members in the organization with the 
remarks

MEMBERSHIP LIST A list of members in the organization

BARCODE SEARCH Looking for personnel in any organization using a 
barcode system

CATEGORY Organizations by category

CATEGORY LIST Agency listings according to the organization category

SUB-CATEGORY List of departments, faculties, units, etc. within any 
agency.
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AGENCY WEBSITE Link to the agency websites to know more about that 
agency.

CATEGORY INFO A brief description of an agency

PERSONEL WEBSITE Link to the personnel website in order to know more 
about him / her

Source: Author

The database for this app will be monitored and handled by a control 
centre that acts as the administrator. Any organization that intends to store 
their staff details will be required to pay an administrative charge where 
all the information received will be verified prior to the update of the 
database to ensure that only valid and relevant information will be stored. 
This database can be considered as an integrated database for various 
parties but liable to be in charge on one party. Some organizations such as 
private companies prefer to keep the information confidential. However 
they allow the administrator to reveal the identity of their staff based on 
request or enquiry by the public. So, there are functions available for such 
occasions where if the public cannot find the details of the personnel from 
the app, they may still be able to find out the details by interacting with the 
administrator through the message button. Figure 1 shows the flow of the 
operations of the ‘KNOW YOU APP’ and Figure 2 shows the screenshot 
of the app operation.
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Figure 1: Flow of Operations in the ‘Know You App’
Source: Author
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Figure 2: Screenshot of the ‘Know You App’
Source: Author
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FEEDBACK AND DISCUSSION 

To find out the users’ feedback for this application, a survey was conducted 
that involved 30 respondents from diverse backgrounds. All respondents 
were selected from the staff of Universiti Teknologi MARA Pahang. The 
questionnaire was used to gather feedback from the subjects. All the items 
use a 5-point Likert Scale from strongly disagree to strongly agree. The 
analysis of data obtained from the questionnaire was divided into two parts 
and analysed using Statistical Package for Social Science (SPSS). The 
first part of analysis is to determine the mean score for each item based 
on the level of effectiveness (Table 3). Table 4 shows the summary of the 
respondents’ backgrounds while Table 5 shows the mean score for every 
question asked in the survey. 

Table 3: Level of Effectiveness

Level of effectiveness  Score

Strongly disagree 1.0 – 1.99

Disagree 2.0 – 2.99

Not sure 3.0 – 3.99

Agree 4.0 – 4.99

Strongly agree 5.0

Source: Author

Table 4: Summary of the Respondents’ Background

Respondent background Number (%)

Gender Male 16 53.3

Female 14 46.7

Age 20 – 25 6 20

26 – 30 7 23.3

31 – 35 6 20

36 – 40 5 16.7

41 - 45 6 20
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Academic 
Background

Diploma 7 23.3

Degree 11 36.7

Master 8 26.7

PhD 4 13.3

IT background Yes 13 43.3

No 17 56.7

Table 5: Mean Score of the Survey

Item Mean score Level of 
effectiveness

I think the design of this mobile app is attractive 5.00 Strongly agree

I think that I would like to use this mobile app 
frequently

4.93 Agree

I felt very confident using this mobile app 4.90 Agree

I needed to learn a lot of things before I could get 
going with this mobile app

4.90 Agree

I found the various functions in this mobile app 
were well integrated

4.73 Agree

I think that I understand the idea of this mobile 
app

4.63 Agree

I felt this mobile app is helpful and useful to me 4.60 Agree

I think that I would need assistance to be able to 
use this mobile app

4.60 Agree

I thought this mobile app was easy to use 4.33 Agree

I would imagine that most people would learn to 
use this mobile app very quickly

4.33 Agree

I found this mobile app unnecessarily complex 4.23 Agree

I thought there was too much inconsistency in 
this mobile app

2.27 Disagree

I found this mobile app very cumbersome/
awkward to use

1.17 Strongly disagree

Source: Author

Based on the survey conducted, a very positive feedback of this app can 
be seen due to mean scores of between 4.0 to 5.0 in terms of effectiveness 
level for the positive remarks, meanwhile mean score 1.0 to 3.0 for negative 
remarks. These indicated that most of the respondents agree the apps not 
only could efficiently achieve its purposes and objectives but is also user 
friendly. Thus, this proves that the ‘KNOW YOU APP’ would be in demand 
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and is marketable because it will help eliminate or at least reduce the impact 
of impersonation. Statistics from Bukit Aman revealed that more than 11819 
scam and fraud cases have been reported in 2016 that causes more than RM 
389 million losses in Malaysia (Spykerman, 2014) which is a huge loss. 
Besides, the users will feel comfortable using the apps since the graphical 
user interface of the apps was designed according to widely used apps such 
as WhatsApp and some e-commerce apps. 

The feedback also shows that our society is committed in answering 
the questionnaires, during the execution of the survey. For recommendation 
of future research, individuals with Malaysian Certificate of Education 
(SPM) or foundation qualifications or respondents from different positions 
in a department could also be involved.    

CONCLUSION

The ‘KNOW YOU APP’ is developed as the initiative to eliminate or reduce 
the impact of impersonation that cause losses to the public and tarnish the 
image of organizations. Review on the current situation on impersonation 
cases, acceptance of mobile apps by the public and the feedback obtained 
for this app shows the significant potential of it to be commercialized. 
The app also encourages the public to develop community relationship 
and actively participate in environmental communication using the right 
channels to avoid any crimes. 
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ABSTRACT

Despite many sports tourism events have been organized globally yet the 
understanding about the event greening practices is reasonably low. Hence, 
the impact of the sports event towards the environment and the communities 
are exceptionally high. For the purpose of this paper, some academic and 
consultancy-based literature on management and organization of sports 
tourism events in relation to green growth were reviewed. This conceptual 
paper focuses on the conceptualization and implementation of green sports 
events which covers the theory and principles of green practices, strategies 
and implementation of green practices in the case of selected Olympic 
Games, issues and challenges, and the roles of stakeholders.  In addition, the 
critical insight from the literature also provides some “green” suggestions 
to be considered by sports tourism event organisers.
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INTRODUCTION  

Green event can be defined as special events that incorporates sustainable 
and environmentally friendly practice and policy into management and 
operations. It has the greatest potential to minimize various economic, social 
and environmental negative impacts on the destination. It also associates 
with emerging and keeping products and services that fulfil customers need 
and want, without damaging the environment (Praveena, 2013). Importantly, 
Rittichainuwat and Mair (2012) found that the majority of attendees prefer 
to have greener events, eventhough the fees for non-green event are cheaper 
than green event.   

Economically, events can bring thousands of people who will contribute 
to the local economy (Ranjan, 2016), but socially and environmentally, 
events create thousands of tons of waste (Case, 2013), use excessive 
amount of electricity, the damage lands due to overuse and increase Co2 
emission (Ranjan, 2016). Hence, a balance needs to be found to protect 
and enhance the destination’s resources for the future while managing the 
complex interaction of all the stakeholders. Without this, damage can be 
caused to the local environment, producing a social and cultural conflict 
and alienating the host community (World Tourism Organization, 2007). In 
that regard, the current Malaysian government will give more emphasis to 
environmentally-friendly development (Keshminder, 2018),  with a focus on 
pursuing a green agenda specifically on improving conservation, delaying 
climate change (Mohd Shobri, Wan Ali, Mt Akhir & Md Sakip, 2017) and 
reducing carbon footprints (Malaysia, 2015; The Star, Oct, 19, 2018).

According to Goldblatt theory, greener events, promote three core 
values, which are innovation, conservation and education as a result of 
ecotourism, sustainable development, fair trade, renewable energy, corporate 
social responsibility (CSR) and out greening (Refer to Figure 1). Innovation 
refers to creatively harnessing emerging strategies and green technology 
for increased energy efficiency and environmentalism; conservation is the 
responsible use of the earth’s natural resources and waste minimization, and 
education is related to promoting ethical behaviour towards the environment 
by creating memorable event experiences (Goldblatt, 2011). Thus, in order 
to stage a greener event, the event organizers should incorporate green 
technologies, environmentally-friendly plan of action, minimal production 
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of waste, minimal use of the earth’s raw resources, and at the same time 
promoting ethical behaviour towards Mother Nature (Goldblatt, 2011).

Figure 1: Goldblatt Theory of Greener Events.
(Source: Goldblatt, J., 2011)

Not limited to Glodblatt Theory of Greener Events, sports tourism 
event organisers are also free to choose any other green approach produced 
by the local public authority of the host country. Clewer (2014) classified 
going green as an emerging movement that has gained credibility. Therefore, 
local public authority should have their own green event guideline, as 
going green has become an evolution for people’s lifestyle and trending 
Worldwide. (Clewer, 2014).   

METHODOLOGY 

For the purpose of this paper, some academic and consultancy-based 
literature on management and organization of sports tourism events in 
relation to green growth were reviewed. In the review process, the literature 
was accessed through internet search engines on seminal works of the 
previous authors as well as selected academic books available pertaining to 
the area of green practices in organizing sports tourism events. The search 
sought to include as far as possible works from across the globe, although 
much of the research around green sports events has been undertaken in 
Australia, the UK, the US and Canada. However, there is a general scarcity 
of research on green practices on sports events in South East Asia regions, 
the review does include some works from developing countries. Hence, the 
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review does not claim to be exhaustive, but seeks to give a general overview 
of the scope and range of discourse on green practices in organizing sports 
tourism events.

The aims of this concept paper are to discuss on conceptualising the 
green concept and some pertinent issues as well as challenges in organising 
sports tourism events. Hence, with the existence of a proper event greening 
approach it will assist the organizations and companies to promote and train 
their employees on the issue of event greening practices. In addition, it could 
be the new responsibility of the organizations and companies to develop a 
green planning guide which can contribute to a more favourable behavioural 
intention and preferences among event planners and audiences as well. 

PERSPECTIVES FROM LITERATURE REVIEW

The growth of sports tourism events, plays an important role in local identity 
building, increases community participation as well as increases social 
capital (Peric, Durkin & Wise, 2016). Liu and Wilson (2014) believe that 
sports events used as imaging tools in most tourist destinations whereby 
they can draw worldwide media exposure, especially for mega scale events 
such as the  Olympics game. Despite the benefits of sports events, the 
growth of sports event undoubtedly creates diverse and complex impact 
to the economic, sociocultural, psychological, political, and importantly 
to the environment (Preuss, 2013). Osterwalder (2015); Casper, Pfahl 
and Mc Cullough (2014) as well as Preuss (2013) believes that event has 
produced a lot of waste, high consumption of energy and water. Therefore, 
sport event organisers should change the way of managing events by being 
more responsible whereby the event hosted did not harm the environment 
(Osterwalder, 2015). 

Benefits, Strategies and Implementation of Green Practices in 
Sporting Events

Moise and Macovei (2014) posit that responsible actions, social and 
environmental protection are imperative when planning and implementing 
environmentally friendly sporting events in order to fulfil the needs of 
consumers and businesses, as well as meeting the needs of the future 
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by agreeing to maintain or increase the resources. Other than that, the 
green approach has become the central topic discussed by recent scholars 
(Kaufmann, Panni & Orphanidou, 2012).  Eventually, the implementation 
of green event brings various impact to the environment and community 
nearby. For instance, the community can benefit in terms of economic 
savings, environmental health, reduced stress on public infrastructure, and 
the often long-term benefits of the facilities. Green practice in tourism related 
sector also provide a good branding image for the destination whereby it 
has been recognised as “new tourism” (Praveena, 2013). 

Holmes (2015) believes that green practices are important for bid 
process for many mega events. Securing a mega event tender for the next 
consecutive year would be rather more difficult than its bidding process. 
Therefore, Liu (2018) believes that green practice would help to sustain the 
tenders and helping the host to earn more sponsors (FISA, 2013). Moreover, 
green practice is also important to preserve the business in the long term 
(Rittichainuwat & Mair, 2012). 

Great London Authority (2012) stressed that those events, which apply 
the green concept as their management strategy will reap a lot of benefits 
mainly on the reduction of water and energy usage supporting local products 
(Jenkins, 2012) as well as imparting knowledge on environmental impacts 
to the community. A green sports event is a sporting event that stresses on 
utilizing greener resources. There are many ways that the event organizer 
can do to ensure that the event adopt the green concept in their management, 
such as follow the green guidelines which encompassed reducing energy 
and transport usage. Similarly, impact of purchasing, waste and sanitation 
too should be minimized. Thus, by implementing the green concept, not 
only has a positive impact on the environment, but it helps in educating the 
participants and organizers in terms of saving cost and resources (Ranjan, 
2016).

There are numerous ways of maneuvering and employing the 
green concepts in sport events because sports and the environment are 
interconnected, and injecting green concepts to conserve the environments 
are vital. The United Nations Environment Programmes (UNEP) is one 
of the big agencies that has been appointed and involved with a lot of 
mega and major sporting events to ensure that the environment is being 
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protected. Among them are the Olympics Games, FIFA World Cup and the 
Commonwealth Games.  According to Allen et al. (2011), UNEP begin 
working in the field of sport and environment in 1994 and their main 
objective is to encourage the integration of environmental considerations 
in sports. For example, UNEP promotes awareness among the public on the 
importance of the environment and also provides a green guideline for the 
Olympic Games. However, as a result of the impact of the sport events on 
the environment, the green sport movement has not only captured the eyes 
of UNEP but the Natural Resources Defence Council (NRDC) also shows 
their support in joining the cause of protecting the environment and creating 
awareness since 2004. Indeed, the UNEP (2010, n.p.) lists a number of ways 
in which sporting events can impact the natural environment, including:

1.  Development of fragile ecosystems or scarce land;
2.  Noise and light pollution;
3.  Consumption of non-renewable resources;
4.  Consumption of natural resources;
5.  Emission of greenhouse gasses;
6.  Ozone layer depletion;
7.  Soil and water pollution from pesticide use;
8.  Soil erosion during construction and from spectators; and, 
9.  Waste generation from construction of facilities, and from spectators.

In the year of 2005 until 2013, NRDC allied with different associations 
and league such as the Major League Baseball (MLB), National Basketball 
Association (NBA), United States Tennis Association (USTA), National 
Hockey League (NHL), Major League Soccer (MLS), and The National 
Association for Stock Car Auto Racing (NASCAR). Other examples of 
organizations embracing event management environmental sustainability 
initiatives in sports can be found, including the “Green Goal” work done by 
the Federation Internationale de Football Association (FIFA) on the World 
Cup (FIFA, 2006), the Football Association’s FA Cup initiatives (Collins, 
Flynn, Munday & Roberts, 2007), the newfound focus on sustainability 
by the National Football League (NFL) and its flagship Super Bowl event 
(Scharwath, 2012), the 2010 Commonwealth Games (Sobhana, 2010), 
and the London 2012 Olympic and Paralympic Summer Games (Tian & 
Brimblecombe, 2008).
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The Olympic Games and Sustainable Development

According to Jacques Rogge, President of the International Olympic 
Committee, ‘The IOC is committed to promoting sustainable development 
and respect for the environment in and through sport. Our efforts are driven 
by two considerations: the impact that a degraded environment can have 
on the sport, and the effects that sport – and, in particular, the Olympic 
Games – can have on the environment.’(www.unep.org). Figure 2 indicates 
the vision of the Olympic Movement on sustainable development of the 
Olympic Games in Sydney 2000, Beijing 2008, and London 2012.

Figure 2: The Visions of the Olympic Movement on Sustainable 
Development of Olympic Games

Source: www. unep.org.

However, initially The International Olympic Committee (IOC) 
was slow to give acknowledgement on environmental considerations 
in the planning and delivery of the Olympic Games. During the 1992 
Winter Olympics in France, environmental concerns were raised by the 
public for the first time, which eventually led to the first ‘Green Games’ 
in Lillehammer, Norway, in 1994. As such, the organizing committee of 
Lillehammer Olympic was awarded the “Global 500 Roll of Honour” 
by UNEP. They also set the environmental standards which were absent 
from previous Olympic games. Moreover, alongside sport and culture, 
The International Olympic Committee (IOC) made environment as the 
third pillar of the Olympic Movement as an effort to promote sustainable 
development. Indeed, the Olympic Movement’s Agenda 21 report highlights 
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the commitment of the organization to environmental sustainability. Later 
in 1995, IOC Sport and Environment Commission were created to support 
the effort (http://www.olympic.org/sport-environment-commission). This 
operation was continued at the Summer Olympics in Sydney in 2000. The 
Environmental Guidelines for the Summer Olympics were developed to 
ensure that facilities are constructed in a more environmentally friendly 
manner. As such, Olympic host was required to use the guidelines as can be 
seen during the 2000 Sydney Olympic Games. Based on Sydney Olympics 
2000 (cited in Allen, O’Toole, Harris & McDonnell, 2011), these guidelines 
outlined several aspects, mainly in the planning and construction of Olympic 
facilities, energy and water conservation, waste avoidance and minimisation, 
air, water and soil quality, protecting nature and natural environments, 
merchandising, ticketing, catering, waste management, transport, and noise 
control. As a result, from the implementation of these guidelines, the Sydney 
Olympics is acknowledge as the ‘greenest or most sustainable Games ever’ 
(Campbell 2011 cited in Allen et al, 2011).  Eight years later, the 2008 
Beijing Olympics achieved the world’s best environmental practice by using 
environmentally friendly methods to host the game.  Previously, the existing 
technologies and system of the developing world were both polluting and 
destructive to the environment.  In line with the theme “New Beijing, New 
Olympics”, one of the purpose of the 2008 Beijing Olympics is to set up a 
“Green Olympics” (Yichen Han, Haojie Sun, Yu Dong & Yong Li, 2011). 

In that regard, Beijing has been able to prove that concerted effort to 
opt for  more sustainable approaches is made possible. For instance, one of 
the main refinements in Olympic venues is the introduction of state-of-the-
art energy saving technology. This is proven where various technologies 
such as solar hot water, geothermal, and solar photovoltaic (PV) systems 
has been showcased in the Olympic Village. Hence, it represents a new 
paradigm by depending on green technology instead of polluting fossil fuels 
(Beyer, 2006). Furthermore, to improve the air quality to cater for the Games, 
Beijing takes a step further by increasing its new vehicle emissions standards 
to EURO IV thus making it the most stringent emissions standards in the 
world. Additionally, in order to reduce traffic congestion and emission from 
vehicles, and to promote usage of public transportation, Beijing has added 
four new rail lines in the city, as well as a direct line within the Olympic 
Green. (http://chinesejil.oxfordjournals.org/).
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Issues and Challenges in Implementing Green Sports Tourism 
Events

The implementation of green sports tourism events brings positive 
impact towards the environment.  However, there are some issues and 
challenges that may be faced by the sports event organizers during the 
implementation of green concepts. Here are some of the pertinent issues 
and challenges that need to be encountered by the event organizers.

Participation of key stakeholders
Before the event organizers decide to run a green sports event, they 

need to consider about the participation of key stakeholders because not 
all stakeholders may necessarily be supportive with the green concepts 
(Figueredo & Tsarenko, 2013). As most of the events are often organized 
by stakeholders with different and sometimes conflicting interests, and 
requiring collaborative alliances or partnerships as well as inclusion to be 
developed between the parties (Figueredo & Tsarenko, 2013), As such, in 
order to ensure success of the event, various stakeholders need to agree 
on the purpose and benefits of an event. The event organizers are always 
faced with the challenge of trying to attract the participants to participate 
and support the green practices.

Some of the participants do not know the importance of green event 
and why they should apply the green practices while attending an event. 
In addition, sponsorship decisions will be based on the focus on the green 
elements of the event, thus, sponsors might demand that particular pertinent 
information as well as material in supporting of the green credentials of 
event planners and managers.

Operational issues
Event organizers need to consider the operational issues in order to 

improve the green practices in an event. Robbins et al. (2007) put forward 
that travel is a key issue for event management because the transportation 
is detrimental to the environment mainly due to greenhouse gas emissions. 
On top of that, there are also other negative impacts, particularly on the use 
of cars to reach event venues that may lead to traffic congestion and noise 
pollution (Ranjan, 2016; Liu & Wilson, 2014). Besides, waste management 
is also one of the aspects of operational issues that need to be considered 
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especially on events that cater for large numbers of individuals in fragile 
environments. This is because some event organizers lack of awareness on 
ways to implement green principles practically.

