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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.	
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INTRODUCTION

Background

Penang is listed in the UNESCO World Heritage Site (WHS) since 2008. 
The heritage buildings are being protected under the National Heritage 
Act 2005. Any form of conservation works must obtain approval from 
the Penang local authority. This is to maintain the Outstanding Universal 
Values (OUVs) as the World Heritage Site status. Majority of the heritage 
buildings in Penang have been adaptively reused in order to keep it occupied 
and to accommodate the current lifestyle. This continuous adaptive reuse 
practice has evolved and conditioned the indoor space to be an unhealthy 
environment, especially for a co-working space. 

Malaysian occupants work an average of 15 hours a day, which 
exceeded their contracted hours, and has surpassed Singapore, Hong 
Kong and Australia (Fong, 2017). Studies indicated that majority of the 
occupants were unhappy with the current working culture where they are 
required to work extended hours and cope with large workloads while 
simultaneously meeting production targets and deadlines (Konz & Rys, 
2002; Townley, 2000). Occupants’ psychology in the workspace today is 
worse than what was experienced by the past generation (Minter, 1999). 
When an individual feels stress, his/her psychological, and behavioural will 
be detracted (Beehr & Newman, 1978; Sutton & Rafaeli, 1987). A newly-
released workspace survey conducted by AIA Vitality found that 53% of 
Malaysian employees are overworked, stressed, negatively emotional, and 
lead to less concentration and productivity, high level of depression, anxiety, 
absenteeism, presenteeism, and violence (AIA Vitality, 2017). 

Besides, physical work environment has highlighted a concern to 
promote a healthy workspace to enhance occupants’ well-being in term of 
psychology. Occupant’s well-being is an essential element to determine a 
successful business and country economics. When workers are stressed, 
they will face a high level of anxiety, depression, presenteeism, and 
absenteeism. These negative impacts will cause occupants to become less 
productive, improper behaviour, become violence, and suicide possibility 
is likely to become higher. A worker’s psychology is an indication of his/
her environment (Piko, 2006). 
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To enhance human well-being, nature is the key. Over the millennia, 
human beings start to evolve and connect with nature. Human has a genetic 
predisposition for responding to nature positively (Appleton, 1975; Kaplan, 
1988; Orians & Heerwagen, 1992; Ulrich et al., 1991). Empirical studies 
proved nature brings positive impacts on occupants' well-being. There 
are a growing number of research groups using experimental or quasi-
experimental research designs to test the effect of nature on occupants in 
many factors such as  productivity, stress, and discomfort symptoms, mood, 
emotions, job satisfaction and attitude toward indoor workplace (Adachi, 
Rohde, & Kendle, 2000; Bringslimark, Hartig, & Patil, 2007; Chang & Chen, 
2005; Lohr, Pearsons-Mims, & Goodwin, 1996; Shibata & Suzuki, 2004). 
Therefore, in order to enhance occupants’ well-being in an adaptive reuse 
of heritage indoor co-working space, the relationship between occupants, 
nature is an essential aspect to be re-established. This can be established 
using biophilic design. Biophilic design is the term used to translate an 
understanding of the inherent human affinity into the design of modern 
built environment (Kellert, 2008).

Aim of the study 

The aim of this study is to create a biophilic design guideline to 
enhance occupants’ well-being in an adaptive reuse of heritage indoor co-
working space.

Objectives of the study 

The objective of this study is to examine and analyse biophilic design 
patterns in heritage indoor co-working space.

LITERATURE REVIEW

Adaptive Reuse Heritage Building 

Heritage buildings are the legacy left from the past and they also 
represent the cultural history and need to be conserved for the next 
generation (UNESCO, 1972). As stated in Malaysia National Heritage 
Act 2005, buildings that are 50 years old and above are categorised as 
heritage buildings. Those buildings are to be preserved, protected, and 
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enhanced. One of the conservation methods that promotes sustainability 
is by implementing adaptive reuse heritage buildings. Adaptive reuse can 
be defined as modifying a place to suit the existing use and compatible in 
uses, which involves no change to the culturally significant fabric, changes 
which are significantly reversible, or changes with minimal impact (Charter, 
2013). Adaptive reuse heritage building saves energy and resources, reduces 
new construction, and retains the identity of the local communities (Rashid 
& Abdullah, 2015)

Rapid urbanisation of the town area and lack of greenery have caused 
air pollution and escalated the Urban Heat Island (UHI) level especially 
in Penang Island, Malaysia. This indirectly caused most of the heritage 
buildings to be enclosed for air-conditioner usage. Human spends more 
than 90% times in indoor space. The indoor environment is an essential 
determinant of human well-being. However, the study on human well-being 
in adaptive reuse heritage indoor space is sparse. 