Promoting a message regarding a green event
Furthermore, environment-friendly and culturally friendly operation 

and venue are not only the main elements in developing a green event 
as  the event itself can also be a platform to promote the green message 
through several ways, such as themed displays, presentations, and food 
and beverage sales that is suitable with the green theme (Turco, Riley & 
Swart, 2002). The challenge of promoting the green message may happen 
when the event organizers did not successfully deliver the message to the 
participants. Probably the media coverage about the event is unclear and 
inappropriate. The participants may not realize about the green practices 
implemented in the event. Hence, the objective of the green event cannot 
be achieved successfully.

Administrative strategies
Successful events are characterized by the effective and efficient 

use of all resources, including financial and human resources (Greenwell, 
Danzey-Busell, & Shonk, 2014). Unsuccessful events are often a result of 
incompetent personnel and inefficient financial management. Therefore, 
in this context, the challenges face by the event organizers are to recruit a 
suitable staff with the necessary qualifications and skills to perform the job 
successfully. Furthermore, designing proper training and maintaining the 
personnel workforce is essential. Indeed, most events rely on volunteers as 
well as the staff to create a successful event.

Subsequently, financial and budgeting are essential implementation 
strategies to ensure that the event incurs no loss, or, more important, makes 
a profit. For instance, in organizing a greener event, a more sustainable 
resource management can be attained by adjusting the pricing system. At 
the same time, resource shortage and pollution will be reduced too. This is 
supported by Turco, Riley and Swart (2002) who outlined the effectiveness 
of good financial planning in reducing air pollution and energy consumption 
through surcharges and consumption based taxes, particularly for high 
polluting vehicles. 
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Role of Stakeholders for Going Green in Sports Tourism 
Event Management  

At the beginning of the project itself, event greening should involve all 
the key players, such as participants and spectators, organizers, community, 
sponsors, media, and other suppliers (Laing & Frost, 2010). The key 
stakeholders in organizing sports tourism events are as follows:

Travel organization
Travel and tourism organizations play an important role in green sports 

tourism development. Airlines and tour operators often initiate development 
by offering holiday packages to a green sport destination which includes 
transportation, lodging, supplies and also catering services. However, 
transportation is shown to have the highest carbon footprint, hence, careful 
consideration should be given to the ways of travelling to the venue. This 
can be done by encouraging vehicle efficiency and developing a system 
that encourages the use of public transport or shuttle bus in accessing to the 
event, therefore, reducing the traffic’s impact on the environment.

Executive officer
The role of an executive officer is to ensure the adherence of laws 

and regulations, or the right governance structure to oversee a destination 
successfully embark on a green strategy towards a sports event. For example, 
to ensure success of green sport tourism, the laws outlined should give 
emphasis mainly on environment protection through limiting potentially 
harmful development, control detrimental practices, and promoting healthy 
behaviour.

Government
At the government level, the ministry of tourism and heritage should 

collaborate with other main ministries and local municipalities with its 
main focus on the green elements. Moreover, the ministry also plays a 
role in motivating and influencing of other stakeholders in both public and 
private sectors to work hand in hand. The ministry should also support the 
stakeholders to engage in behaviour that supports green sports tourism. 
For example, incentives, preferential marketing agreements and tax rebates 
can be given by policymakers to business in the tourism sector that adopt 
the green policy. Additionally, the ministry of tourism can also establish 
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an accreditation service that recognizes sustainable accommodations and 
services.

Green sports tourism managers and administrators
A strong commitment and positive attitude towards their environmental 

effort of all staff are crucial in supporting the implementation of the green 
concepts towards sport tourism. Thus, a planning timeline must be sufficient 
and inclusive in their green event's agenda. The transparency is vital to the 
process of decision-making by sports managers and administrators as they 
are the role models who provide a safe environment at all times. As such, 
they must look at every aspect of the event for green possibilities. 

Marketing and media
When embarking on a green initiative, marketing officers need to make 

sure that the ‘greening’ of the event is properly explained on the website 
from the beginning and during the programme itself by utilizing every 
opportunity to talk about them. In addition, make sure that the material 
used for promotion, emails, and also tickets include the ‘green’ message. 
Besides, organizers can also run a poster campaign on green concepts which 
can be pasted on public transports to the event. Also, the event itself should 
include eco-stations and reminders for attendees to practice recycling and 
uphold environmental friendly practice such as using their own containers 
and waste prevention.

Sponsors
It is pivotal that event organizers should also welcome feedback from 

individuals or organizations that have the ‘green’ expertise, namely vendors, 
sponsors, and non-profits and local organizations. Hence, through new 
sponsorship development, it can expand the opportunities with existing or 
new partners who want to be associated with the goals of eco-friendly theme. 
Thus, those sponsors and vendors can provide financial, organizational, and 
media support through funding, advertisements, infrastructure, and products 
that support the green effort.

SUGGESTION ON GREEN SPORTING EVENTS

According to Nelson, Ross and Peters (2013), while there are many different 
approaches, model, and certification systems, the most basic elements of 
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a sustainable event include reducing energy use and carbon emissions, 
conserving water, maximizing recycling opportunities and minimizing 
waste headed to a landfill, supporting local business, providing access to 
all and building a positive legacy within the community. Specifically, here 
are some “green” suggestions for the sports event organisers to consider 
when planning and organizing a sports event:

1.  Maximize social media, websites and electronic files instead of printed 
materials.

2.  When unavoidable, print double-sided on recycled paper with bio-
friendly inks.

3.  Choose sustainable materials for participant and volunteer T-shirts 
(i.e. Bamboo, organic cotton, etc.)

4.  Utilize bus routes and promote shuttle service for fans.
5.  Provide bicycle racks and shelters.
6.  Use biodiesel vehicles or electric golf carts for staff and athletes.
7.  Request cleaning crews use eco-friendly cleaners.
8.  Choose sports planners and meeting spaces that implement green 

policies.
9.  Employ local companies for service and products.
10.  Utilize green power (i.e. Solar, hydro, wind or human energy) for the 

duration of the event.
11.  Promote and honour reusable traveller mugs, water bottles, and cloth 

bags throughout the event.
12.  Highlight local and organic coffee, tea, fruit juices, and food products 

for special event menus.

CONCLUSION

It is unlikely to create all events to become completely green, but all events 
can become greener. So, the event organizers should try to plan, organize, 
manage and stage a greener sport event in order to reduce the negative 
impacts and optimize the opportunities. Thus, each stakeholder should 
participate and support the green concept to ensure that the green message 
will be successfully delivered to the participants and communities. They 
should acknowledge the importance of green implementation that brings 
many benefits to the host community. The event organizers should make a 
plan and consider an effective and efficient strategy before implementing 
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the greener event. They need to identify the green focus areas, such as waste 
management, transportation, energy efficiency, water conservation, and 
selection of venue in their green sports tourism events planning. Indeed, 
managing events with consideration for environmental sustainability should 
be a priority for every event manager in the future.  

Essentially, the sustainability of the events requires responsible actions, 
social and environmental protection, to meet the current needs of consumers 
and businesses, and agreeing to maintain or increase the resources for 
future generations to meet their needs. Thus, in designing, promoting, and 
running an event, the organizations and companies have to take into account 
of its direct and indirect impact on the stakeholders and the impact on the 
environment as well. Recent challenges to the event industry is to improve 
the environmental quality due to event programmes and activities which 
may cause pollution, such as large amount of waste and over excessive of 
resources. Thus, the role of the event organisers or planners are vital to 
ensure that the ecological- friendly or environmental-friendly events are 
engaged. In that regard, there is still a lack of related studies pertaining to 
green events especially in the context of organizing sports events. Thus, 
it is recommended that future research could be carried out to fill a gap in 
the literature about green events and further extend the related research 
to behaviour intentions as well as preferences to practice events greening 
among the event organisers and stakeholders.
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ABSTRACT 

A	green	building	focuses	on	increasing	the	efficiency	of	resources	in	term	of	
energy, water and materials, while at the same time reducing the building 
impact on human health and the environment during the building’s lifecycle. 
Green	buildings	 are	 significant	 in	 operational	 savings	 and	are	 able	 to	
increase workplace productivity. There are 909 registered green buildings 
project up to September 2019 in Malaysia. However, previous research 
indicated the success of green building in term of its performance is still 
in doubt and very much speculative. In fact, there have also been reports 
saying that green building fails to perform appropriately. Unfortunately, 
up until now there are no standard performance criteria and performance 
parameters to measure the green building performance in Malaysia. Thus, 
the	aim	of	this	paper	is	to	present	the	findings	of	the	research	which	identify	
the performance criteria and parameters of Post Occupancy Evaluation 
(POE) for green building in Malaysia. Fifteen (15) performance criteria 
and	 thirty-five	 (35)	 parameters	were	 identified	 from	 the	 literature	 and	
validated	by	green	building	experts	by	using	Content	Validity	Index.	The	
finding	 identifies	 eleven	 (11)	 performance	 criteria	 and	 twenty-six	 (26)	
performance criteria to measure the green building performance through 
POE.	The	findings	from	this	research	may	turn	as	a	new	knowledge	which	
identifies	the	performance	criteria	and	performance	parameters	to	conduct	
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Post Occupancy Evaluation (POE) for green building in Malaysia. Thus, 
government or private developer can use these performance criteria and 
performance parameters to measure their green building performance. 
This research was conducted within the context of Malaysian construction 
industry, thus, it cannot be generalised to other countries. 

© 2020MySE, FSPU, UiTM Perak, All rights reserved

Keywords: Post Occupancy Evaluation; Green Building; Building 
Performance Evaluation Criteria; Building Performance Evaluation 
Parameters

INTRODUCTION

The comfortable and healthy working environment will create more 
satisfying workplace for the building’s user, thus contributing to the higher 
productivity of workers (Altomonte & Schiavon, 2013; Nguyen & Gray, 
2016; Paul & Taylor, 2008). Green building can be considered as the popular 
choices for most peripheral countries as their working places (Zhao, He, 
Johnson, & Mou, 2015). According to Zhao et al.,( 2015), the idea of the 
green building can be deliberated as a major transformation in the history 
of the construction industry. The goal in the marketing of residential and 
commercial space has been changed in order to achieve the occupancy 
rate for the control of systematic construction and to provide a healthy 
and comfortable space for activities and sustainability of space. In the 
recent years, the development of sustainability in office buildings and the 
acceptance of these buildings in the broader property market are increasing. 

Nowadays, green building, as a commodity, is becoming the focus 
of global attention under the influence of the incentive based market 
economy (Zhao et al., 2015). Society has accept the sustainability as their 
substantial interest and it has also gradually moved into the discipline of the 
built environment (Reed & Jailani, 2014). Moreover, real estate sector has 
increasingly put attention in green building and bring economic benefits to 
the building owner as the green building is able to save lifecycle costs and 
increase the competitive advantage (Nguyen & Gray, 2016). Sustainable 
buildings are reported as being the future for property increasing. Currently, 
Malaysia is also part of the countries that responds to this sustainable 
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practice. Malaysia is currently heading towards Vision 2020. The vision 
calls for the Malaysia to achieve a self-sufficient industrialised nation by 
the year 2020, encompasses all aspects of life, from economic prosperity, 
social well-being, educational world class, political stability as well as 
psychological balance. The government of Malaysia also has encouraged 
either public or private sector to develop green building project in order to 
promote sustainable development which has long term benefits. 

According to Green Building Index website, until September 2019, 
there were 909 registered projects and from that total, 513 were being 
certified. For non-residential building, there were 487 registered projects 
and 265 had been certified by the GBI. There are quite a huge number of 
buildings that had been recognised as green building. However, the question 
is whether all these buildings have achieved the expectations of the users, 
as the primary occupiers of that building. Moreover, many researchers also 
agreed that the overall cost for constructing the green building is higher 
compare to the conventional building (Aliagha et al., 2013; Asdrubali et 
al., 2013; Dwaikat & Ali, 2016; Liu et al., 2014; Yu at al., 2015).  Thus, it 
is essential to understand the occupier’s perceptions and expectations of 
sustainable building design and technology incorporated in the building 
since the social aspect is a major principle of sustainability (Jailani et al., 
2015). The good performance evidence showed when the green building is 
employed will attract another developer either from private or government 
agencies to invest in the green building project as it creates a lot of benefit 
not only to the user, client but also to sustain the environment. 

The actual performance of the green building can be determined by 
carrying out the Post Occupancy Evaluation (POE).  Nevertheless, this 
practice is still rare in Malaysia (Izran Sarrazin, 2011). This paper focussed 
on identifying the performance criteria and performance parameters of Post 
Occupancy Evaluation of the green building performances in Malaysia.

POST OCCUPANCY EVALUATION (POE)

There are various definitions of Post Occupancy Evaluation (POE) 
established by various scholars or institutions. Jaunzens et al., (2002) 
defined POE as an evaluation of seeking feedback on the performance of 
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an occupied building. Preiser et al. (1988) described POE as a systematic 
evaluation on the facility which is occupied by building occupants for a 
period, meets the anticipated organisational goals and building users’ needs. 
POE is acknowledged as a process that can help to improve and enlighten 
the performance of the built environment (Kim, Oh, & Kim, 2013a).

Another definition of POE is by Izran and Hakim (2007). They defined 
POE as the formal evaluation of a building that focuses on user satisfaction, 
measured with social science-based tools of interviews, surveys, focus 
group, systematic observation and behavioural mapping in order to achieve 
continuous improvement throughout the building’s life cycle. Public Work 
Department (2010) stated that POE is a process of evaluating building 
performance for at least twelve (12) months and is measured by seeking the 
building user’s feedback. The assessments used can ensure the government 
buildings that have been designed and operated able to fulfil the building 
consumer needs with efficient operating cost, efficient maintenance and 
efficient life cycle.

BUILDING PERFORMANCE EVALUATION CRITERIA 
FOR GREEN BUILDING

According to Cliff and Butler (1995, as cited by Izran Sarrazin, 2011), 
building performance is the physical performance characteristics of building 
as a whole and its parts and about meeting the functions of its anticipated use 
(William, 1993, as cited by Izran Sarrazin, 2011). Due to the advancement 
of modern technology, business competitiveness and the level of education, 
the building performance has become more complex. 

The building as aptly put by Douglas (1996) should perform well in 
term of adaptive (loose fit), durable (long life), energy efficient (low energy 
consumption); habitable (comfortable and healthy) and secure (stable and 
intruder-resistant) . For green building to perform well, it should provide 
satisfaction to the users no matter how complex the buildings are (Izran 
Sarrazin, 2011). For example, the users want the lighting sensors to function 
as its intended purpose upon entering the office. 
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According to Baird et.al (1996, as cited by Izran Sarrazin, 2011), 
building performance evaluation is systematic assessment of building 
performance in relation to its define objectives and requirements. In 
conducting building performance evaluation, it is essential to understand 
the occupants’ need and the building functions (Izran Sarrazin, 2011). Thus, 
building performance is measured by determining how well the building 
supports the defined needs of its users.

Preiser (1995) had highlighted the importance of building 
performances;

1. For property portfolio review, acquisition or disposal purposes
2. To highlight where it is lacking in performance
3. To help prioritise maintenance or remodelling works
4. To provide identification or early warning of obsolescence in buildings 
5. To support in achieving value for money from building assets by aiding 

identification of performance achievement as well as failure.

There are various methods recommended by the researchers to measure 
the building performance evaluation. One of the methods is a post occupancy 
evaluation (POE). According to Zimring and Reizenstein (1980), the concept 
of POE deals with evaluating the building performance and effectiveness 
of the aspects in a systematic manner. The findings of implementing POE 
can be used as recommendation to improve building performances so that 
it will meet their desired goals.

To identify the green building performance, building performance 
criteria will be used. Various researchers have established the criteria for 
the building performance evaluation criteria (Douglas, 1996). For instance, 
Newton (1994)  listed nine (9) categorised in Building Quality, ISO 6241 
listed 14 key performances and in ORBIT 2.1 listed 14 issues.

For Post Occupancy Evaluation (POE), Preiser et al., (1988) listed 
ten (10) performance criteria. Izran Sarrazin (2011) listed fifteen (15) 
performance criteria and thirty-seven (37) performance parameters. A total 
of fifteen (15) of the building performance criteria and thirty-seven (37) 
parameters were identified in the literature and need to be validated by the 
Green Building Facilitators from Green Building Index (GBI) and green 
building manager.
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Health

The term ‘healthy building’ represents the impact that the building 
imposes to the building’s occupiers. The issue of Sick Building Syndrome 
(SBS) has led to the increasing demand for buildings that are healthier to 
be occupied. According to  Izran Sarrazin (2011),Ibrahim (2012), Nguyen 
and Gray (2016), Pei et al., (2015),Zhao et al., (2015), it is important to be 
aware on the health factor of a building. The health level of a building is 
represented by three parameters;

1. Indoor air quality (Izran Sarrazin, (2011); Altomonte and Schiavon 
(2013); Baird and Thompson (2012); Choi et al., (2012); Gou and 
Lau (2013); Jailani et.al (2015); Nguyen and Gray (2016); Paul and 
Taylor (2008); Pei et al., (2015); Reed and Jailani (2014); Zhao et al., 
(2015)

2. Building material (Izran Sarrazi (2011)
3. Lighting (Izran Sarrazin (2011); Baird and Thompson (2012); Choi 

et al., (2012); Jailani et al., (2015); Zhao et al., (2015)

Indoor Air Quality
Indoor air quality is about the condition of the air quality in the 

building. The health level of a building is largely attributed to its air quality, 
be it mechanical or natural (Izran Sarrazin, 2011). The quality of indoor air 
quality in the office can be affected by gases, microbial contaminants or 
any mass that can influence the user’s health.

According to Izran Sarrazin (2011), due to the construction of buildings 
designed to be energy efficient with air conditioning system but poor in 
maintenance and services of Heating, Ventilation and Air Conditioning 
(HVAC) system will result in the increase of indoor air pollutants levels. 
As Malaysia is a tropical country, proper ventilation in a building is a must. 
Poor Indoor Air Quality (IAQ) will cause occupants to get symptoms like 
irritation of the eyes, nose, and throat, headaches, dizziness, and fatigue 
(Agency, 2016). Building Quality Assessment and Condition Surveys are 
among the building performance evaluation mechanism that consider indoor 
air quality as one of the parameters to be examined in order to determine 
how a building affects its occupants’ level of health (Izran Sarrazin, 2011). 
Baird and Thompson (2012), Jailani et al., (2015), Kessler (2010), Pei et 



81

Establishing the Content Validity Index

al., (2015) stipulate that the indoor air quality is a criteria for sustainable 
office building that needs to be studied. 

Building Material
Some of the building’s materials are hazardous to the building user’s 

health. Most paints and preservatives in building materials in building 
materials contain chemicals which are hazardous to health (headaches, 
dizziness and tiredness). According to Gregory Havel (2010 as cited by 
Chew, 2016), some common hazards of building materials can affect 
building users’ health as shown in Table 1.0.

Table 1.0: Common Hazards of Building Materials and Effects

Building Material Effect

Silica Respiratory irritant and long-term exposure can cause 
chronic obstructive pulmonary disease (COPD)

Lead Kidney, nervous system and another organ damage

Asbestos Respiratory irritant, COPD and cancer

Polychlorinated biphenyls 
(PCBs)

An accumulative toxins and cause liver and skin 
problems, organ damage and other disease

Glass fibre Eye, skin and respiratory irritant

Mineral wool Eye, skin and respiratory irritant

Cadmium Eye and skin irritant; long term exposure can cause 
cancer

Lighting
Lighting is one of the factors that can affect human health. In a 

building, lighting is an important element for the building occupants to 
have good and clear vision. Lighting can be natural (which direct from 
sunlight) and artificial (fluorescent light or light bulb). Bright and visual 
environmental quality can have a substantial impact on occupants’ abilities 
to accomplish tasks (Baird & Thompson, 2012).

Safety

Buildings need to be safe. Any design team, facilities and building 
manager put the safety of their building as the main concern. Safety is the 
main concern because it is about user’s safety and it involves human life. 
Besides, safety is a criteria that a building must have (Izran Sarrazin, 2011;  
Preiser (1988). There are four main parameters to determine safety level 
of a building:
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1. Design (Izran Sarrazin, 2011)
2. Building Material (Izran Sarrazin, 2011)
3. Equipment (Izran Sarrazin, 2011)
4. Information (Izran Sarrazin, 2011)

Security 

Security in the building is important for the building owner, its 
occupants and maintenance workers. A building either it is commercial or 
housing, furniture, confidential data will require certain level of security 
to protect their interest (Izran Sarrazin, 2011). The security criterion refers 
to the security level that a building provides for building users either it is 
indoor or around the buildings. The security level of a building is determined 
by three main parameters;

1. Design (Izran Sarrazin, 2011)
2. Lighting (Izran Sarrazin, 2011)
3. Security system (Izran Sarrazin, 2011)

Functionality
All buildings must function as it supposes to be. The functional 

building will enhance the productivity of the workers. All buildings have 
their own function and are designed to accommodate its respective purpose 
(Zagreus, 2005). The function of a building can be itemised based on various 
literature such as:

1. Design and planning (Izran Sarrazin, 2011)
2. Space Adequacy (Izran Sarrazin, 2011);(Zagreus, 2005)
3. Technology (Izran Sarrazin, 2011)
4. Facilities and Building Services (Izran Sarrazin, 2011; W. Preiser et 

al., 1988)

Design and Planning

A clear definition of the work activities needs to be clearly defined 
before starting the designing work. Designing and planning must align with 
the function of the building and need to understand the building owner’s 
requirement (Izran Sarrazin, 2011). For example, in designing for green 
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building, furniture and equipment, layouts need to be considered to illustrate 
the function of each space. The reason is the shape will apparently influence 
the way it can be used. Thus, the design teams need to consider all furniture 
and equipment at the pre contract stage (design development stage) to ensure 
that the design shape provided fulfil its purpose.

Space Adequacy

Space adequacy can be referred to as the adequacy of the number of 
space and the size of the space. According to Izran Sarrazin (2011), it is 
vital for the design teams to identify the space needed for users activities 
and equipment. There is a possibility that it is likely to be inadequate to 
serve its purpose if there is insufficient of space for building users to carry 
out tasks within the building. For example, the space provided is sufficient 
for the building user to move around. 

Technology

The technology used in the building like telecommunication, 
information technology must function as its intended purposes effectively 
and efficiently (Izran Sarrazin, 2011). The technology does not only need 
to function with minimal breakdown, but it also can be used effectively and 
efficiently. For example, the motion sensor for lighting purpose in the green 
building must function well as to promote energy efficiency.

Facilities and Building Services

The functionality of facilities and building services influence the task 
that occurs in the building. For example, the elevators need to function 
effectively and efficiently for high rise office building with minimal 
breakdown. Another example is as HVAC system plays an important role 
in providing comfort to the building user, and the HVAC system needs to 
function well (Izran Sarrazin, 2011).

Efficiency

An efficient building is a building that consumes efficient energy and 
water and make use of space efficiently (Izran Sarrazin, 2011). For green 
building itself, it is one of the main criteria that the green building needs 
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to achieve. The efficiency of a green building can be measured by three (3) 
parameters which are energy use, water consumption and space utilisation 
and planning. 

Energy Efficiency
As building becomes complex nowadays, the consumption of energy 

is increasing year by year. Globally, buildings are responsible for roughly 
40% of the total world annual energy consumption (Omer, 2008). Most of 
this energy is for lighting, heating, cooling and air conditioning. Thus, the 
awareness to conserve energy has led to the upbringing of green building that 
is environmentally friendly. Either it is, public building, commercial building 
or resident building, the assimilation of energy efficient characteristics are 
high in demand (Gou et al., (2013); Izran Sarrazi (2011); Nguyen & Gray, 
2016; Zhao et al., 2015). According to Zhao et al.,(2015), the green building 
nowadays is becoming a trend in the community and the society has accepted 
it due to its energy efficient.   As a result, it sustains the environment (Reed 
& Jailani, 2014).

Izran Sarrazin (2011) aptly puts that energy refers to electricity and 
since green buildings are equipped with numerous electric-generated 
equipment such as HVAC, alarm system, motion sensor and information 
technology, they can be considered as the single most ‘energy-hungry’ 
entity. A building is considered energy efficient if it delivers more services 
for the same energy input (Chew,2016). 

Water Consumption
Water consumption is one of the aspects that need attention in the 

evaluation of a building’s efficiency. According to Dkhar (2012), water 
consumption can be referred to as “using the best available technology and 
innovative ideas to achieve long-term water sustainability without scarifying 
quality of life”. For example, in certain green office building, they are 
using rainwater harvesting systems for toilet use, watering plants inside the 
building and using basin pillar tap at toilet to reduce the water consumption. 
By practicing water efficiency, water supplies for future generations can be 
preserved, reduce water utility and sustain the environment. 
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Space Utilisation and Planning
Space in the building must be flexible, encourage productivity by 

being aesthetically pleasing, be comfortable and conducive to individual 
and group interaction. Space planning is the action of translating the space 
needed of an organisation onto the floor plates of a building and at the same 
time taking into account the defined adjacencies between business units.

Space efficiency indicates how well the space is apportioned as a 
component of the total space. According to Izran Sarrazin (2011), space 
efficiency measurements depend on the floor area and there are several 
ways to measure space and analyse the total area within a building.  The 
provision of high ratio usable area to the building’s gross built area is the 
key indicator for a space efficient building. This is commonly measured 
based on the floor area. 

Social Needs

Buildings are built for human, the one who occupy and operate the 
premise. Human are social beings with social needs and the provision of 
social facilities influences the perception of the people towards an area, 
either a place to work, play or live (Izran Sarrazin, 2011).

Psychology

The effects that the architecture and physical design of a building do 
influence the mental response of the building users. For example, mood, 
communication pattern, interaction and work performance (Izran Sarrazin, 
2011). The psychological consist of design and planning, lighting and colour.

Aesthetic

Aesthetics are the nature and expression of beauty. The design of the 
building does not only serve the functional aspect but also contribute to an 
attractive and inviting atmosphere (Izran Sarrazin, 2011). The aesthetics 
of building include the building shape, size, materials and the decoration. 
For example, the use of glass facade as exterior wall finishes in the green 
building will lead to modern look of the building. The building will look 
aesthetically pleasing from the outside view.
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Operations and Maintenance

Building operations and maintenance is about all the services 
required in order to ensure the building is performed as intended. Building 
maintenance and operations normally consist of the daily necessary activities 
for the building and its system and equipment to perform their intended 
purpose (Izran Sarrazin, 2011). A building cannot serve its function at its 
optimal level without having maintenance.

Comfort

One of the most important criteria of building performance of green 
building is the comfort of building users. A building should provide a 
contented internal environment, in terms of:

1. Thermal comfort (Izran Sarrazin, 2011); (Zhao et al., 2015); (Gou et 
al., 2013); (Choi et al., 2012); (Altomonte & Schiavon, 2013); (Reed 
& Jailani, 2014);(Pei et al., 2015)

2. Visual comfort (Izran Sarrazin, 2011); (Zhao et al., 2015);(Pei et al., 
2015)

3. Ergonomics (Izran Sarrazin, 2011).
4. Noise comfort (Izran Sarrazin, 2011); (Gou et al., 2013);(Pei et al., 

2015)

Thermal Comfort
Thermal comfort is one of the most important performance parameters 

to be evaluated for the green building performance. Thermal comfort can be 
defined as “condition of mind which express satisfaction with the thermal 
environment” (ASHRAE, 2005, as cited by zran Sarrazin, 2011).  Everyone 
has different degree of thermal comfort level. Thus, it is difficult to determine 
the degrees of thermal comfort level because of the different preference. 

Lack of building performance evaluation about the thermal comfort 
may lead to the uneasiness of the occupants if the building is too hot or too 
cold (Gou et al., 2013). Evaluating thermal comfort however involves input 
from both the building users and experts in determining the most reasonable 
thermal comfort zone for a particular building. Hence, this illustrates the 
importance in allowing assessment of the building’s comfort performance 
(Kessler, 2010; Pei et al., 2015).
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Visual Comfort
In achieving visual comfort, the sufficiency of light is a must. Visual 

comfort is strongly affected by lighting, particularly daylight (Izran Sarrazin, 
2011). Sufficient levels of lighting positively impact the performance of the 
occupants (Zhao et al., 2015). The visual comfort aspect of a building can be 
observed from the luminaire layout, type of lamp and their armature, window 
positions, building envelope, and shading device, brightness level, glare, 
view, inside and outside view and visual privacy (Izran Sarrazin, 2011). 

Ergonomics
Ergonomics is about ensuring the environment within the work 

building fits the workers. According to Norashikin (2013), ergonomics is 
about “the design of the workplace, equipment, machine, tool, product, 
environment, and system, taking into consideration the human’s physical, 
physiological, biomedical, and psychological capabilities as well as 
optimising the effectiveness and productivity of work systems, while 
assuring the safety, health and well-being of the workers. Buildings that 
are designed with proper ergonomics considerations enhance the workers 
to carry out their work efficiently with minimal stress and fatigue (Izran 
Sarrazin, 2011). The facility that is designed ergonomically will ensure 
that people are comfortable, productive and free from the risk of illness 
and injury. 

Noise Comfort
Excessive noise exposure causes negative health impact to building 

users. The excessive noise may cause stress, headaches and hearing loss 
(Chew, 2016). The assessment of noise level in a building has to cover a 
number of aspects such as the source of the noise (indoor or outdoor), type 
of noise and insulation of the building (Izran Sarrazin, 2011). Building users 
play a vital role in identifying the type of noise that leads to discomfort 
towards the building users.

Durability

Durability can be defined as the resistance of building materials to 
weathering action, chemical attack, abrasion and other degradation processes 
(Merretz, 2009). It covers the durability of building materials and structure 
integrity.  The durability of building materials and building structure is an 
important aspect of building performance.
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Circulation

Circulation is about how people move and interact with a building. 
Circulation is an important aspect in a building as it assists the movement 
of people (Izran Sarrazin, 2011). There are two aspects that need to be 
considered when designing circulation within the building which are 
interface and way finding. 

Building Economics

The building economics is about their ability to serve at the desired 
function cost effectively (Izran Sarrazin, 2011). A cost-effective building is 
the dream of every building owner. A cost-effective building is a building 
that has minimum operating and maintenance cost, has longest life span, 
inspires users to be productive and offers the greatest return on investment. 
Normally, the cost effectiveness of the green building is measured through 
the life cycle cost of the building. The life cycle cost of the building is about 
initial cost (construction cost), operating, maintaining, and disposing of the 
building (Khairani, 2011). 

Culture

Culture is the systems of knowledge shared by a relatively large group 
of people (Karakowsky, 2001). A building is built for human to fulfil their 
needs and human is being governed by norm of life (Izran Sarrazin, 2011). 
Thus, understanding the culture can assist the design team in building 
design and planning. Although, the architecture community has long 
acknowledged the significance of culture in the design of buildings, it is 
limited only to interpreting visual form of culture such as colour, form, 
carvings and symbols.

RESEARCH METHODOLOGY

POEs can be implemented for various types and building from different 
eras. It is practicable to new building or building under renovations. 
Zimring and Reizenstein (1980) said most of the POE generally have five 
principle phases which are entry and initial data collection, designing the 
research goals, collecting data, analysing data and presenting information. 
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Meanwhile, Preiser (1995) said that the method in three progressive phases 
includes planning, conducting and applying. There are three steps in the 
planning phase namely; reconnaissance and feasibility, resource planning 
and research planning. The parameters for the POE project are created in 
this phase that consist of schedule, costs, manpower needs, plans for data 
collection procedures, times and amount.

Phase 1 of this research aims to achieve the first objective of this 
research which is to identify the performance criteria and parameters for 
Post-Occupancy Evaluation (POE) of green building in Malaysia. It consists 
of two (2) steps. First, a literature review regarding identification of the 
performance criteria and parameter that are recognised as important for POE 
of green building performance. A total of fifteen (15) building performance 
criteria and thirty–five (35) parameters were identified in the literature and 
the performance criteria and parameters were tested in a survey for validation 
(using Content Validity Index).  Content validity is the degree to which 
an instrument has an appropriate sample of items for the construct being 
measured (Polit & Beck, 2006. as cited by Nadiah, 2016). Content validity 
was carried out to determine whether the content of the questionnaire is 
suitable and relevant for the purpose of this research (Nadiah, 2016). Content 
validity portrays the content that reflects a complete range of the attributes 
under study. The instrument must be clearly conceptualised. Besides, clear 
evidence of the operational components must be defined in order to obtain 
content validity.

Eight panels of expert were selected to validate the content of green 
building performance criteria and parameters. Content validity is usually 
carried out by seven or more experts (Parsian & Dunning, 2009). However, 
Yaghmaie (2003) said five to ten panels are appropriate, while more than 
10 panels were probably unnecessary. The researcher adopted the criteria 
stated by Yun and Ulrich (2002) in selecting the experts for content validity. 
Panel of experts were selected based on their job title, experience, knowledge 
and availability to participate in the questionnaire within the stipulated 
time frame. For the purpose of this study, the researchers have decided to 
set several criteria in selecting the experts; Green Building Index (GBI) 
facilitators with over five (5) years of experience and building manager with 
over 5 years of experience. The guidelines adopted in selecting the experts 
in this research were based on Effendi et al., (2015) guideline which are:
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1. Experienced building managers with over three years of experience.
2. Experienced green building facilitators with over three years of 

experience.

The outputs identify the variable performance criteria parameters of green 
building.

Figure 1 : Distribution of Experts
Source: Author

Figure 2: Research Methodology Diagram
Source: Author

DATA ANALYSIS

Each of the items (I-CVI) was calculated using Content Validity Indexing 
and the final average of the I-CVI scores produces a scale-level content 
validity score (S-CVI). Calculations for obtaining the CVI are shown in 
Figure three (3.0).
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Figure 3.0: Formula for Content Validity Index

I-CVI = Item Content Validity Index
pc = Probability of Random Correlation Coefficient
N = Number of Experts
A = Number of Very Important Scores (3 or 4)
k = Modified Kappa Coefficient

RESULTS

Table 2.0: Result of Content Validity Index

Performance 
Criteria

Performance 
Parameters

I-CVI pc k Rating

Health 1.1 Indoor 
Air Quality

1.00 0.00 1.00 Excellent

1.2 Material 1.00 0.00 1.00 Excellent

1.3 Lighting 1.00 0.00 1.00 Excellent

Safety 2.2 
Equipment

0.88 0.03 0.87 Excellent

2.3 
Information

0.88 0.03 0.87 Excellent

2.4 Building 
Material

0.88 0.03 0.87 Excellent

Security 3.1 Design 0.63 0.22 0.52 Poor

3.2 Lighting 0.88 0.03 0.87 Excellent

3.3 Security 
System

0.88 0.03 0.87 Excellent
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Functionality 4.1 Design 
and 
Planning

0.88 0.03 0.87 Excellent

4.2 
Adequacy of 
Space

0.63 0.22 0.52 Poor

4.3 
Technology

0.88 0.03 0.87 Excellent

4.4 Facilities 
and Building 
Services

1.00 0.00 1.00 Excellent

Efficiency 5.1 Energy 
Efficiency

1.00 0.00 1.00 Excellent

5.2 Water 
Consumption

1.00 0.00 1.00 Excellent

5.3 Space 
Utilisation 
and 
Planning

0.88 0.03 0.87 Excellent

Psychology 6.1 Design 
and 
Planning

0.88 0.03 0.87 Excellent

6.2 Lighting 0.88 0.03 0.87 Excellent

6.3 Colour 0.75 0.11 0.72 Poor

Social Needs 7.1 Social 
Space and 
Facilities

0.50 0.27 0.31 Poor

Aesthetics 8.1 Exteriors 
and Interiors

0.50 0.27 0.31 Poor

8.1 Image 0.50 0.27 0.31 Poor

Maintainability 9.1 Design 
and Material

1.00 0.00 1.00 Excellent

Comfort 10.1 
Thermal 
Comfort

1.00 0.00 1.00 Excellent

10.2 Visual 
Comfort

1.00 0.00 1.00 Excellent

10.3 
Ergonomics

0.88 0.03 0.87 Excellent

10.4 Noise 
Comfort

1.00 0.00 1.00 Excellent
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Durability 11.1 Building 
Material

1.00 0.00 1.00 Excellent

11.2 
Structural 
Integrity

1.00 0.00 1.00 Excellent

Adaptability 12.1 
Flexibility, 
Convertibility

0.88 0.03 0.87 Excellent

Building 
Economics

13.1 Life 
cycle cost

1.00 0.00 1.00 Excellent

Circulation 14.1 
Interface

0.88 0.03 0.87 Excellent

14.2 Way 
finding

0.63 0.22 0.52 Poor

Culture 15.1 
Design and 
Planning

0.63 0.22 0.52 Poor

Source: Author

I-CVI: Item Content Validity Index;
pc: Probability of Random Agreement;
k: Modified Kappa Coefficient obtained by designing the relevant of agreements: Evaluation criteria of k: 
poor   0.39, weak = 0.40-0.59; good = 0.60-0.73; excellent  0.74 (Orts-cortés et al., 2013).

Table two (2.0) shows the minimum of I-CVI is 0.80 and the maximum 
is 1.00. The content validity index indicates that each item scores a modified 
kappa coefficient of more than 0.74, with a rating of excellent. This shows 
that all the items are acceptable for further analysis. 

DISCUSSION

Based on the result, it shows that 11 performance criteria and 26 perfor-
mance parameters can be used to measure the performance of the green 
building in Malaysia. Most of the performance criteria and performance 
parameters listed received excellent rating because most of the green build-
ing assessment found in Malaysia has similar requirements. The concept 
of Green building has been continually revised and its definition is com-
monly accepted as “providing people with healthy, applicable, efficient 
space and natural harmonious architecture with the maximum savings on 
resources (energy, land, water, materials), protection for the environment 
and reduced pollution throughout its whole lifecycle” (Doan et al., 2017, 
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page number). Green buildings are better for the environment as they 
generally are energy efficient, water conserving, and use environmentally 
friendly building materials. They also seem to have positive effects for 
the occupants, for example, “green” buildings are associated with a high 
workplace satisfaction and seem to have psychological and behavioural 
benefits (Lim, Hirning, Keumala, & Ghafar, 2017, page number).

Green building is always associated with the indoor air quality 
(Holmgren, Kabanshi, & Sörqvist, 2017; Kim, Oh, & Kim, 2013b). Thus, 
green building should give positive effect in term of high workplace 
satisfaction that contribute to psychological and behavioural benefits 
(Holmgren et al., 2017). Green building should also relate with environmental 
efficiency which lead to saving in energy cost (Holmgren et al., 2017). 
Moreover, through all the phases of building life span, environmentally 
friendly built environments should be associated with safety, security, 
wellbeing, convenience, reasonable cost and long term adaptability (Kim et 
al., 2013b). Satisfaction of these criteria achieves an optimal combination 
of environmental, social and economic values for buildings. In addition, 
‘work efficiency’ is seeming as the most important criterion for intelligent 
building systems. In particular, ‘reliability’ and ‘operating and maintenance 
costs’ are the crucial factors in selecting intelligent building systems.

CONCLUSION

The first objective of this research is to identify the variable performance 
criteria and parameters for Post-Occupancy Evaluation (POE) of green 
building in Malaysia. The first objective is achieved through Phase 1. 
This is the fundamental objective of this research. A total of 15 building 
performance criteria and 35 parameters were identified from the literature 
and were validated by green building facilitators and green building 
managers. For this study, 11 performance criteria and 26 performance 
parameters were selected from the outcome of Content Validation Survey.

The established performance criteria and parameters have been 
collectively agreed upon and confirmed to be applicable for green building.  
Thus, various parameters for the performance are important in order to 
achieve an in-depth understanding of the building performance of green 
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building. Different performance criteria have different parameters, and this 
encourages a better auditing of the green building.