Co-working Space

A report shows that co-working spaces are mushrooming in Asia 
and currently take up 1% to 5% of total office stock and are foreseen to 
increase between 20% to 30% by 2030 (Bouncken, Clauß, & Reuschl, 
2016; Kay, 2016). Co-working spaces particularly have risen and increased 
in Asian countries because of the culture such as collectivism, high-
context communication, and institutional contexts in Asia. They are given 
an environment for resources sharing (working desks, printer, meeting 
rooms, pantry, and Wi-Fi connection) and community (daily routine, 
social environment and sense of community). Therefore, the indoor built 
environment is an important element to be considered to enhance the co-
workers’ well-being and satisfaction.

Biophilic Design

Nature is not only important for physical but also bring positive 
impacts on human well-being through passive interaction with nature. 
One of the most investigated aspects is human productivity and supports 
recovery from mental fatigue (Bringslimark et al., 2007; Larsen, Adams, 
Deal, Kweon, & Tyler, 1998; Lohr et al., 1996; Shibata & Suzuki, 2001, 
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2002, 2004). In addition, some studies have investigated that nature is 
able to reduce stress and discomfort symptoms and improve human mood 
and emotions (Bringslimark et al., 2007; Lohr et al., 1996; Adachi et al., 
2000; Chang & Chen, 2005). Patients in a hospital with plants showed 
significant impact of well-being resulted in shorter hospitalisation periods, 
fewer intakes of analgesics, lower ratings of pain, anxiety, and fatigue, 
more positive feelings and higher satisfaction of their rooms in the hospital. 

Biophilia is defined as “the innate tendency to focus on life and lifelike 
processes” (Wilson, 1984). Kellert  (2008) hypothesised nourishment of this 
innate human connection with nature is important for modern urban human 
well-being. Biophilic design is to re-establish the relationship between 
innate human with nature in a built environment. Biophilic design can be 
studied by using biophilic design patterns. It has evolved from Kellert and 
originally was with 70 biophilic design attributes the then merged into 14 
biophilic design patterns by Browning and his colleagues (Browning, Ryan, 
& Clancy, 2014a). The 14 biophilic design patterns were divided into 3 
categories as shown in Table 1.

Table 1: 14 Biophilic Design Patterns
Categories Biophilic Design Patterns

Nature in the Space

P1. Visual Connection with Nseature 
P2. Non-Visual Connection with Nature
P3. Non-Rhythmic Sensory Stimuli

P4. Thermal and Airflow Variability
P5. Presence of Water 
P6. Dynamic & Diffuse Light
P7. Connection with Natural System

Natural Analogs
P8. Biomorphic Forms and Patterns
P9. Material Connection with Nature
P10. Complexity and Order

Nature of the Space

P11. Prospect
P12. Refuge
P13. Mystery
P14. Risk/Peril

(Source: Browning et al., 2014)
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Based on the information in Table 1, nature in the Space defines the 
application of natural elements into the designed indoor space to create a 
biophilic environment. Natural Analogues indicate a designed feature that 
is related to nature aspects such as ornamentation, use of natural materials, 
and biomorphic forms. Natural imagery indicates symbolic value – for 
example, water element that represents wealth in Chinese belief. Nature of 
the Space indicates exploring human response to various spatial patterns 
of the built environment space. However, previous research studies only 
concentrated on one element pattern. 