This research is conducted to deliver a better understanding to any 
related parties who are involved in the development of green building. 
Moreover, finding obtained can be used as a guideline for the parties 
involved to design and develop a sustainable building that can give benefit 
not only to the users but also to the environment.
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ABSTRACT

Transit stations are generally well known as nodes of spaces where 
percentage of people walking are relatively high. The issue is do more 
planning is actually given to create walkability. Creating walking led transit 
stations involves planning of walking distance, providing facilities like 
pathways, toilets, seating and lighting. On the other hand, creating walking 
led transit station for women uncover a new epitome. Walking becomes one 
of the most important forms of mobility for women in developing countries 
nowadays. Encouraging women to use public transportation is not just 
about	another	effort	to	promote	the	use	of	public	transportation	but	also	
another	great	endeavour	 to	reduce	numbers	of	 traffic	on	 the	road.	This	
also	means,	creating	an	effort	to	control	accidents	rate,	reducing	carbon	
emission,	improving	health	and	eventually,	developing	the	quality	of	life.	
Hence,	in	this	paper,	we	sought	first	to	find	out	the	factors	that	motivate	
women	to	walk	at	transit	stations	in	Malaysia.	A	questionnaire	survey	with	
562 female user of Light Railway Transit (LRT) was conducted at LRT 
stations along Kelana Jaya Line. Both built and non-built environment 
characteristics, particularly distance, safety and facilities were found 
as factors that are consistently associated with women walkability. With 
these	findings,	the	paper	highlights	the	criteria		which	are	needed	to	create	
and make betterment of transit stations not just for women but also for 
walkability in general.

© 2020MySE, FSPU, UiTM Perak, All rights reserved

Keywords: Transit Stations; Walkability; Walking; Women Transport
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INTRODUCTION

Walking is the primary means of movement to do any activity and it is the 
most natural way for most people to go about their daily lives. However, as 
technology evolves people find and invent ways to acclimatize the fastest 
ways to get from point A to point B. As a result, currently people find walking 
not as the best way to move but as another option of movement other than 
using some kind of a vehicles. But, why is it imperative to apprehend 
motivations of women to walk? In the world we live now, the percentages 
of women population are higher in many developing countries. In addition, 
more women are involved in activities outside their comfort homes to help 
upgrade the financial status of their families. More women are seen leading 
in companies, working in factories, studied until higher institutions level 
and getting involved in the community events. As a result, more women are 
seen travelling outside their homes and thus it is important to understand 
how, why and what motivates women to walk. 

The ability to walk among men and women is hard to prove with a 
small sampling especially if we are trying to make an important statement 
about walkability. A woman may be fit for walking but for a certain reason 
related to safety, women choose not to walk. According to Jensen et al. 
(2017), males always outnumbered females in choosing walking as a mode 
of transportation. This is further supported in Hatamzadeh et al. (2017) study 
where girls are less motivated to walk compared to boys in all age groups. 
According to Abley (2005). walkability can be defined as “the extent to 
which the built environment is friendly to the presence of people living, 
shopping, visiting, enjoying or spending time in an area”. Per Gebel, K. 
et.al (2009), walkability refers to how ‘friendly’ an area is for pedestrians. 
Compact, connected urban environments with a mixture of densities and 
land uses create shorter distance between desired destinations, thus, this 
encourages people to walk for transportation. People tend to walk if it is 
easier, faster, or cheaper than to drive. In a high-density area, people are 
inclined to walk instead of driving when the road is congested and lacking 
of parking spaces. People tend to walk in a low-density area if the area 
is near water; the natural surroundings are quiet, and the view changes 
continually (Untermann, 1984). 
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Factors affecting walkability usually consist of land use mix, street 
connectivity, residential density, and visual appeal. As supported by Golan 
et al. (2019), walkability is influenced by built environment features 
such as pedestrian amenities, land-use mix, cleanliness and proximity to 
destinations. Adlakha et al. (2015) further highlighted built environment 
features that are attractive and diverse will support walking and eventually, 
the use of public transit. Hence, this the more reason to support compact 
city growth and mixed uses development. Other than these physical built 
environment characteristics, intangible factors including safety, security 
and sense of being presence in a place where hundreds of eyes watching 
also do influence people walkability. It is unlikely where places are gloomy, 
dark and quiet motivate people to walk. The influences of these non-built 
environment factors however have not received adequate attention in the 
literature (Adkins et al. 2017). As argued by Golan et al. (2019), urban 
walkability is largely influenced both by built environment features and 
non-built environment factors such as pedestrian demographics. The authors 
further argued that factors influencing women’s walkability differ from 
those affecting the men’s. Ton et al. (2019) study also demonstrated that 
both physical and non-physical determinants do influence walking. This 
paper attempts to address this gap by examining both built and non-built 
environment surveys factors that influence women to walk at the transit 
stations. The objective is to understand the built environment criteria of the 
transit station, what is important and what needs to be improved. This is 
crucial as street improvements enhance the number of female pedestrians 
(Jensen et al. 2017). The aim is to promote walking among women when 
travelling instead of driving personal vehicle. Indirectly, this research further 
attempts to promote sustainability and the nation aspirations in intensifying 
the percentage of public transport users, while establish a reference for 
better understanding toward the needs in promoting walkability especially 
at transit stations. 

WALKABILITY FACTORS

One of the main criteria in promoting walkability is the walkaways. 
According to Nelson (2015) pedestrian walkways, the design of road 
networks and public facilities are vital in ensuring that people walk around 
an area. What is more, the minimum size of pedestrian walkways in a 
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residential area should be at least 1.5 meter (5 feet) to provide a comfortable 
walking place for walkers to walk. In neighbourhood centre areas or high-
density areas, the size of pedestrian walkways should be bigger than the 
recommended size of pedestrian walkways in a residential area (Golson 
et. al, 1974). Pedestrian walkways also should be equipped with natural 
landscapes and big trees to give shade to walkers when walking. In addition 
to this, Park et al. (2015) highlight walkaways amenities as one of the 
crucial elements that create more walking-conducive walkability which 
eventually increase the chance of people choosing walking over driving 
to the transit station. The pedestrian connectivity must be a continuous 
network. Additionally, the location of curb also should be decreased so that 
there are many ‘free barrier’ pedestrian walkways provided. As supported 
by Adkins et al. (2017), barriers to walking should effectively be removed 
to improve walkability. 

In addition to the design, other eminent benchmark to motivate walking 
is safety. Safety is vital in walking especially for women depending on age. 
This is described in many cases; especially incidents related to women while 
walking alone are worrying compared to cases involving men. Among the 
reported cases are theft, harassing, grabbing and sometimes this happens 
even when the women are together with their spouse or friends. Due to 
this, security of transit stations has been improved to give more safety and 
security. The approach of ‘crime prevention through environmental design’ 
(CPTED) is an example of crime prevention through built environment 
and it can be used to reduce the crime rate in an area. In Malaysia, this 
approach can be referred to in the ‘Guidelines for Crime Prevention through 
Environmental Design’ published by the Federal Department of Town and 
Regional Planning of Malaysia (2012). Moreover, a ‘free barrier’ walking 
surroundings also can encourage people to walk. Accessibility is another 
factor that influences walking. Increasing attention provides interaction 
between land use planning and travel behaviour, especially the role of 
heightened accessibility. The elements, which need to be considered in 
improving safety in walking include road design, traffic intensity, and 
speed, will continually change pedestrian pathway, the physical and 
mental state of both pedestrian and drivers, weather condition, and time of 
day (Krambeck 2006; Ton et al. 2019). Bauman, et.al. (1996) found that 
perceived safety was one of the most important environmental qualities for 
walking. Although Hawthorne (1989) stated that safety from crime was one 
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of the most appealing features for walking, dangerous street crossings were 
perceived as an unappealing factor.

Individual behaviours are based on a wide variety of variables 
including time, effort, gender, weather, distance, topography, and built 
environment factors (Spoon, 2005). Women spend more time scanning the 
sidewalk than men. The study also reported that pedestrians grant more space 
to other pedestrians if walking in a group than if they walk individually. 
Moreover, male pedestrians require more space to walk than female 
pedestrians. A study by Krizek and Horning (2012) showed that there were 
four socio-demographic characteristics that might influence walkability; 
length of stay, gender, age and household income. In addition, the length 
of residence in an area do influence perception of walking distance. In 
terms of gender, women perceive walking distance differently than males. 
Besides, age also do influence the user’s perception. Age also influences 
walking time and speed, which will influence the measured accuracy of 
individual perception. Walking behaviour has a close interrelationship 
with walkability. Walking behaviour can be considered as one of the most 
important factors in measuring walkability level (Fehr and Peers, 2015). 
According to Shahrol Mohamaddan (2010), walking behaviour refers to 
how people perform their walking in terms of time taken for moving from 
one place to another, deciding the walking direction, avoiding collisions, 
and other behaviours that can arise during the walking period. Different 
types of people have different types of walking behaviour. 

A transit service is ideally to be located within 10 minutes of walking 
time or 800 meters of walking radius, while, a bus stop should be located 
within 5 minutes walking time or 400 meters of walking radius (Spoon 
2005). A strategic location for transit services is a high-density residential 
area with mixed land use that focuses on a main road and centralized parking 
spaces that can encourage the usage of public transportation. According 
to Barton et al. (2003), the average walking journey is 1 km, and not 
many people walk more than 2 km. Therefore, it is possible that walking 
motivation declines due to the distance between the station and destination. 
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METHODOLOGY 

The methodology used in identifying walkability factors that motivate 
women to walk at transit stations in Malaysia involved a review of literature 
on the built and non-built environment features that influence walkability. 
Different kinds of materials used include journals, books, official documents 
published by government, and other mass media outputs. The review is 
subsequently complemented by a questionnaire survey. The survey was 
conducted around Light Railway Transit stations along LRT Kelana Jaya 
Line for about 3 months. 562 questionnaires were distributed, and the 
researchers had the opportunity to meet with the respondents face to face. 
Stratified random sampling was used to select female LRT users of any age 
and races. The survey was conducted during morning and evening peak 
hours to get a good number of sampling who were willing to participate. 
The answers in the questionnaire survey were analysed using Statistical 
Package for the Social Sciences (SPSS) software. The important questions 
that this paper seeks to address are on the influence of distance, safety 
and women’s needs in the public transportation on walkability. This paper 
used independent-samples T-tests to evaluate the statistically significant 
difference correlations between the variables. T-test analyses were also 
used to compare the groups’ means. T-test analysis interprets statistically 
significant differences value using p-value (Sig(2-Tailed) value). The rule 
is if the p value is equal or less than .05(p= <.05), there is a significant 
difference in the mean scores between the two variables. If the p value is 
above .05 (p= <.05), the situation is reversed.

RESULTS AND DISCUSSIONS 

Distance

This paper presents the findings of a study by examining distance as a 
main element to determine walking motivation to transit stations. A study by 
Barton et al. (2003) defined the distance as catchment area radius (walking 
radius). It was found that 52% was the highest percentage for distances less 
than 100 meters from home to transit services or public transportation. The 
results show that distances of 101 to 500 meters recorded 42.2 %, with 5.9 
% for distances over 500 meters (Table 1). 
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Table 1: Distance Walking to LRT Stations

Distance Frequency (N) Percentage (%) Valid Percent Cumulative 
Percent

<100m 292 52.0 52.0 52.0

101m-500m 237 42.2 42.2 94.1

>500m 33 5.9 5.9 100

Total 562 100 100 -

Source: Author

Per the results in Table 1 above, distance is also closely related to how 
far women will walk to transit services from their origin or destination. From 
the result, it can be concluded that majority of the respondents choose to walk 
around the area. Some of them felt that walking around an area is a popular 
physical activity. However, distance walking depends on the elements that 
contribute and encourage women to walk, such as good facilities, barriers, 
transit, and easy accessibility for the purpose of trips.  This also depends on 
the presence or lack of obstacles such as space, pedestrian space, and visual 
appropriateness. The time taken for walking will be shorter if the space to 
walk is free from barriers. This result corresponds to Adkins et al. (2017), 
Adlakha et al. (2015) and Golan et al. (2019) where they stated that lively 
and barrier-free streets inspire more walking. 

Safety 

In Table 2, the observed frequencies from the current data file are 
presented, showing that 98 out of 562 (17.4%) respondents felt very safe 
when walking at transit stations. The second variable shows 379 (67.4%) 
respondents reported feeling fairly safe while 85 (15%) felt very unsafe. 
In this case, 187.3 cases were expected for whole level of safety, while 98 
were observed. 

Table 2: Distance Walking to LRT Stations

Level of safety Frequency (N) Percentage 
(100%)

Expected N Residual

Very safe 98 17.4 187.3 -89.3

Fairly safe 379 67.4 187.3 191.7
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Very unsafe 85 17.4 187.3 -102.3

Total 562 100 - -

Source: Author

The test statics in Table 3 reports the results of the Chi-Square Test, 
which compares the expected and observed values. The results show 
statistical significance at a value p = <.000. According to the previous 
subtopic, safety plays an important role as it encourages people to walk 
around an area especially for the purpose of a trip. Based on the results, 
the majority of the respondents chose fairly safe because it is lacking in 
proper lighting at the pedestrian pathway that connects the stations with 
the buildings and areas. As argued by Jensen et al. (2015), poor amenities 
make a street low-walkable and attract fewer pedestrian. The on-going 
construction nearby the LRT stations further decreases visibility, especially 
during the night, while temporary construction barriers isolate certain areas 
from the main road. Furthermore, there is a lack of direct connectivity and 
flow with the pedestrian pathways to guide pedestrians from any point of 
direction to the station, except for buildings that are located nearby stations.

Table 3: Distance Walking to LRT Stations

Level of safety

Chi-Square 294.601a

df 2

Asymp. Sig. .000

Source: Author
*0 cells (0.0%) have expected frequencies less than 5. The minimum expected cell frequency 

is 187.3.

KH Coder is an analysis tool based on the Co-occurrence network 
that describes the relationship between the key words that analyse words 
related to the survey key objectives. This method of analysis highlights 
high-frequency words to represent greater insight into relationships and 
interconnections with the rest of the network. The results show that co-
occurrence network quantified the importance of women’s needs in the 
public transportation based on the key words that reflect women walking 
at the transit stations. Based on the results, researchers revealed that the red 
circle has a strong relationship with and is significant for key words such 
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as safety, women, provide, facilities coach, security and efficient (Figure 
1). A larger node or size of circle shows higher frequency words. This is 
because the lines or edges are thick and connected between each element. 
Furthermore, another circle consisting of systematic and timeliness also 
shows a strong relationship and is significant to women’s need. This clearly 
indicates that safety and security are important for women walking for the 
purposes of trips such as work and social activities.  The LRT station has 
provided various facilities for the convenience of women riders such as space 
to put strollers or trollies for shopping and extensions for telephone charging. 
However, it still needs improvement based on the safety requirements. 
Furthermore, street pathways and safe pedestrian cross play important roles 
in term of safety, security and comfortable while walking around an area.  

 
Figure 1: Higher Frequency Words with Larger Nodes Included Women, 

Security, Provide, Safety, And Coach
Source: Author

The analysis shows a significant and strong co-occurrence network 
relationship between certain words. Coaches should be considered as an 
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important aspect. Women using the public transportation such as LRT 
appreciated ladies’ coaches for their convenient and safe environment for 
female riders. Based on the behaviour and perception on women’s mobility 
in the case study, it was found that most female riders need more separated 
coaches because female riders felt insecure in the presence of male riders in 
the LRT. Terms referring to other circle or nodes in the analysis including 
improving, comfortable, personal and lighting also had strong relationships 
and connected key words to describe the strength of each elements. As 
mentioned previously, safety is one of the most important elements in the 
context of the factors used to measure walkability among women. This 
should be strongly considered for future transit development. Supporting 
the strong relationship between the safety and security in the result co-
occurrence network based on the Figure 1, the researcher observe that there 
are several issues on safety and overcrowding at the LRT station that may 
influence the risk of being victims while using the public transportation, 
especially among women riders.

Facilities for Women 

Women’s walkability is significant and closely related to behaviour 
that encourages women to walk. Their walkability in daily life maybe differs 
from men (Golan et al. 2019) because women prefer to walk for many 
purposes, including house errands, services, and social activities. Based on 
the survey, the results of a co-occurrence network analysis have shown that 
a majority of the respondents highlighted words related to facilities in the 
LRT. This demonstrates that facilities in the LRT should be improved and 
that a privation of facilities also would contribute to the level of comfort of 
riders. For example, non-functional lighting or not enough lighting at the 
station caused a high level of risk to women safety and security. This is in 
agreement with Park et al. (2015) who highlighted walkaways amenities 
as crucial element that create more walking-conducive walkability which 
eventually increase the chance of people choosing walking over driving to 
the transit station.
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CONCLUSION 

The development of transportation systems has long been recognized as 
crucial, not only in terms of enabling individuals to travel further and 
faster to their destination of choice, but also in terms of the impacts it 
has on societal and economic growth. A better-connected transportation 
system provides opportunities for travelling across various locations, thus 
removing physical boundaries for individuals to access and connect to their 
destinations of choice. Fewer women than men have ownership of or access 
to private vehicles, and less access to better public transportation modes. As 
a result, women’s travel modes may be limited to public transport with poor 
service, and with higher incidences of crime. Women who work in places 
with less availability and access to public transport are more vulnerable to 
victimisation. In conclusion, how do these findings really change anything? 
Creating a walking led transit stations for women is not just about providing 
necessities. But it is an eye-opener to the researchers that there are a lot of 
happenings at transit stations that need more than just planning standards 
and guidelines. This research found fundamental issues related to built 
environment are vital in changing behaviour to walk. Criteria of distance 
are not confined to quantitative measures but they also involve visibility 
and creating pathway design that is able to walk. Design of pathways also is 
not just about size and pathway materials but also include lightings because 
people still walk at night. Fear of crime affects women’s travel patterns. 
Women adapt their travel behaviour to avoid or minimise the risk of being 
victimised. In order to encourage the use of public transportation, the safety 
needs of women must be addressed. In addition, safety criteria are also vital 
in creating walking led transit stations as it changes perception and giving 
confidence to use public transportation. It is crucial to design better transit 
stations that can advocate safety and motivate walking. It can be determined 
that the average women taking transit is willing to walk a quarter mile to 
access public transportation services and operate with higher frequencies 
and over longer distances. Recognizing that walking is the primary mode 
for accessing transit and other services, stakeholders should effectively 
improve accessibility for women by making improvements to pedestrian 
infrastructure within the typical walking distances around transit stations. 

Due to the uniqueness of travel characteristics among women which 
include travelling with dependents and relatively more trips made for 
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multiple tasks performed, and giving priority to facilitate women mobility, 
as a result this will significantly support the national policies on model 
split with priority on the usage of public transportation. Malaysian adult 
women, in general, are multi-taskers, and it has become the most recent 
trend especially in the urban setting such as in Kuala Lumpur, the primate 
and capital city of the country. Furthermore, the modern lifestyle with high 
living costs in the urban areas transformed the traditional roles of women 
from merely performing home duties, to the role of a working women in 
order to share the financial burden.
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ABSTRACT 

The emergence of urban farming mainly for food production is one initiative 
in developing a sustainable environment.  This paper presents a brief 
conceptual review of the ideas, issues and imperatives in implementing 
urban farming on the rooftop areas. The concern is to investigate an 
alternative way for urban dwellers to achieve resilience through urban 
farming — the review is based on the theoretical background and concepts 
of the relevant constraints taken from various established references. The 
method adopts comparatives analysis explicitly through established texts 
and	secondary	data	taken	from	previous	cases.		The	significant	examples	
include; (i) green roof as rooftop farming in ensuring food security and 
reduce carbon footprint in Singapore; (ii) urban farming as a culture in 
emphasizing the domestic food production and consumption in Japan; 
(iii) rooftop urban farming in fresh urban food production in USA; and 
(iv)	rooftop	is	effective	as	edible	landscape	and	not	only	serve	for	visual	
purpose only in Thailand. These cases will lead to localize the concept of 
rooftop urban farming. There also will be a strategy for the greening of the 
cities by intensifying urban farming. This paper envisions to extend and 
establish the conceptual discourse for implementing urban farming on the 
rooftop areas in Malaysia.

©2020MySE, FSPU, UiTM Perak, All rights reserved

Keywords: Urban Rooftop, Green Roof, Urban Farming, Sustainability 
Urban Rooftop
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INTRODUCTION 

It is a well-known fact that population growth increased the pressure on 
global food demand issues in urban areas (World Bank, 2013). Thus, the 
greening activities face a problematic situation due to the rapid urbanization 
and escalation in land prices. The increasing population and limited land 
created an alternative of high density and high rise strategy in the urban 
area. Therefore the establishments of the green roof in the urban area are 
widely increasing. According to Kortright (2001), the green roof can be 
defined as an open space with any planting that is separated from the ground 
by building or other structure. Thus, due to space constraints, the practice 
of green surfaces in ground areas is decreasing. Consequently, the green 
roof becomes the only choice for densely populated urban areas to create 
green space. In recent years, the applications of green roof urban farming 
are becoming more popular in many countries mainly in urban areas.   

This paper will focus on the ideas, issues and imperatives of urban 
farming concepts on the rooftop. The significant and growing interest in 
rooftop farming is one way in which urban areas could attempt to be more 
balanced and sustainable in terms of resource consumption. The review 
enhances the concept of greening the cities through having the urban farming 
on rooftops. The discussion on urban farming is no longer about whether 
it can be implemented on the green roof or not, but the impact to utilize 
beyond the environmental values, social and economic aspect. 

This paper would adopt a comparative analysis method using selected 
established references and studies across the world as a precedent study. 
All the significant cases will lead to an understanding of the rooftop urban 
farming concept around the world. This will eventually lead to the prospect 
of urban farming in the Malaysian context.
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THE DEFINITIONS AND CONCEPT OF GREEN ROOF AS 
URBAN FARMING 

The Definitions 

The experiences of urban farming spread over the cities aiming for food 
production is contributing to urban food security and resilience. Thus, there 
are various versions in defining the meaning of urban farming. The main 
difference of the definition regards to the spatial, production, function and 
market specifications. According to Smit et al. (1996), urban farming can be 
explained as a localised food system wherein the production, consumption, 
recycling of food occurs in the city while FAO (2015) and RUAF (2016) 
stated that the definition of urban farming is growing plants and raising the 
animals within and around the cities. Similarly to Sanyé-Mengual (2015) 
described that urban farming is farming operations around the cities beyond 
food production and provides environmental and social services as well as 
support local economies by direct urban market orientation.  

Urban farming is characterized by being multifunctional. The 
multifunctional concept deployed the benefits which are enhancing food, 
security, providing environmentally-friendly food, educating and promoting 
healthy habits, and building and empowering communities (Noseir, 2014). 
Urban farming also has been claimed to contribute to water efficiency, energy 
conservation, reduction of air pollution, community solidarity, improving 
economic wellbeing and revitalising low-income communities (Smit et al., 
2015; Angotti, 2015). However, urban farming mostly has been practised by 
the low-income group but not the very poorest. (Zezza and Tasciotti, 2010). 

So, this paper defines that urban farming is an activity of farming that 
happened in an urban area not only for food production but also for the other 
benefits towards environmental, economic and social aspect. The potential 
of urban farming also can be unfolded to unleash the multi-functionality 
in the Malaysian context.

The Concepts of Rooftop Urban Farming 

The concept of rooftop urban farming arises after the distancing of a 
consumer with food productions has consequences not only for social but 
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also the environment and economic (Sanyé-Mengual, 2015). An attempt has 
been made to bridge the gap between the consumer and the output of foods 
in the urban area. This can be seen through the numerous urban greening and 
urban agriculture initiatives amidst the encroaching economic demands and 
the preservation of green spaces which are mostly urban area difficulties. 
Therefore the idea of a green roof to urban farming is emerging and gaining 
popularity. A green roof defined by Kortright (2001) is an open space with 
any planting separated from the ground by building or other structure. 

Rooftop urban farming is part of the building base that has recently 
become essential in an urban area. According to Sanyé-Mengual (2015), 
shown in figure 1, urban farming can be divided into; (i) vertical farming 
and zero acreage farming (ZFarming) for new building and existing building 
as well,  (ii) rooftop farming which is open-air farming and greenhouses.

Figure 1: Types of Urban Farming on Building and Rooftop Farming.
(Source: Sanyé-Mengual, (2015)

According to Hui (2011) and Noseir (2014) shown in table 1, the 
benefits of urban farming, the multifunctional benefits of urban farming 
are divided into three major groups which are environmental, social and 
economic sustainability.
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Table 1: Significant Benefits in Urban Farming

Environmental Social Economic

•  Greener the environment
• Recycle organic waste
• Reduce ecological 

footprint
• Mitigate urban heat 

island
• Improve urban 

stormwater management

•  Strengthen the 
community relationship

• Education 
• Community green space 

and amenity

• Local food production 
• Increase food security
• Generate profits
• Local employment

(Source: Hui, (2011); Noseir, (2014)

The Typologies and Scales 

The typologies of urban rooftop farming can be described based on 
multiple factors. According to Sanyé-Mengual (2015), the typology is 
simplified into two main variables which are (i) types of farming and (ii) 
the objectives of farming. The first variable is the type of farming which 
is referring to rooftop greenhouses or open-air farming and not including 
the details in the kinds of technology use. While the second variable; the 
objectives of urban farming can be divided into commercial or social 
activities. Sanyé-Mengual (2015) summarized the four urban rooftop 
farming typologies which are;

1. Commercial rooftop greenhouses 
2. Socially oriented rooftop greenhouses 
3. Rooftop farms 
4. Socially oriented rooftop gardens

Meanwhile, the scale of rooftop urban farming has been classified by 
RUAF, (2016); Noseir, (2014) as shown in figure 3. The classification is 
divided into three main categories: subsistence; microscale; and medium 
to extensive urban farming.

Meanwhile, the scale of rooftop urban farming has been classified by 
RUAF, (2016); Noseir, (2014) as shown in figure 3. The classification is 
divided into three main categories: subsistence; microscale; and medium 
to extensive urban farming.
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Figure 2: Scales of the Urban Farming Production System
(Source: RUAF, (2016); Noseir, (2014)

Figure 2 shows that urban subsistence farming is practised by locals 
that grow their garden at home. This scale of urban farming is the smallest 
and easiest that could be practised by the locals. Meanwhile, for microscale, 
urban farming includes commercialization to maximize economic benefits. 
This type also incorporates other recreational functions (RUAF, 2016). The 
most significant scale of urban farming is medium to large-scale urban 
farming. A larger plot is needed and more oriented towards market demand, 
technical knowledge and range (Noseir, 2014). 

Rooftop Urban Farming: A Precedent Study

Rooftop urban farming has become a current necessity in most of the 
developing countries. Most of the countries with high population nowadays 
are practising urban farming to overcome the food security issue. There is 
much to be learned from precedent studies. From the management until 
the technologies used, all of these aspects can serve as examples for other 
places in a way to help tackle the food security issue. This paper has selected 
significant cases of rooftop urban farming applied in urban areas. This will 
facilitate a better understanding and impart knowledge as well as experience 
in the implementation of rooftop urban farming in other countries.

The selection of precedent studies in this paper is by taking into 
consideration the most established urban farming practice in each country. 
The selection of types of building used for urban farming is numerous so 
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that variation experience can be a useful reference in creating new urban 
farming, especially in the Malaysian context. Therefore, Singapore, Japan, 
Thailand and the USA are the countries that had been chosen as the focus of 
this paper. Each state will be represented by one successful and established 
urban farming. Most of the countries chosen are Asian except for the USA. 
The reason USA was selected is because it is the most prosperous farm in 
the urban area around the world. Therefore, the result from this comparative 
study will give some input on urban farming.

Singapore

In Singapore, the limitation of land for farming is limited due to the 
densely built upbuilding.  The demands of food increase due to the rise of 
population. Therefore Singapore is trying to find a new solution in producing 
food around their city.  The previous study from Hui (2011) indicated that 
95% of all vegetables consumed in Singapore are imported, but through 
the rooftop urban farming, it can potentially produce 25% of the vegetables 
in Singapore.  

Figure 3: Details of Urban Farming in Singapore 
(Source: Donald (2011)

One of the recognized high-rise building in implementing urban 
farming is Khoo Teck Puat Hospital. This building has won the International 
Skyrise Greenery Award in 2010 and also Platinum in Green Mark.  It is 
the first hospital that provides a living classroom and healing environment 
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to help the patients enjoy the greenery. The unutilized rooftop space has 
been used for  urban farming that produces a variety of fresh vegetables. 
All of the crops are served to the patients and the remaining vegetables will 
be sold to the staff. The profit from this farm will be used to maintain the 
greenery and urban farm in this hospital. This farm has also provided job 
opportunities for the volunteers, including retirees and homemakers from the 
surrounding neighbourhoods that made this farm successful (Donald, 2011).

Thailand

The rapid growing metropolitan city in Thailand has turned the green 
spaces into urban structures (Suteethorn, 2011). The inspiration in turning 
the unutilized rooftop into urban farming is due to the loss of vegetable 
garden on land. Since Thailand is practising edible garden in their Thai 
garden, thus, the farming activity has been suggested to move to the 
rooftop. This is because of unutilized rooftop area which has the potential 
to replace the limited ground area for agriculture. Besides, in 2011, Thailand 
food resources are severely affected by the devastating flood in Bangkok. 
Therefore, the awareness of the importance of rooftop urban farm is widely 
spreading across the city.

Figure 4: Details of Urban Farming in Thailand 
(Source: Thimmaiah (2013)
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One of the good examples of rooftop urban farming in Thailand is in 
Laksi District office. This farm is located on the top of the seventh floor 
of the Laksi District office. The transformation of unutilized rooftop space 
into the farm comprises of 100 and more types of vegetables. In this farm, 
biodegradable wastes were used as resources for fertilizer and bio-pesticide 
(Thimmmaiah, 2013).  It is one excellent example for Malaysia in improving 
urban farming by turning the unutilized rooftop into rooftop farming in the 
urban area. Most of the roofs in Malaysia are not utilized to the maximum.

Japan

In a way to transform the dense city into an urban forest, one of the 
ordinances in Tokyo requires each building to allocate 20% of its rooftop 
into a greenery area (Hui, 2011). Therefore, the establishment of a new 
kind of urban farming was the establishment of a rooftop farm to enable the 
growing of food in dense urban areas. One of the most important rooftop 
urban farming is known as 'Soradofarm Lumine' which has been created 
in Tokyo, Japan.

Soradofarm Lumine is an urban farming project which uses train 
station rooftops to facilitate the train passengers to train their skills, socialize 
and to have a relaxing place while waiting for their train. This farm is located 
at JR Ebisu Station, established by the East Japan Railway Co (JR East) with 
535 sq. meters at the corner of the rooftop. This farm is opened to anyone 
to rent with the annual fee of 93,000 yen for a three square meter site and 
117,000 yen for five square meters. The cost for each plot size covers the 
tools and gardening equipment for each member. People, including residents 
in the neighbourhood and commuters, are attracted to start farming here. As 
a result, the urban environment of the station is improved as well as able to 
produce some fresh, local vegetables.  This type of urban farming which is 
rental farming will give income to the building owner. This is an excellent 
model to be implemented in the Malaysian context.  
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Figure 5: Details of Urban Farming in Japan
(Source: Japan Sustainability, 2011

USA 

Food production in urban cities in the USA is excellent and 
demonstrated successfully (Nowak, 2004; Sanyé-Mengual, 2015). The 
growing demand for local fresh vegetables around the cities created the 
arena of the development of small business. This has created a new market 
for urban food production. The rooftop is the best place to create a farm 
in the urban area. The prominent and successful rooftop urban farming in 
urban cities in the USA is Brooklyn Grange. This farm was founded in 2010 
and is one of the commercial-scale urban farming on the rooftop. Now the 
company owns two rooftop farms and a bee apiary on multiple roofs in New 
York. This type of urban farming gives benefits to the community and help 
the economy in the area too.

Other than food production on the rooftop, Brooklyn Grange also 
provides youth education programs through the City Grower association. 
This farm also provides a training program on urban farming and beekeeping 
(Sanyé-Mengual, 2015). Therefore, this will be implemented through the 
education program to educate the community to begin farming in the house 
compound in Malaysia. 



125

Green Roof Concept Analysis

Figure 6: Details of Urban Farming in the USA
(Source: Brooklyn Grange (2011)

COMPARATIVE STUDY 

The comparative study focuses on 4 countries which are Singapore, 
Thailand, Japan and the USA. The selection of the samples is based on the 
high population country that have successfully practised urban farming. 
The comparison of all the case studies is in terms of the following criteria:

1. Types of urban farming 
 All samples except the USA are private types of urban farming while 

the USA is more on the commercial kind. A learning centre is another 
role for all the examples.

2.  Space utilization
 All of the urban farming are held on the rooftop, which were previously 

unutilized except for Singapore and Japan. The roof has been 
rejuvenated and converted for urban farming. While for Singapore 
and Japan, the rooftop is purposely planned for urban farming.

3. Climate 
 The climate in Singapore and Thailand is similar to Malaysia, which 

is hot and humid. However there are four seasons in Japan and USA. 
Thus the selection of plants for Malaysian rooftops need to take these 
factors into consideration.
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4. Design of urban farming
 The design of rooftop urban farming in Singapore and Japan is a 

combination of green roof and food production as well. While for 
Thailand and the USA, urban farming is entirely for food production 
only.

5. Users 
 The users in Singapore are open to volunteers and patients since it is 

a hospital building. While for Thailand, the users are volunteers and 
gardening staff of the district office.  On the other hand, there is a 
difference with Japan and the USA whereby the users are the owners 
and the workers. This is because urban farming has a private owner. 
The comparison between all the precedent studies are shown in table 
1.

Table 2: Comparison between the Countries

Case study / 
Samples

Urban Farming User 

Types of UF Space Climate Design 

Singapore Public & 
Private

Purposely 
create UF

Hot and 
humid

Farm & roof 
garden

Patients & 
volunteers 

Thailand Private Utilized the 
rooftop

Hot and 
humid

Farm & roof 
garden

Volunteers 
& gardening 
staffs 

Japan Private Purposely 
create UF

Four 
seasons

Farm & roof 
garden

The owner 

USA Commercial Utilized the 
rooftop

Four 
seasons

Farm types The owner & 
workers

(Source: Hui, (2011); Noseir,(2014)

The Rooftop Urban Farming: The Malaysian Context

According to the Department of Statistic Malaysia (2016), the urban 
population in Malaysia is projected to increase from 28.6million (2010) 
to 41.5 million (2040). The green area in the city is decreasing due to the 
projection of the building features resulting from the urban sprawling. 
Therefore, urban growth will increase the annual percentage of the cost 
of imported food and beverages. As a country importing food, Malaysia is 
highly exposed and vulnerable to external forces such as the rising of food 
prices. For instance, Malaysian food import has continued to increase each 
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year (Zahari, 2011). Thus, to achieve national food security, it is crucial to 
find an alternative in producing and processing local food. Regardless of 
national food security, the farming sector also will provide rural employment 
and elevate rural incomes. Moreover, according to Nur Huzeima (2011), 
Malaysia has set the objective to make the country more self-sufficient with 
homegrown products in food production. Therefore the idea of homegrown 
food production will reduce the reliance on imported foods.  

The issue creates the idea among the professionals in the construction 
industry to be innovative with the greening options not only on the ground 
but also on the building's rooftop which is a green roof and green wall (Nur 
Hayati, 2018). Moreover, the green roof can give a cooling sensation to 
buildings and better reduction of temperature than the white roof (Asmat 
et al., 2011). 

Urban farming in Malaysia is not a new concept. The concept of 
farming was adopted a long time ago by rural folks within their residential 
area (Nur Huzeima and Byrd, 2011). This farming concept named as 
home gardening was practised and acted as a source of local foods for 
the households. The sharing basis of the harvested vegetables is a typical 
Malaysian culture (Muhammad and Rabu, 2015). As time passes, the 
farming activity changed its role by adapting with the socio-demographic 
changes and needs.  The changing role is due to the issues of agricultural 
land and urban poverty which emerged from the socioeconomic needs.

In contrast with the study by Rahman et al. (2013), green roof in 
Malaysia is increasingly common  but most of the green roof are not 
for urban farming. In fact, the urban dwellers prefer aesthetical garden 
than urban farming. It is because, due to the high maintenance of urban 
farming on the rooftop. Therefore the purpose of having green roof should 
be considered in order to accelerate the benefits towards the environmet, 
economic and social fabric.

Besides, regarding the policymaking process in Malaysia, there is 
always the forefront issue related to food security. There are a few policies 
used in Malaysia to promote urban farming. In the national Agro-food policy 
(NAP) 2011-2020, the primary policy measure is to pilot the development 
of the Malaysian agricultural sector. The policy is to address the domestic 
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and global challenges to ensure sustainability in food security. Moreover, 
the policy is to tackle the issue of sustainable agriculture, land scarcity, 
the competitiveness of the agro-food industry and so forth. The policy 
also aims to modernize the agriculture system to be modern and dynamic. 
Modernization will enable the agriculture activity to be productive in an 
urban and rural area as well.

The Prospect of Rooftop Urban Farming in Malaysia

The study by Rahman et al. (2014) found that most of the urban 
dwellers are aware of the development of green roof in Malaysia. Thus the 
exploitation of green roof can be developed to be rooftop urban farming. 
These can be proven by the findings from a recent study by Muhammad and 
Suhaimee (2015) which revealed that most of the respondents are familiar 
with rooftop urban farming.  This shows a good sign of the potential of 
rooftop urban farming in Malaysia. This is similar to the findings by Jafari et 
al.   (2015) that mentioned the positive response among the urban dwellers 
is strong on the use of  urban farming at the rooftop. 

On the other hand, the study from Rezai (2014) found that urban 
farming in Malaysia provides several opportunities such as employment of 
locals,  increase local income and health and food security as well. Thus, 
it can boost the economy not only for the urban dwellers but also for the 
country. 

The significance of the case studies from previous successful urban 
farming demonstrated that if it can be done in densely populated cities; 
surely it can be done in other countries. Thus, it shows that urban urban 
farming in Malaysia has the potential to be a success. 

CONCLUSION

This paper presents the data from the previous study showing the success 
of rooftop urban farming. Urban farming is a new efficient concept for 
a sustainable and livable city. Although there are many constraints and 
limitations in creating rooftop urban farming in cities, the benefit is 
tremendous and not merely providing food supply to the city. Ensuring 
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sustainable food security is an important task for governments all over 
the world. Most of the policies and strategies that have been planned and 
adopted aim to ensure food security in both the short and long term period. 

Although urban farming in Malaysia is still in the early stages, 
strategic planning will be able to boost productivity. Therefore, the support 
from the society especially professionals in built environment is needed to 
reap the benefits of urban farming towards the environment, economy and 
society. However, the benefits could not be optimized if the citizens lack 
awareness and knowledge in urban farming. Thus the first stage to boost 
the rooftop urban farming is by introducing or educating the citizens about 
urban farming.
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ABSTRACT 
 

This paper is a brief description of attempts of high school students during 
their experience to gain knowledge about environmental sustainability 
through an architectural project in Iran. Students are concerned with 
the waste materials produced by households and tried to draw the other 
students’ attention to this issue with their project. Waste milk bottles were 
used	as	the	primary	material	of	their	final	project.	The	result	of	the	project	
is a 150-centimeter-high and 160-centimeter-span arch, which had been 
constructed with the use of used milk bottles.

  
© 2020MySE, FSPU, UiTM Perak, All rights reserved

Keywords: Sustainability, Project-Based Learning, Waste Material, Waste 
Management



134

Malaysian Journal of Sustainable Environment

INTRODUCTION

The importance of nature and the environment for human beings cannot be 
emphasised enough. In the primitive era, nature had a considerable effect 
on the lives of people and shaped their activities. Our ancestors had to 
manage all of their daily chores in accordance with their surrounding nature. 
Thunderstorms, winds, earthquakes and other types of natural forces had 
direct influence on their daily lives. Over time, by gaining knowledge and 
promoting humans’ intellectual ability, they could change this unilateral 
relation to a bilateral one. It means human beings, by using their skills, 
could overcome the difficulties imposed by their natural surroundings. 
Gradually the humans found ways to overcome the challenges presented 
by nature whereby some had exploited the natural environment for their 
own selfish gains. 

As time elapsed the rate of this trend changed into a concern for 
environmentalists. In recent decades, there has been a surge in exploitation 
of nature that has become a widespread concern for almost all of the nations 
around the world. This had resulted in devising numerous solutions to 
overcome this global problem. “Sustainability” has emerged regarding the 
mentioned concern.