METHODOLOGY

Site Parameter

George Town in Penang, Malaysia was selected as the site parameter 
based on the report from UNESCO site where it faces more negative impacts 
due to rapid urbanisation compared to other UNESCO sites on the mainland. 
George Town is divided into two zones, which are the core zone and buffer 
zone. George Town core zone (109.38 ha.) was selected for this case study 
because the heritage architecture in the core zone is well-kept if compared 
to the buffer zone. Core zone is divided into eight different zones (Figure 1); 
Financial Zone, Waterfront Zone, Special Zone, Open Space/Green Zone, 
Jetty Zone, and Trade Zone, Institution Zone, and Place of Worship. The 
financial zone has the most indoor workplaces such as banks, co-working 
space, law firms, finances firms, and government office whereas occupants 
have the highest level of stress and negative emotions. However, due to 
private and confidential issue, special zone is selected as the site because 
most of the category I buildings are in this zone and are well-kept with the 
highest tourist concentration area. In addition, co-working space selected 
has to be an adaptive reuse heritage building. 
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Figure 1: Heritage Zone Plan
(Source: GWTHI, 2013)

Based on the information in Table 1, nature in the Space defines the 
application of natural elements into the designed indoor space to create a 
biophilic environment. Natural Analogues indicate a designed feature that 
is related to nature aspects such as ornamentation, use of natural materials, 
and biomorphic forms. Natural imagery indicates symbolic value – for 
example, water element that represents wealth in Chinese belief. Nature of 
the Space indicates exploring human response to various spatial patterns 
of the built environment space. However, previous research studies only 
concentrated on one element pattern. 

Sampling Selection

The selective co-working space was based on 3 criterias: 1) It has to 
be a cross-disciplinary unit with different careers; 2) The occupants must 
work at least 8 hours per day; 3) The workspace is an adaptive reuse heritage 
commercial building.

Data Collection

This study was conducted in two phases. Firstly, it involved site 
observation and documentation. The existing architectural of the heritage 
building and interior layout of the co-workers’ space were observed by 
taking photos and illustrated by using AutoCAD. In order to observe 
the relationship between occupants with biophilic design patterns, the 
observation was conducted during working hours. The second phase was the 
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questionnaire with projection technique. The questionnaire was conducted 
on selected occupants who worked for a minimum of 8 hours per day. A 
projection technique was used by editing a selected site photo which was 
taken from the existing site, by using Adobe Photoshop software to add in 
biophilic design patterns. This questionnaire is categorised into two parts; 
in the first part, socio‐demographic data, including age, number of children, 
marital status, monthly income, educational level, and years of work 
experience. The second part of the questionnaire is ZIPERS (Zuckerman, 
1977) measuring the emotional states. ZIPERS consists of 12 items and using 
5-point scales (1 = Not at all; 2 = Slightly; 3 = Somewhat; 4 = Definitely; 
5 = Very much). Questionnaire and edited site photo were given to the 
selected occupants to fill in.

Analysing Tools

In Phase two, Zuckerman Inventory of Personal Reactions (ZIPERS) 
questionnaire data were analysed using the Statistical Package for the 
Social Sciences (SPSS). Methodology triangulation method was used to 
analyse Phase one and Phase two data collection in order to validate and to 
determine the credibility of the overall data and research by cross verifying 
the information from multiple methods of data gathering. 

FINDINGS

Phase 1 (Observation & Documentation)

Yeap Chor Ee heritage building was built in 1922, was designed by 
Messrs Stark & McNeil and owned by Mr. Yeap Chow Ee, along China Street 
Ghaut in World Heritage Site (WHS) core zone in George Town, Penang. 
The building has served different functions – from warehouses to various 
of banks (Yeap, n.d.) and today it is adaptively reused as various types of 
commercial spaces which are café (Ground Floor), Penang Science Cluster 
Centre (Ground Floor), and co-working space (Second Floor).  Co-working 
space is being selected because it fulfils the site parameter and sampling 
selection criteria.
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Figure 2: Yeap Chor Ee Building Elevation 
(Source: Landart Design Sdn Bhd)

The architecture style is the Art Deco Style (1930s to early 1960s), 
although Yeap Chor Ee heritage building was built in 1922. It could be 
proven by the identical art deco style elements such as reinforced concrete 
structure – beams and columns, clean surfaces, geometric, linear and 
modern in expression. Its white plain surfaces were highlighted with 
parallel and bold vertical or horizontal lines and it created sunburst motif 
on surrounding entrance and windows. There were ‘leaf' decoration motifs 
representing acanthus leaf underneath the first-floor balcony. Acanthus 
leaf motif can be found in ancient Greek architecture and identified in the 
capitals of Corinthian orders. The façade of the architectural biomorphic 
was of the natural forms that have achieved the biophilic design pattern 
(P8). Natural biomorphic forms created the aesthetic experience and it 
perceived a strong influence of culture on the way humans see the natural 
environment (Appleton, 1990). Co-workers of the building could understand 
the culture and historical of the building indirectly by passive interaction 
with the building.