In this study, the focus is on describing the process of educating high 
school students with the concept of sustainability through the design and 
construction of an architectural form with the use of household wastes, 
precisely the same process in project-based learning (PBL). The students 
who were concerned about the amount and adverse effects of the waste 
produced of households tried to share this concern with others via their 
project. This project was conducted at the Architecture Research Club in 
Kherad educational complex in Tehran, Iran.

The multidisciplinary essence of architecture made this process 
possible as it is prone to have a wide range of usage: from a well-known 
major in university to design and to construct buildings to form the basis 
of some extracurricular activities whereby the educators can transform the 
knowledge.
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LITERATURE REVIEW 

Sustainability

“Sustainability” as a recently-emerged term is related to the methods 
of utilizing a resource so that the resource is not destroyed or damaged 
permanently. Sustainability results in a deep concern about the impact 
of human activity on the environment (Bennetts, Radford & Williamson. 
2003). “Environmental sustainability prohibits damaging effects on the 
environment by applying efficiently of renewable sources, natural sources 
and preserving the water, soil, and air from pollution” (Ghaderi. 2016). 
Very soon, the mentioned concept found its place in all sectors of developed 
societies, and consequently in developing countries, as a pervasive trend 
which needed special attention. One of the main areas of these societies, 
which has been affected, is the education system. The footprint of this trend 
has been apparent in education systems of the concerned countries. 

Learning through PBL 

The education systems can impressively influence the whole society 
by gradually establishing ethics and rules in the body of society, especially 
students. This process not only can include university students but also all 
students studying in an education system. Designing and developing courses, 
curricula, degrees, and programs prove the ability of educational system to 
be inclusive. Thus the role of an educational policy in permeating an ethic 
or culture in society is undeniable.

Two primitive methods of education consist of lecture-based learning 
and problem-based learning (PBL).In the lecture-based instruction (LBI), 
the teacher presents the content of the lessons and the activities which 
can deepen students’ learning. The knowledge acquisition of students is 
measured through the test at the end of the experience or the semester.

In contrast, Project-based learning (PBL) is an approach in which 
students start their learning process with a project or problem. This method 
encourages students to ask questions, try to find answers or solutions, 
and reform their process by reviewing the course. It means that they are 
responsible for their own knowledge acquisition (Ward & Lee. 2004). In 
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this process teachers play the role of facilitators. Students ask the questions. 
In addition, during the course of finding solutions, teachers will assist the 
students to guide as well as help them. The answer will be derived through 
research, investigation, testing and experiencing while teachers superintend 
the process of answering (Bell. 2010). With this approach students play 
a pivotal role by asking, discussing, defending their ideas, making some 
comments and sharing new ideas instead of passively listening to their 
teachers. Each student in this approach has an individual influence and 
plays his role in the team (Tascı. 2015).

The Education System in Iran and the Approach of the 
Architecture Club at Kherad High School

The education system in Iran revolves around the lecture-based 
method. It consists of students as passive listeners and teachers as the only 
speakers (Safari & Pourhashemi. 2012) who presented the lectures. Teachers 
teach students lessons. At the end of each semester students have to pass an 
exam to prove their expertise in the guided example. Despite the pervasive 
and common trend in Iran, the Architecture Club at Kherad high school 
chose a different method to show sustainability to its students.

An early acquaintance of students with the concept of sustainability 
makes them sensitive about this issue in their lives. Accordingly, some extra-
curricular activities have been established in private educational complexes 
in Iran like Manzoumeh Kherad Educational Complex to make the students 
familiar with the mentioned trend. The Architecture Club, besides several 
clubs related to the other fields of knowledge, has been established to meet 
the needs of students to learn about sustainability, nature and the future of 
their environment through architectural projects. 

The Architecture Club in this educational complex tries to make the 
students aware of the impact of human behaviour and their lifestyles on 
nature in a way completely different from the current teaching methods in 
Iran. The Architecture Club applies a profoundly different approach namely 
PBL, to teach the concept of sustainability to high school students.
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Waste material as a Global Concern

Environmental pollution and waste materials stem from individual 
lifestyle and activities. Cities around the world are producing about 1.3 
billion tonnes of municipal solid waste each year, and this amount will 
increase to 2.2 million tonnes by 2025 (Hebel, Wisniewska & Heisel. 2014). 
The mentioned figure for the near future is bewildering and frightening.

Based on a research which was carried out in 2013 the amount of solid 
waste production in Iran was about 0.89 kg per capita per day whereby 75% 
of the total amount include organic wastes, 5% paper, and cupboard and 
6% plastics (Hatami, Memarian fard & Sabour. 2016). 

When a product is generated from natural resources and material, its 
life span is limited to the duration of its usage. For example, a life span of 
a bottle of water starts from its production until someone drinks it up, and 
then it is considered as trash, which is the end of its lifespan. 

There are so many concerns about waste material in the landfill and 
the whole situation of collecting waste. Mixed waste, toxic materials and the 
combination of all contaminated substances without any protection system 
can cause significant problems. In some cases the garbage transfers from 
a country to another country. For example, the United States of America 
pays for the transferring of its produced waste to China. Another example 
is Ghana where people happily accept e-waste from other parts of the 
world because of profit. Moreover, people around the dumpsite can burn 
the e-waste to extract some precious metal like copper and aluminium. Air 
pollution is the inevitable result and the minimum adverse side-effect of 
the abovementioned process.

The vast usage of plastic bags around the world can cause significant 
problems and adverse effects. Oil is the raw material to produce this 
product and the same quantity of fuel to provide its required production 
energy for the manufacturer. As a result of this process, about one kilogram 
of carbon dioxide (CO2) is released to produce five average-size plastic 
bags. It should be noted that about half of this amount could be eliminated 
or saved if the countries start to recycle plastic waste, the act which can 
restrain emitting more CO2 and toxic fumes to the atmosphere. However, 
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what usually happens instead is the practice of dumping trash in landfills, 
burning the wastes or throwing them away indiscriminately. The figures for 
other industries are more concerning. Moreover, steel and paper production 
both need more considerable energy to produce from raw materials than 
recycling from waste materials (Hebel, Wisniewska & Heisel. 2014).

Waste Materials and Architecture

Architects need materials to make virtual designs into real buildings. 
They can use either raw material or the waste resulted from other activities. 
Numerous prototypes, researches and outputs have been carried out all 
over the world in order to use the waste material in construction which 
include: insulation infill, insulating panel, insulating bricks and blocks, 
construction panels, waterproofing panels and finishing tiles (figure 1) 
(Hebel, Wisniewska & Heisel. 2014).

Figure 1: United Bottle, Water Bricks, Construction Bricks, 
UPM ProFi, Construction Profiles

    (Source: Hebel et al, 2014)

Construction employing waste is known as creative work. One of the 
innovative prototypes with recycled bottles is Polli-Bricks, which is done 
by the Miniwize group in the United States. Its thermal and sound insulating 
feature, in addition to its resistance, makes it a unique exploit architecture 
(Minimize group, 2009).

Another interesting prototype of this kind is the WOBO summer house, 
which is constructed with the use of discarded bottles. The main issue about 
both current projects is their principal constructing component which was 
designed to be used as constructing material.
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Figure 2: The Logic of Making the Prototype 
(Source: inhabitat.com)

Figure 3: Logic of Interlocking the Components
(Source: Heineken, 1964)

Figure 4: The Final Product 
(Source: Besana & Ferrari. 2019)
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Apart from showing the creativity of designers, the waste material can 
economize construction for people. In some projects especially in slums 
and impoverished areas around the world, waste bottles have been used to 
construct permanent homes for destitute people (figure 5, 6) (Goud. 2014 
and Saxena & Singh. 2013).

Figure 5: Bottle Bricks as Bricks in Construction 
(Source: thehomestead.guru)

Figure 6: Bottle inCconstruction in Guatemala 
(Source: tammyblomsterberg.com)

Bottle bricks refer to PET  bottles that are filled with sand or other 
inorganic trashes. It is a low cost, environmentally friendly, and sustainable 
method in indigence areas around the world that uses the waste material 
(PET bottles) and the material available in their habitat (sand or other 
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inorganic trashes). It is a standard method in Nigeria, India, South and 
Central America based on Goud’s research. In this method bottle bricks 
outlast the cement more than 300 years, which binds the bottles to shape 
the walls. Durability and strength of the mentioned material are correctly 
estimated to build a 3-storey building. This method in comparison with the 
masonry method which is common in the mentioned areas is considerably 
cheaper, faster, and less energy-consuming (Goud. 2014).

METHODOLOGY 

Planning the Research 

Manzoumeh Kherad is a private educational complex in Tehran that  
holds several 6-month workshops, on an annual basis, for different clubs 
of students from the 7th, 8th, 9th, and 10th grade to help them put their 
theoretical knowledge into practice and make them familiar with ongoing 
issues of the globe. Teachers of each club try to plan experiments for students 
to come up with real results for their experiments. The other opportunity 
that is given to each club is recognizing personal talent and enhancing 
different skills, improving self-confidence, and presenting the best award 
of the finale of the Clubs at the end of the educational year.

Last year, 2018, the focus of the Architecture Club was the concept 
of sustainability for students of 7th grade (13-year-old girls). After a brief 
presentation about the importance of nature and the preferred topics of 
the Club by teachers, students arranged their team based on their common 
interests and started their project by posing some questions. Their questions 
had some features: the question should be a daily life challenge, it should 
consider a human life concern, and it should have the potential to be solved 
by employing an architectural project.

Three students in the 7th grade who were eager to learn about the 
concept of sustainability joined together and concentrated on their home. 
They aimed to discover if they can find some creative solutions to make 
their homes more sustainable. Solid waste material generated in the kitchen 
drew their attention and encouraged them to search and know more about 
it. Thus, the main questions were posed:
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1. What is the life cycle of the solid waste material (SWM)?
2. How can the life span of SWM be prolonged?
3. How can SWM be used as a construction material for architectural 

projects?  
4. Is there any other application for the final project? Where and how?

They referred to websites and online libraries for data collection and 
to familiarise themselves with the concept of the project. The data presented 
in the literature review section made them confident with the focus on solid 
waste material generated by households as the base of their research. 

The process of students’ effort and practice during the project is 
summarized as follows:

1. Phase 1: problem/ question finding 
2. Phase 2: gain knowledge related to the issue
3. Phase 3: choose the material, experience several modules, and opt the 

architectural form
4. Phase 4: provide details and create the final form

Material Selection

Based on the mentioned process above, plastic bottles that were 
available and considerable in multitude in households were chosen as the 
solid waste material to construct their architectural forms.

The process of finding a proper architectural form was an exciting 
challenge for students. They had seen several bottles which were different 
in shapes and tried to attach them by elastic straps and construct modules 
(figure 7, 8, 9 and 10). Some modules were accepted, but some did not have 
the potential to be used as a construction module.
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Figure 7: Experience with Water Bottles (250cc volume) and Elastic Strap
Source: Author

Figure 8: Experience with Water Bottles (1litre volume) and Elastic Strap
Source: Author

Figure 9: Experience with Milk Bottles (1litre volume) and Elastic Strap
Source: Author
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Figure 10: Experience with Milk Bottles (1litre volume) and Elastic Strap
Source: Author

Table 1: Comparison of Different Types of Waste Bottles

Type of bottles picture Strength 
in lateral 

force 
exposure

Strength 
in upright 

force 
exposure

Expandability availability Stability in 
attachment

1 Bottled water 
(0.5 liters)

- - + + -

2 Bottled water 
(1.5 liters)

- - + + -

3 Bottled milk
 (1 liter)

+ + + - +

4 Bottled milk
 (0.9 liters)

+ + + + +

5 Cocacola 
bottle 
(0.5 litre)

+ + + - +

6 Cocacolabottle 
(1.5 litre)

+ + + - +

Source: Author
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According to Table 1, a comparison between the available waste 
bottles based on certain criteria was carried out. All the bottles other 
than numbers 1 and 2 showed enough strength in exposure of lateral and 
vertical forces. Bottles 4 and 5 were omitted because their content included 
high level of sugar which is not suitable for the health of high school 
students. Between bottles3 and 4 both were found to be appropriate based 
on the abovementioned criteria, while bottle 4 was chosen because of its 
availability.

Hence, the selected type of bottle was milk bottle from the Damdaran 
brand, which was available, proper in shape, had potential of expansion, 
attachment, and possess more stability.  Students published an announcement 
all over the school and asked the other students to help them by delivering 
their waste milk bottles to the club. Besides, they called the manufacturer 
company and asked them to take part in the project by providing required 
waste bottles. Finally, the team could produce about 250 bottles which they 
needed for the project. 

In the next step, students invented a method to produce the based 
module of their construction. They cut a bottle and joined it to the bottom 
of another intact bottle as shown in Figure 11. Then this module, doubled-
bottle as they denominated, was attached to two entire bottles at each neck 
by elastic straps, as shown in Figure12.

Figure 11: The Logic of Making Doubled-Bottle Module
Source: Author
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Figure 12: The Logic of Attaching Doubled-Bottle with Intact Bottles by 
Using Elastic Strap

Source:Author

Stability of the Modules

As the modules were erecting, they showed some instability in length 
(Figure 15). Therefore, students used plastic straps, which are used to wrap 
home appliance packages as stiffeners to restrain the movement of modules 
and prevent sliding on each other (Figures 14 and 15) as the elastic straps 
were not able to endure the weight of the structure the plastic straps joint 
with rivet (figure 16). The result from these attempts was a 110-centimeter-
high arch (figure 16). To prevent two bases of the arch from lateral drift, 
two square-based columns were attached to each end of the arch (figure 
17, 18 and 19). 

Figure 13: The Method of Attaching Bottles Together
Source: Author
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  Figure 14: Expansion of the Module
Source: Author

Figure 15: Using Straps as Stiffener
Source: Author

  Figure 16: Join the Straps with Rivets
Source: Author

  Figure 17: Process of Producing the 
Columns. (1) Doubled-Bottles Attached 
by Elastic Straps. (2) Plastic Straps as 

Stiffeners  
Source: Author

  Figure 18: Final from Column
Source: Author

  Figure 19: Attaching the Arch with the 
Columns

Source: Author
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RESULTS AND DISCUSSIONS 

The process experienced in this project is the implementation of PBL to 
increase students’ knowledge and sensitivity to the concept of sustainability. 
The mentioned process conducted by three high school students is shown 
in Figure 20.

Figure 20: Conceptual Model of the Project
Source: Author

Studying and exploring while being familiar with sustainability, its 
importance and effects led students to choose a type of waste materials from 
their home as the primary material of their project. They chose milk bottles 
as their material of construction. The process of providing the bottles they 
needed was a good example of collaboration and teamwork.

After procuring the required bottles, form-finding attempts led to the 
generation of a creative doubled-bottle module, which was the foundation of 
their final model. The next challenge was the method of attaching the bottles. 
It was solved by a simple solution, using elastic straps for temporary stability 
of the structure and using plastic straps and rivet to increase the consistency 
and integration of the final composition. The permanent challenges faced by 
the students during the project made the project process-oriented instead of 
result-oriented, which was utterly different from the conventional teaching 
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and learning method in Iran. The final form which was an architectural arch 
is shown in Figure 21.

Figure 21: Final Architectural Form and its Producers
Source: Author

CONCLUSION 

Architecture can play an essential role in the process of teaching students. 
Due to its project-based nature, it has the potential to be used in the process 
of teaching and learning. In this paper the role of waste materials related 
to the concept of sustainability in the form of an architectural project has 
been experienced. 

This experience was profoundly fruitful for students, as they mentioned 
at the finale of the Club. It made them sensitive about the concept of 
sustainability in their surroundings. Some of them stated that they would 
make certain changes to their lifestyle which included the following:

1. Considering waste separation in their home
2. Choosing a product with reusable packages to reduce the solid waste 

materials during shopping
3. Reducing the use of paper cups and dishes
4. Inventing new application for waste material in their home (to create 

crafting)

Since the registered students in the Architecture Club in the current 
year 2019, who are eager to challenge topics related to sustainability show a 
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considerable increase, it seems that the experience of sustainability through 
carrying out a project was successful.

The architecture Club is going to generalize its method by using other 
types of solid waste materials in homes, for example, used CDs, DVDs 
and so on.
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ABSTRACT

Conserving the traditional Malay Kutai houses as our building heritage is 
important before they perish due to neglection. For maintenance purposes, 
the palm leave roofs are replaced with more durable materials such as 
zinc or onduline roof sheets. Replacing the building materials without 
understanding	their	properties	could	cause	harmful	effect	on	the	indoor	
thermal	comfort.	Previously,	there	is	minimal	quantitative	research	done	
to prove that the traditional Malay house is thermally comfortable. Thus, 
this research intends to measure the thermal comfort parameters of Kutai 
house and analyse the result using a bioclimatic chart. The results revealed 
that the average thermal comfort conditions of the Kutai houses are within 
the boundaries of comfort zone as recommended for natural ventilated 
buildings despite using zinc roof. 
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INTRODUCTION

Malaysia is located at low latitudes between 0º to 7º north of the equator, 
having a warm and humid climate. The average temperature is consistently 
high (about 28ºC) during daytime throughout the year, with small daily 
thermal swings of about 5ºC to 10ºC. Relative humidity is high (about 84%), 
and the average daily wind speed is only about 1m/s (www.timeanddate.com, 
2019). This often causes discomfort for the building inhabitants especially 
during daytime. We use vast amount of energy to cool our buildings which 
leads to high CO2 emissions that contribute to global warming and climate 
change. Traditional and indigenous architecture are often climate responsive, 
built using minimal resources and use less energy. “The traditional Malay 
house contains the wisdom of building and living sustainably with nature” 
(Yeang, 2014). We need to understand the principles behind the existing 
design features of traditional and vernacular architecture for potential 
solution to reduce cooling energy in modern buildings. 

The Kutai house is the oldest known type of traditional Malay house 
found in the region of Perak, Malaysia dated back to the year 18th hundred. 
Ariffin and Talib (2005) urge more research on traditional Malay houses 
since they are quickly decaying due to poor maintenance and care. Nipah 
or sometimes sago palm leaves was originally used for the roof. Since 
its availability and demand is now scarce, and difficult to maintain, most 
of the remaining Kutai houses roof materials were replaced with zinc, 
steel or Onduline roof sheets. This could cause detrimental effect on the 
indoor thermal comfort condition (Sari et al., 2019). However, minimal 
quantitative research has been done to prove that the Kutai house is thermally 
comfortable. The aim of this paper, therefore, is to evaluate the Kutai house’s 
indoor daytime thermal comfort condition using field study measurements 
of current indoor environmental conditions and bioclimatic analysis. Two 
case studies of Kutai houses: the Tok Seindera Bongsu’s house (RTSB) built 
in 1840s and Iskandar Rasul’s house (RKR) built in 1880s were employed. 
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LITERATURE REVIEW

Kutai House 

Traditional Malay houses typically consist of the main house or space 
(rumah ibu), entrance space or balcony (serambi), guest area (anjung), and 
kitchen (rumah dapur). The main house and kitchen are separated by a space 
known as ‘selang’ which sometimes serve as entrance for women. The oldest 
and simplest type of Kutai house is known as Kutai Asli which consist of 
only the main house (rumah ibu) and has only one bedroom. Later, other 
types; Kutai Anjung and Kutai Anjung Beranda; were built which has guest 
area (anjung) and balcony (serambi) added. The size of the main house is 
determined by the number of columns they have which are either 12 or 16. 
Figure 1 shows the typical forms of Kutai houses. Kutai house has a distinct 
long roof ridge that is slightly curved in the middle and cantilevered gable 
ends. The roof has a high pitch of about 50⁰ to 60⁰ angle intended to allow 
the rain to easily drain down. The original roof was usually made of Nipah 
palm leaves. The main material for structures, floors and walls is hardwood 
timber (RTSB) (Figure 6) while tepas or bamboo weave are sometimes used 
for the walls (RKR) (Figure 7). 

Figure 1: Typical form of Kutai House 
(Source: Ariffin & Talib, 2005)

Bioclimatic Design 

Bioclimatic design was coined first by Olgyay in 1953 (Evans, 
2007). Typical bioclimatic design approach for houses in hot and humid 
climate recommends solar protection, cross ventilation, and lightweight 
construction. Lechner (2014) described the approach as passive design 
method which consists of solar control, structural control, and ventilation. 
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The purpose of solar control is to avoid heat gain from the solar radiation by 
suitable building orientation and using shading devices. Besides, structural 
control requires appropriate use of building materials to reduce heat transfer 
into the building, while ventilation removes the heat from the building and 
cools the building and its’ inhabitants.  

In the case of low-rise buildings, most of the heat (80%) enters through 
the roof (MS2689:2017). Heat gain through the walls and windows mainly 
occur during morning and evening when the sun’s altitude is low. Heat 
is transferred into a building mainly by conduction through the building 
envelope (roof, and east and west walls) and by radiation through the 
unshaded window openings. Thus, knowing the material properties of the 
envelope: conductivity, k-value, resistance, R-value, surface colour, and 
thickness is therefore important since it can influence the heat conduction 
into the building. Overall heat transfer coefficient, U-value or U-coefficient 
indicates the amount of heat that flows across a building envelope (roof or 
wall). U-value is one on the factors that reduce the overall thermal transfer 
value (OTTV) score required for energy efficiency (Ismail & Zainonabidin, 
2016). U-value is the reciprocal of the total thermal resistance, R, of a 
building envelope that may consists of several components of different 
materials. U-value is the inverse of RT, where RT is the total resistance of 
all components of a wall or roof including the resistance of air at its internal 
and external surface. RT = Rsi + R1 + R2+ Rn + Rso where Rsi and Rso 
is the internal surface air resistance and external surface air resistance 
respectively. Resistance of a material, R = d/k, where d is the thickness & 
k is conductivity of the material.  Low U-value and high R-value is better 
in reducing the heat gain through the building envelope (Littlefield, 2018). 

Albedo is the measure of a surface’s reflectivity of solar radiation 
which has a value between 0 and 1 (Lechner, 2014). A white surface will 
have an albedo close to 1 because it reflects most of the solar radiation. On 
the contrary, black surface absorbs most the solar radiation, thus having 
an albedo near to 0. The temperature difference between the surface and 
ambient air temperature is only about 10ºC if high albedo roof is used 
compared to 50C for low-albedo roof (Akbari & Konopacki, 1998). This 
can lead to cooling energy savings in hot climates. Other researchers have 
shown that by changing the albedo of roof and walls from medium dark 
colour (0.3) to light colour (0.9) can reduce the total air conditioning energy 
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by 20%. Grass has an albedo of 0.2 to 0.3, corrugated roof’s albedo is 0.1 
to 0.2, and highly reflective roof’s albedo is 0.6-0.7 (Lechner, 2014). 

In addition, ventilation of buildings helps to cool the building structure 
and interior space by exchanging warm indoor air with cooler outdoor air. 
Natural ventilation can be provided by using differential wind pressure, 
and air buoyancy through stack effect. Locating the windows or openings 
at suitable positions at windward and leeward side is important as to induce 
the indoor air movement. 

Thermal Comfort 

The air temperature, relative humidity, air movement and mean radiant 
temperature are the main environmental factors that influence thermal 
comfort (Lechner, 2014). Other factors that may affect thermal comfort are 
clothing and the human’s metabolism. The surrounding air temperature is 
the main influential factors that determine thermal comfort. The human body 
exchanges heat with its surrounding environment by conduction, convection, 
radiation and evaporation (physiological cooling). The human body needs 
to lose heat to the surrounding environment in order to maintain its body 
temperature and be comfortable (Rosenlund, 2015). High environmental 
temperatures reduce the heat loss rate from the human body. On the other 
hand, high relative humidity means that the air contains lots of water vapour, 
while high relative humidity at high air temperature makes the human body 
sweat. The evaporation of sweat causes the human body to cool down. 
Besides, air movement helps to increase the rate of evaporation. For comfort, 
mean radiant temperature (MRT) needs to be close to the air temperature 
values. Additionally, higher MRT causes the exposed human skin to feel 
the radiant heat radiated by the surrounding surfaces.

 
Olgyay’s bioclimatic chart (1963) (Figure 3) provides in graphic form 

the environmental parameters that defines the ‘comfort zone’. ‘Comfort 
zone’ is “the range of climatic conditions within which the majority of 
persons would not feel thermally discomfort” (Givoni, 1998). In addition, 
the bioclimatic chart provides compensatory measures, for example, an 
increase of air velocity to offset high air temperature and relative humidity. 
Olgyay (1963) suggested the usage of bioclimatic chart as guidelines 
for lightweight buildings in hot humid countries where there was little 
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temperature fluctuations between indoor and outdoor. Givoni (1970) then 
developed a variant of Olgyay’s concept using psychrometric chart that a 
number of zones for different climates and design strategies can be added 
(Figure 4). Givoni’s psychrometric chart (1970) defines the comfort zone 
for naturally ventilated (NV) buildings: relative humidity ranges from 
28% to 100% when air temperature is at 20ºC, and from 24% to 55% at air 
temperature of 32.5ºC. Furthermore, reduced air temperature is required 
for comfort from 32.5ºC to 26ºC when relative humidity increases from 
55% to 100%.

Nicol and Humphreys (2001) proposed the theory of ‘adaptive comfort’ 
whereby human makes adaptation by changing clothes and activity levels to 
achieve comfort. Figure 2 shows a version of the ‘adaptive comfort model’ 
where the indoor thermal comfort is dependent on the average external 
temperature (ASHRAE standard, 2004). Based on the adaptive thermal 
comfort model (Figure 2), the average temperature (about 28ºC) (www.
timeanddate.com, 2019), thermal comfort (80% satisfied) for the building’s 
interior in Malaysia should be between 21ºC to 31ºC.

Figure 2: Adaptive Thermal Comfort Based on the Average Monthly 
Outdoor Temperature. Dotted Vertical Line Indicate Comfort 

Range for Malaysia 
(Source: ASHRAE Standard 55:2004)
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Figure 3: Olgyay’s Bioclimatic Chart Showing the Comfort Zone 
(Source: Olgyay, 1963)

Figure 4: Givoni’s Psychrometric Chart (1970) Showing Comfort Zone for 
Naturally Ventilated Building (NV)

(Source: Al-Azri et.al, 2012)

METHODOLOGY

Qualitative study on the bioclimatic design approach of the two original 
Kutai houses were studied (Figure 5). Overall heat transfer coefficient 
(U-value) of the existing building envelope were calculated to determine 
the roof and wall’s thermal performance. The U-value calculation was 
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described in the previous section. For calculation purposes, the material 
properties (r-value or k-value, and thickness) of each material that forms 
the roof and wall components must be looked into and can be found in 
various references or material’s fact sheet. The resistance, R of air film is a 
constant (Littlefield, 2018). For comparison purposes, the researchers also 
calculated the U-values of nipah (originally used for Kutai house), onduline 
(alternative material sometimes used) roofs, and both zinc and onduline 
roofs with insulations included as roof component. 

In addition, field measurement data of indoor air temperature, relative 
humidity and air speed were obtained to evaluate the environmental thermal 
comfort level in the Kutai houses on a clear day during daytime at one-hour 
interval from 7am to 7pm. The field measurements were taken on different 
days in December, 2016. Measurements were taken at various zones (Figure 
5) using Multi-Parameter Ventilation (Velocity Plus). The hourly average 
results were plotted on a bioclimatic chart for analysis. The thermal comfort 
ranges proposed by Givoni (1970) was used as standards for naturally 
ventilated buildings. The research does not consider clothing and human’s 
metabolism since they are not part of building design parameters.

RESULTS AND DISCUSSIONS

Bioclimatic Design Approach

Solar Control
The Kutai houses are oriented to face the river rather than align with 

the sun’s daily path (east-west). The floor plans orientation with the location 
of windows are shown in Figure 5. Using the roof ridge axis as a reference, 
RTSB’s orientation is actually SouthEast-NorthWest (SE-NW), having the 
NorthEast (NE) and SouthWest (SW) walls and windows shaded by the 
roof overhanging eaves (Figure 6). RTSB’s SouthEast wall is exposed to 
the radiation during morning, while its NorthWest wall is exposed during 
the afternoon. RKR’s orientation is NorthEast-SouthWest (NE-SW) with 
SouthEast and NorthWest walls and windows shaded by the roof overhang 
during morning and afternoon (Figure 7). Its NorthEast and SouthWest walls 
are exposed to the radiation during morning and afternoon respectively. All 
windows are made of timber that can be closed when needed to provide 
protection against the solar radiation in the morning and evening. 
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Figure 5: Floor Plan of Kutai Houses. Tok Seindera Bongsu’s House (Left), 
Kanda Rasul’s House (Right). Environmental Measurements were Taken in 

Various Zones Indicated by the Alphabet
Source: Author

Figure 6: Tok Seindera Bongsu’s House (RTSB). View from east (Top left). 
Southeast Elevation (Top right). View from north (Bottom left). Northwest 

elevation (Bottom right)
Source: Author
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Figure 7: Windows of Kandar Rasul house (RKR). View from west (Top left). 
View from north (Top right). Ventilation Holes (Bottom left).

(Source: Rashid, 2017 (Bottom left)

Structural Control
The overall heat transfer coefficient (U-value) of Kutai houses roof 

and wall components were determined (Table 1 to 7) and the comparison is 
shown in Figure 8. For comparison purposes, U-values of Nipah roof, and 
zinc roof and onduline roof with the addition of insulation and ceiling as 
part of the roof component were also calculated (Table 1 to 5). The U-value 
of Nipah roof is low (0.4W/m2K) compared to Zinc roof (5.56W/m2K) and 
onduline roof (4.64W/m2K). Nipah roof would have significantly reduced 
the heat transfer into the houses, thus reducing the indoor air temperature. 
To match the Nipah roof U-value, insulation of 10cm thick with conductivity 
of 0.039W/mK need to be added to the zinc and onduline roof component.  
Zinc roof has higher surface reflectivity (albedo of 0.6 to 0.7) than onduline 
roof and thus would reflect more heat and provide greater energy savings 
for cooling (Akbari et al, 1992). For the walls, bamboo weave’s (RKR) 
U-value is significantly higher than timber (RTSB) since it is thinner and 
has higher conductivity.
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Table 1: U-Value Calculation of Nipah Roof

Roof 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

Nipah palm 
leaves*

0.07 0.03 2.33 -

External air 
film

- - 0.04 -

Internal air 
film

- - 0.13 -

TOTAL 2.50 0.40

(Source: *Al Nesearawi, 2008)

Table 2: U-Value Calculation of Zinc Roof

Roof 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

Zinc 0.004 0.4 0.01 -
External air 
film

- - 0.04 -

Internal air 
film

- - 0.13 -

TOTAL 0.18 5.56

Source: Author

Table 3: U-Value Calculation of Onduline Roof

Roof 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

Onduline* 0.003 0.066 0.045 -
External air 
film

- - 0.04 -

Internal air 
film

- - 0.13 -

TOTAL 0.215 4.64

(Source: *onduline.co.uk)
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Table 4: U-Value Calculation of Zinc Roof with Insulation and Bamboo 
Weave Ceiling

Roof 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

Zinc 0.004 0.4 0.01 -
Insulation - - - -
(mineral wool 
*)

0.1 0.039 2.56 -

Ceiling 
(bamboo)

0.003 0.162 0.019 -

External air 
film

- - 0.04 -

Internal air 
film

 - - 0.13 - 

TOTAL 2.76 0.362

(Source: *Lechner, 2014)

Table 5: U-value Calculation of Onduline Roof with Insulation and Bamboo 
Weave Ceiling

Roof 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

Onduline 0.003 0.066 0.045 -
Insulation - - - -
(mineral wool) 0.1 0.039 2.56 -
Ceiling - - - -
(bamboo 
weave)**

0.003 0.162 0.019 -

External air 
film

- - 0.04 -

Internal air 
film

-  - 0.13  -

TOTAL 2.80 0.357

(Source: *Lechner, 2014
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Table 6: U-Value Calculation of Hard Wood Timber Wall (RTSB)

Wall 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

HW timber 
board

0.015 0.17 0.088 -

External air 
film

- - 0.04 -

Internal air 
film

- - 0.13 -

TOTAL 0.258 3.87

Source: Author

Table 7: U-Value Calculation of Bamboo Weave Wall (RKR)

Wall 
components

Thickness, d 
(m)

Conductivity, 
k (W/mK)

Resistance, R 
(m2K/W)

U-value (W/
m2K)

Bamboo 
weave

0.003 0.55 0.005 -

External air 
film

- - 0.04 -

Internal air 
film

- - 0.13 -

TOTAL 0.175 5.70

Source: Author

Figure 8: U-value Comparison of Different Roof and Wall Materials
Source: Author
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Ventilation
Kutai house’s layout is open-planned and normally has only one 

bedroom. Lattices at the top of the bedroom partitions are installed to allow 
free flow of air through the house. All the Kutai houses typically have the 
same number of windows and fixed window locations. The number of 
windows is significantly less and smaller than in other types of traditional 
Malay house. The location of the windows allows cross ventilation from 
many different wind directions. The windows can be open or closed 
depending on the occupants’ needs. Normally, windows are opened during 
the day and closed at night. There are two segments of windows which is 
low and horizontal for people who are sitting on the floor, and vertical for 
people who are standing or walking.  Apart from the windows, there are 
also many ventilation holes to enable the wind going into the house for 
ventilation and cooling, and also for removing hot stale air and humidity 
out (Figure 6 & 7) as the floor is built high on stilts, thus, higher velocity 
wind flow in the house is expected. 

Field measurement results and bioclimatic analysis

Figure 9 shows the scatter results of air temperature against relative 
humidity plotted onto a bioclimatic chart. The ‘comfort zone’ parameters 
recommended by both Olgyay (1963) and Givoni (1970) are shown. Most 
data for both Kutai houses falls inside Givoni’s ‘comfort zone’ for naturally 
ventilated buildings, proving that the houses are thermally comfortable even 
with zinc roof. The use of nipah roof, having lower U-value (0.4W/m2K) 
(Figure 8) than zinc (5.56W/m2K) and onduline roof (4.64W/m2K), would 
result in a lower indoor air temperature since less heat would be transferred 
into the houses. This would have pushed all the data down into the comfort 
zone required for naturally ventilated building as recommended by Givoni 
(1970). Zinc, despite having higher U-value than onduline roof, has higher 
albedo and would have more heat than onduline roof and produce slightly 
cooler indoor environment.

Figure 10 shows the graph of air temperature, TA against time in the 
Kutai houses studied. Upper limits of comfort set by Givoni (1970) and 
adaptive comfort (80% satisfied) is shown in the graph. The maximum 
temperatures in both houses were below the upper comfort limit suggested 
by Givoni (1970). RKR records temperature above the upper limits of 
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adaptive thermal comfort (difference of 1ºC) for only about 1 hour at noon. 
The minimum air temperature, TA recorded at 7am was 23.2⁰ in RKR, 
which is 1.6ºC lower than in RTSB (24.8⁰C). However, the maximum TA 
recorded in RKR (32⁰C) was higher than in RTSB (29.6⁰C) at noon. Indoor 
temperature swing was 8.8ºC in RKR and only 4.8ºC in RTSB. Overall, 
temperatures in RKR were lower in the morning than in RTSB but higher 
from 11am onwards. Since the main difference between RKR and RTSB was 
the material used for their walls, it might be possible that the RKR’s thin 
bamboo weave walls and higher conductivity than timber allowed the heat to 
transfer quickly across the walls thus producing greater indoor temperature 
swing. Hence, the resultant U-value of bamboo weave wall is higher than 
timber wall (Figure 8) causing the higher temperature swing in RKR. 

Figure 11 shows that the relative humidity (RH) was higher when the 
air temperature was low. The maximum RH recorded was 95% in RTSB 
and 95.37% in RKR. The minimum RH recorded was 73.33% in RTSB 
and 65.26% in RKR. The average RH in RTSB and RKR was 87.15% and 
81.97% respectively. Relative Humidity could be lowered if the air speed 
inside the houses was higher. Besides, the bioclimatic chart (Figure 10) also 
shows that the air speed of 0.4m/s to 1m/s could reduce the indoor relative 
humidity and air temperature. 

Figure 12 shows graph of air velocity, V recorded in the Kutai houses 
studied. Although high wind velocity was expected inside the Kutai houses 
due to the numbers of windows and ventilation holes found, the maximum 
air velocity recorded was only 0.18m/s in RTSB. The average air velocity 
measurement was higher in RTSB (0.07m/s) than in RKR (0.04m/s). 
The speed of less than 0.25m/s is considered unnoticeable except at low 
air temperatures (MS2680: 2017). However, wind flow is expectedly 
unpredictable as breeze may not be available, and this may also be influenced 
by other constraints that could prevent cross ventilation. Further air speed 
measurements inside and outside the Kutai houses are therefore needed to 
confirm the findings.
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Figure 9: Results of Air Temperature Against Relative Humidity
Source: Givoni (1970)

The solid line box represents the comfort zone based on Givoni 
(1970). Dotted box represents Olgyay’s (1963) comfort zone. Wind speed 
requirements (dotted & dashed lines) are also plotted based on Olgyay’s 
bioclimatic chart.

Figure 10: Charts Showing the Results of Air Temperature, TA Against Time.
Source: Givoni (1970).

The dotted line indicates the maximum limit for comfort recommended 
by Givoni (1970). The solid line indicates the maximum limit for Adaptive 
Comfort (80% satisfied). 
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Figure 11. Charts showing the Results of Relative Humidity, 
RH Against Time

Source: Author

Figure 12: Charts showing the Results of Air Velocity, Vs Against Time
Source: Author

CONCLUSION

The bioclimatic analysis shows that the Kutai houses studied are thermally 
comfortable during daytime despite the use of zinc roof. Kutai house using 
timber wall (RTSB) is more comfortable than Kutai house using bamboo 
weave wall (RKR). Most of the data are within the comfort zone for naturally 
ventilated buildings. The maximum TA recorded in both Kutai houses are 
below Givoni’s upper limit for air temperature. Olgyay’s bioclimatic chart 
indicates that air speed of 0.4m/s is required to offset the effect of high air 
temperature and relative humidity. The air velocity results are unexpectedly 
low despite the number of windows and ventilation holes provided. It is 
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recommended that future measurements will include outdoor and indoor 
wind speed data for comparison. The main factors affecting the indoor 
thermal comfort conditions is the overall heat transfer coefficient of the 
building enclosures. The low U-value of nipah palm roof originally used 
in Kutai houses suggests that nipah palm would have lowered the indoor 
air temperatures and provide better thermal comfort condition. Nipah 
palm U-value (0.4W/m2K) should be set as benchmark for roof’s U-value 
in Malaysia. Metal (zinc) and onduline roof have higher U-values than 
nipah. Adding insulation of at least 0.039W/mK and 0.1m thick to the roof 
components will lower the zinc and onduline roof’s U-value close to U-value 
of nipah roof. U-value of wall of RKR was found to be higher than RTSB 
due to the thinness of bamboo weave wall and its higher conductivity than 
timber, which resulted in higher air temperature swing recorded in RKR. 
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ABSTRACT

The resilience infrastructure systems can be described as capable of 
resisting,	absorbing	and	recovering	from	flood	effects	in	a	timely	and	efficient	
manner. The resilience infrastructure systems can be achieved through the 
implementation of resilience criteria (i.e. robustness; resourcefulness; 
rapidity; and redundancy). The objective of this paper is to determine the 
most important resilience criteria to strengthen infrastructure systems in 
flood-prone	areas	 in	Kelantan.	A	 cross-sectional	 survey	was	 conducted	
among	communities	in	flood-prone	areas	in	Kelantan.	A	total	of	23	criteria	
were analysed subjected to descriptive analysis. The results of the analysis 
showed that robustness is the most important criteria.
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INTRODUCTION

Malaysia, a nation outside the Pacific Rim of Fire, is relatively free from 
significant devastation of natural disasters such as earthquake, volcano 
eruption and typhoon (Baharuddin et al., 2015). However, Malaysia is 
vulnerable to natural disasters such as floods, landslides, storms and severe 
haze. Besides, floods have become Malaysia's biggest threat that caused 
severe disruption to livelihood and annual economic losses (Akasah & 
Doraisamy, 2015). Malaysia usually face two kinds of flooding; monsoon 
flooding and flash flooding. Monsoon flood is typically caused by the heavy 
rainfall of the Northeast Monsoon  which occurs between November and 
March. Additionally, monsoon floods periodically occurred on the east 
coast of the Malaysian Peninsula, northern Sabah and southern Sarawak 
(Hassan, Ab. Ghani, & Abdullah, 2006). To make matters worse, rapid 
growth, unplanned urbanization, global climate change and environmental 
degradation have increased flood frequency and intensity. Furthermore, 
the report by the Department of Irrigation and Drainage Malaysia (2016) 
found that about 29,000 square kilometres or 9 per cent of the total land of 
Malaysia and more than 4.8 million people are affected by flood every year.

Flood leads to harmful effects involving death, injury, loss of 
livelihood, destruction of infrastructure, economic disruption and damage 
to the environment. According to Mohd, Daud, & Alias (2006), this adverse 
condition may result in average annual flood damage of RM100 million 
and may increase in the future. In addition, Reliefweb (2016) reported the 
2014 year-end monsoon flood as Malaysia's worst-ever event, impacting 
over half a million people in several states. The most severely affected 
state was Kelantan which affected more than 200,000 victims and caused 
damage to thousands of homes. Moreover, the damage to infrastructure 
systems alone was estimated to be USD670 million. The damaged 
infrastructure systems include electricity supply, water supply, sewage 
system, road and railway networks, telephone and critical facilities (i.e. 
hospitals and shelters). Regarding this matter, research findings by Said, 
Gapor, Samian, & Abd Malik (2013) found that damaged and insufficient 
flood-impacted infrastructure systems have severely disrupted livelihoods 
in the affected areas. The findings were aligned with Opdyke, Javernick-
Will, & Koschmann (2017) where infrastructure systems not only represent 
significant financial investments but also provide vital community service. 
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Any disruption to infrastructure systems can have devastating effects on 
the communities. 

Therefore, it is important to ensure the functionality of infrastructure 
systems during flood disaster events to simultaneously minimise the impact 
of disruption upon communities’ well-being in flood-prone areas (Cutts, 
Wang, & Yu, 2015; Reiner & McElvaney, 2017). The significance of 
functionality of infrastructure systems for community in flood-prone areas is 
aligned with the expected outcome of Sendai Framework for Disaster Risk 
Reduction 2015 – 2030 (UNISDR, 2015) which aims to reduce disaster risk 
and losses in lives, livelihoods and health as well as the economic, physical, 
social, cultural and environmental assets of communities. The functionality 
of infrastructure systems for the community can be achieved through 
enhancing the resilience of infrastructure systems. According to UNISDR 
(2017), resilience is defined as “the ability of a system, community or society 
exposed to hazards to resist, absorb, accommodate, adapt to, transform and 
recover from the effects of a hazard in a timely and efficient manner”. To 
resist, absorb, accommodate, adapt to, transform and recover from the effects 
of flood in a timely and efficient manner, thus it is important to strengthen 
the resilience of infrastructure systems. Nonetheless, it is necessary to 
fulfill those requirements to create resilient infrastructure systems. Hence, 
the objective of this paper is to determine the most important resilience 
criteria to enhance the existing infrastructure systems in flood-prone areas 
specifically in Kelantan.

RESILIENCE CRITERIA

Based on the previous statement in Section 1, certain criteria are required 
to be fulfilled that will lead to resilient infrastructure systems. Through 
the analysis of previous studies, the authors have discovered the resilience 
criteria and sub-criteria to enhance the resilience of infrastructure systems. 
The resilience criteria in this paper identified from a group of researchers at 
MCEER (Multidisciplinary Centre of Earthquake Engineering to Extreme 
Events) which identified four (4) main criteria (Cimellaro, Reinhorn, & 
Bruneau, 2010). These criteria are robustness, resourcefulness, rapidity 
and redundancy (Bruneau et al., 2004). For this research; robustness, 
resourcefulness, rapidity and redundancy can be defined as shown in Table 
1 below: 
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Table 1: Definitions of Resilience for Infrastructure Systems

Resilience criteria Definition
Robustness the ability of infrastructure systems to withstand 

disaster forces without significant degradation or loss of 
performance

Resourcefulness the ability to identify problems, establish priorities and 
mobilise resources when existing conditions threaten to 
disrupt the infrastructure systems

Rapidity the capacity to meet priorities and achieve goals 
promptly to contain losses and avoid future 
infrastructure systems disruption

Redundancy the extent of infrastructure systems that are 
substitutable and capable of satisfying the functional 
requirement in the event of disruption, degradation or 
loss of functionality

Source: Author

Meanwhile, the sub-criteria to enhance infrastructure systems in this 
paper discovered through literature reviewed which covered several topics 
include: resilience for floods, resilience for seismic activities, resilience 
for tsunamis and drought from various countries. However,  Kafle (2012) 
in his study argued that resilience criteria should be both location and 
disaster specific due to diversities of the disaster itself, communities and 
culture of each country.  His argument was in line with Norris et al. (2008), 
Ostadtaghizadeh et al. (2015), Renschler, Frazier, Arendt, Cimellaro, et 
al. (2010), Shaw & Sharma (201) and Sherrieb, Norris, & Galea (2010) 
where the variables of framework may vary regarding the types of disaster 
(i.e. flood resilience strategies may differ from those required for drought 
hazards), locations (i.e. disaster risk reduction program in certain countries 
may differ, yet both face comparable levels of flood) and culture (i.e. level 
of economic, social, physical, institutional and natural). Based on the 
statement above, the authors seek to determine the most important resilience 
criteria to enhance infrastructure systems in flood-prone areas specifically in 
Kelantan. A summary of the resilience criteria and sub-criteria to strengthen 
infrastructure systems from various researches can be found in Table 2.
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Table 2: Resilience Criteria to Strengthen Infrastructure Systems

Resilience criteria Sub-criteria References

Robustness Corrective maintenance (Giovinazzi, Hart, Cavalieri, & Kongar, 
2014; Keating et al., 2014; Labaka, 
Hernantes, & Sarriegi, 2016; Mattsson & 
Jenelius, 2015)

Preventive maintenance (Dick, Russell, Souley Dosso, 
Kwamena, & Green, 2019; Giovinazzi et 
al., 2014; Keating et al., 2014; Labaka et 
al., 2016; Mattsson & Jenelius, 2015)

Safe design (Giovinazzi et al., 2014; Labaka et al., 
2016; Panteli & Mancarella, 2015)

Material upgrade (Giovinazzi et al., 2014; Mattsson & 
Jenelius, 2015; Panteli & Mancarella, 
2015; Winderl, 2014)

Newer structures (Giovinazzi et al., 2014; Mattsson & 
Jenelius, 2015; Panteli & Mancarella, 
2015; Winderl, 2014)

Resourcefulness Information to reduce 
flood damage

(Atreya & Kunreuther, 2016; Bruneau et 
al., 2004; Keating et al., 2014; Labaka 
et al., 2016; Mattsson & Jenelius, 2015; 
Oravec, 2014; Sajoudi, Wilkinson, 
Costello, & Sapeciay, 2007; Tierney, 
2008; Winderl, 2014)

Training (Atreya & Kunreuther, 2016; Bruneau et 
al., 2004; Keating et al., 2014; Labaka 
et al., 2016; Mattsson & Jenelius, 2015; 
Oravec, 2014; Sajoudi et al., 2007; 
Tierney, 2008; Winderl, 2014)

Availability of material (Atreya & Kunreuther, 2016; Bruneau et 
al., 2004; Keating et al., 2014; Labaka et 
al., 2016; Oravec, 2014; Tierney, 2008; 
Tierney & Bruneau, 2007; Winderl, 
2014)

Availability of equipment (Atreya & Kunreuther, 2016; Bruneau et 
al., 2004; Keating et al., 2014; Labaka et 
al., 2016; Oravec, 2014; Tierney, 2008; 
Tierney & Bruneau, 2007; Winderl, 
2014)

Availability of financial aid (Bruneau et al., 2004; Keating et al., 
2014; Labaka et al., 2016; Oravec, 
2014; Tierney, 2008)

Availability of manpower (Bruneau et al., 2004; Keating et al., 
2014; Oravec, 2014; Reliefweb, 2016; 
Tierney & Bruneau, 2007)
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Rapidity Mobilization of material (Bruneau et al., 2004; Keating et al., 
2014; Simonovic & Peck, 2013; Tierney, 
2008)

Mobilization of equipment (Bruneau et al., 2004; Keating et al., 
2014; Simonovic & Peck, 2013; Tierney, 
2008)

Mobilization of financial 
aid

(Bruneau et al., 2004; Keating et al., 
2014; Simonovic & Peck, 2013; Tierney, 
2008)(Asharose, 2016)

Mobilization of manpower (Bruneau et al., 2004; Keating et al., 
2014; Simonovic & Peck, 2013; Tierney, 
2008)

Restoration (Amico & Currà, 2014; Bruneau et 
al., 2004; Mattsson & Jenelius, 2015; 
Winderl, 2014)

Reconstruction (Bruneau et al., 2004; Hosseini & 
Izadkhah, 2008; Rose & Krausmann, 
2013; Winderl, 2014)

Redundancy Duplication of systems (Bruneau et al., 2004; Hecht, Biehl, 
Barnett, & Neff, 2019; Nowell, Bodkin, 
& Bayoumi, 2017; Oravec, 2014; 
Simonovic & Peck, 2013; Tierney, 2008; 
Xu, Chen, Jansuwan, Heaslip, & Yang, 
2015)

Alternative systems (Amico & Currà, 2014; Atreya & 
Kunreuther, 2016; Bruneau et al., 
2004; Keating et al., 2014; Mattsson 
& Jenelius, 2015; Nowell et al., 2017; 
Oravec, 2014; Panteli & Mancarella, 
2015; Sajoudi et al., 2007; Simonovic 
& Peck, 2013; Tierney, 2008; Tierney 
& Bruneau, 2007; Winderl, 2014; Xu et 
al., 2015)

Capacity of systems (Brown, Seville, & Vargo, 2017; Bruneau 
et al., 2004; Keating et al., 2014; Panteli 
& Mancarella, 2015; Winderl, 2014; Xu 
et al., 2015; Zhong, 2014)

Stability of systems (Auer, Kleis, Schultz, Kurths, & 
Hellmann, 2016; Johnsen & Veen, 2013; 
Sage, Sircar, Dainty, Fussey, & Goodier, 
2015; Samsuddin, Takim, Nawawi, & 
Syed Alwee, 2018)

Risk of complete failure 
of systems

(Inaoka, Takeya, & Akiyama, 2019; 
Pickering, Dunn, & Wilkinson, 2017; 
Samsuddin et al., 2018; Serre & 
Heinzlef, 2018)
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Failure of redundant 
systems

(Murdock, de Bruijn, & Gersonius, 2018; 
Pickering et al., 2017; Samsuddin et al., 
2018; Serre & Heinzlef, 2018)

METHODOLOGY

The questionnaire survey method was utilised for this research and was 
based on resilience criteria (i.e. robustness, resourcefulness, rapidity and 
redundancy) as discussed in Section 2. Consequently, the 5-point Likert-
scale (i.e. ranging from 1 "strongly disagree" to 5 "strongly agree") was 
adapted to measure the extent of the importance of the resilience criteria. 
Moreover, respondents were asked to indicate the level of agreement on 
the importance of those factors and criteria. For this research, purposive 
sampling was used based on the respondents’ experience towards floods 
disaster events. However, the selection was mainly focused on the 
community in flood-prone areas in Kelantan. Based on the study by Pour & 
Hashim (2016) and Syed Hussain & Ismail (2013), the flood-prone areas in 
Kelantan involved several districts such as Kota Bharu, Pasir Mas, Tumpat, 
Tanah Merah, Machang, Kuala Krai, Jeli and Gua Musang. All of these 
districts straddle several main rivers including Sungai Kelantan, Sungai 
Lebir, Sungai Galas and Sungai Pergau. Hence, the survey was distributed 
to the abovementioned districts which were recognized as flood-prone areas 
in Kelantan. Additionally according to Mercy (2016), in terms of disaster, 
the community can be categorized into four (4) main groups: government, 
private sectors, learning institutions and communities. 

Thus, the survey was distributed to these districts among the four 
most important target groups. A total of 100 questionnaires were distributed 
among the community in flood-prone areas in Kelantan over a month (15th 
May 2018 – 14th June 2018). Out of this, only 31 questionnaires were 
completed which indicated a response rate of 31 per cent. The low response 
rate was due to the on-going data collection process , particularly for PhD 
main data collection.  Out of 31 respondents, most of them live in Kota Bharu 
(n=18), Machang (n=4), Jeli (n=4), Tanah Merah (n=3), Kuala Krai (n=1) 
and Tumpat (n=1). Meanwhile for the composition of community it consists 
of government (i.e. federal, state, district agencies, emergency services, 
critical facilities services) (n=12), private sectors (i.e. private companies, 
non-governmental organizations, non-profit organizations, media) (n=5), 
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learning institutions (i.e. universities, research centres, schools) (n=7) and 
communities (i.e. head of communities, elderly, villagers, youth) (n=7). 
Then, the outcome of the questionnaires were analysed by using the IBM 
SPSS Statistics Version 22 for descriptive analysis. 

RESULTS AND DISCUSSIONS

Table 3 represents the descriptive analysis of resilience criteria while Table 
4 represents the descriptive analysis of resilience sub-criteria to enhance the 
resilience of infrastructure systems for the community in flood-prone areas 
in Kelantan. In this section, the analysis deals with the ranking of resilience 
criteria based on their mean values to determine the level of importance 
for each criterion.  

Based on Table 3, the results revealed that ‘robustness’ is the 
most important resilience criteria where the overall mean is 3.4516. By 
implementing corrective (mean=3.5161) and preventive maintenance 
(mean=3.4516), safe design (mean=3.4516), upgrading the construction 
material (mean=3.452) and building new structures (mean=3.3871), the 
infrastructure systems would be more robust simultaneously enhancing its 
resilience towards flood. This is in-line with Christodoulou, Fragiadakis, 
Agathokleous, & Xanthos (2018) where robustness can be seen as a 
major criterion in resilience. Robustness refers to the strength or ability of 
infrastructure systems itself to withstand a given level of stress or demand 
without suffering degradation or loss of function (Bruneau et al., 2004). 
Nevertheless, as shown in Table 3, the importance of other resilience criteria 
(i.e. rapidity, resourcefulness and redundancy) towards the resilience of 
infrastructure systems cannot be taken for granted. The overall mean values 
of 'rapidity', 'resourcefulness' and 'redundancy' do not differ much from 
'robustness' significantly indicating the importance of those criteria for 
resilience infrastructure systems for the community in flood-prone areas 
in Kelantan.
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Table 3: Resilience Criteria

Resilience 
criteria

Resilience 
sub-criteria

N Mean Overall 
mean 

Rank

Robustness Corrective 
maintenance

31 3.5161

Preventive 
maintenance

31 3.4516 3.4516 1

Safe design 31 3.4516

Material 
upgrade

31 3.452

Newer 
structures

31 3.3871

Rapidity Mobilization of 
material

31 3.4839 3.4032 2

Mobilization of 
equipment

31 3.4516

Mobilization of 
financial aid

31 3.3871

Mobilization of 
manpower

31 3.3871

Restoration 31 3.3226

Reconstruction 31 3.3871

Resourceful-
ness

Information to 
reduce flood 
damage

31 3.3548 3.3925 3

Training 31 3.1935

Availability of 
material

31 3.3548

Availability of 
equipment

31 3.3871

Availability of 
financial aid

31 3.5161

Availability of 
manpower

31 3.5484
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Redundancy Duplication of 
systems

31 3.2581 3.2473 4

Alternative 
systems

31 3.2903

Capacity of 
systems

31 3.3226

Stability of 
systems

31 3.3226

Risk of 
complete 
failure of 
systems

31 3.1935

Failure of 
redundant 
systems

31 3.0968

Valid N 
(listwise)

31

1= strongly disagree 2= disagree 3= fairly agree 4= agree 5= strongly agree
Source: Author

Meanwhile, as shown in Table 4, the results revealed that 23 sub-
criteria are rated as ‘fairly agree’ by the respondents where ‘availability 
of manpower’ is ranked first (mean=3.5484). Availability of manpower 
indicates the ability to supply human resources in the disaster recovery 
phase promptly to address physical components disruption (Bruneau et al., 
2004; Keating et al., 2014). Furthermore, Keating et al. (2014) and Oravec 
(2014) stated that the ability to supply human resources is essential to 
enable restoration and reconstruction of damaged infrastructure systems in 
a shorter period. The mobilisation of human resources can be done through 
competency, preparedness and engagement of communities in flood-prone 
areas along with the government and their public entities. Although the 
‘availability of manpower’ sub-criteria has the highest mean score, the other 
sub-criteria should not be taken lightly. All the 23 resilience sub-criteria 
which show a mean score above 3 indicates that they are also important to 
ensure the resilience of infrastructure systems for the community in flood-
prone areas in Kelantan.
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Table 4: Resilience Sub-Criteria

Resilience criteria N Mean Std. Deviation Rank

Availability of manpower 31 3.5484 .92516 1

Availability of financial aid 31 3.5161 .96163 2

Corrective maintenance 31 3.5161 .92632 3

Mobilization of material 31 3.4839 .88961 4

Preventive maintenance 31 3.4516 .92516 5

Material upgrade 31 3.452 .8500 6

Mobilization of equipment 31 3.4516 .85005 7

Safe design 31 3.4516 .99461 8

Mobilization of financial aid 31 3.3871 .91933 9

Availability of equipment 31 3.3871 .80322 10

Reconstruction 31 3.3871 .91933 11

Mobilization of manpower 31 3.3871 .84370 12

Newer structures 31 3.3871 .88232 13

Availability of material 31 3.3548 .87744 14

Information to reduce flood 
damage

31 3.3548 .95038 15

Stability of systems 31 3.3226 .94471 16

Capacity of systems 31 3.3226 .87129 17

Restoration 31 3.3226 .87129 18

Alternative systems 31 3.2903 .86385 19

Duplication of systems 31 3.2581 1.03175 20

Risk of complete failure of 
systems

31 3.1935 .94585 21

Training 31 3.1935 .94585 22

Failure of redundant 
systems

31 3.0968 .70023 23

Valid N (listwise) 31

1= strongly disagree 2= disagree 3= fairly agree 4= agree 5= strongly agree
Source: Author

CONCLUSION

Kelantan has been susceptible to flood in recent years. The flood caused 
the destruction of infrastructure systems and has been negatively impacting 
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the community. Nonetheless, this adverse impact can be greatly reduced 
by enhancing the resilience of infrastructure systems. Enhancing the 
resilience of infrastructure systems is crucial, given the expected increase 
in the frequency and intensity of flood in the future. Moreover, it can be 
achieved by focusing on the robustness of the infrastructure systems. It 
is believed that well-conducted corrective and preventive maintenance, 
implementation and enforcement of safe design, effective upgrading of 
material for infrastructure systems and satisfactory construction of new 
infrastructure systems including the availability of manpower to restore 
and reconstruct damaged infrastructure systems can ensure the resilience 
of infrastructure systems during flood disaster events.

Moreover, the authors believed this paper provided an outcome which 
is: the importance of resilience criteria in enhancing infrastructure systems 
in flood-prone areas, particularly in Kelantan. The results revealed that 
23 resilience criteria were rated ‘fairly agree’ by the respondents where 
‘availability of manpower’ ranked first. However, based on four (4) main 
resilience criteria: robustness, resourcefulness, rapidity and redundancy, 
‘robustness’ is the most important criteria to be applied to achieve greater 
resilience.

Eventhough the number of respondents (n=31) is low, the results 
should not be discredited. The findings described in this paper is a part of an 
on-going PhD research study which aimed primarily to develop a framework 
of resilient infrastructure systems for the community in flood-prone areas 
in Kelantan. Furthermore, the authors recommend that this study be used 
as a platform for other researchers to delve into this field and find a way 
to enhance the resilience of infrastructure systems towards flood in other 
flood-prone areas.
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