   (a)   (b)

In addition, the existing large windows and doors served as security 
and natural ventilation purposes when it was a warehouse. Today, it 
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provides sufficient daylighting (P6) into the main atrium staircase, corridor 
and indoor co-working space. Therefore, the main atrium staircase and 
corridor’s artificial lights are switched off during the day, to save energy and 
becoming more energy sustainable. On the other hand, passive interaction 
with natural daylighting can significantly enhance human well-being. 
According to Kandel et al., (2013), the human body responds to natural 
lighting transitional colours. Blue light produces serotonin; whereas, the 
absence of blue light (at night), produces melatonin. The balance of serotonin 
and melatonin affect human mood, alertness, depression and other health 
conditions. In the co-working space, there is a combination of artificial 
light and daylight. Based on the site observation during working hours, 
the working desks nearby the windows were the most preferable spot for 
co-workers even though the excessive daylighting through the windows 
were being block off partially. The second reason was because of biophilic 
design pattern, Refuge (P12) experience, which achieved partial refuge 
characteristic with a minimum one side of our surrounding was covered. 
This can evoke the feeling of protection, private and improved concentration 
and attention (Browning, Ryan, & Clancy, 2014).

   (c)

In addition, large windows, doors, and open floor plan of the co-
working space without any height divider in between workstation created 
the biophilic design pattern (P11). Co-workers were able to view the overall 
space, and feel spacious. The large windows that were surrounding the co-
workers’ space were closed and the door access was controlled with the card 
system. These allowed the co-workers to feel safe and secure when working 
in the space. These statements were supported by Browning, Ryan, and 
Clancy (2014): ‘A strong experience of biophilic design pattern ‘Prospect’ 
can be achieved with open and freeing condition, and yet related to sense of 
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safety and control especially in unfamiliar environment’. Prospect-refuge 
theory can significantly influence human emotional response in a space by 
allowing that person to see, but without being seen (Appleton, 1975). For 
instance, Kaplan and Kaplan (1983) mentioned that an enclosed space will 
stimulate a feeling of relaxation and safety, while having a view from that 
space can add levels of excitement.

The main atrium staircase and corridor permitted natural air ventilation 
(P4) through the opening of windows and balcony door. In the co-working 
space, the windows were closed and the air ventilation mechanism such as 
ceiling fan and air cooler stand was operating all the time. Therefore, the 
biophilic design pattern (P4) experience is weak in the co-working space 
compared to the common atrium staircase and corridor.

  (d)  (e)      (f)

The interior of the co-workers’ space used timber flooring and exposed 
timber roof structure and roof clay tiles without any ceiling finishes. There 
was 45% of the total finishing that was covered with timber finishes. This 
data supported the study of Tsunetsugu, Miyazaki, and Sato (2007) that 
45% timber coverage of the room were the most preferred by participants. 
In addition, timber finishes acts to reduce stress levels, enhance human 
well-being, and recovery the function of the body (Kelz, Grote, & Moser, 
2011; Nyrud & Bringslimark, 2010)  Co-workers can enjoy the existing 
natural materials and understand the culture and structure of the heritage 
building while working in the workstation. This creates a sense of calm, 
sense of place and enhance co-workers’ well-being in the co-working space. 
Therefore, the biophilic design pattern (P9) experience was achieved.
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  (g)     (h)          (i)

The view throughout the windows has a beautiful and green scenery 
of sea, trees and surrounded by other heritage buildings. However, certain 
windows that were facing other heritage buildings that were painted white 
became very glary towards the co-workers. Some co-workers sat further 
from the existing windows and some co-workers used white board to 
cover the window partially as shown above site picture (c). In addition, 
the window’s lowest point is higher than the co-workers’ eye level while 
sitting down (Picture (j)). Hence, biophilic design pattern (P1) existed in 
the co-workers’ space, but co-workers cannot enjoy the scenery except the 
sky view through the window.

      (j)

Phase 2 (Questionnaire and Projection Technique)

To determine the effectiveness of biophilic design the biophilic design 
pattern (P1) was used by implementing a technique of editing the existing 
selected site photo with biophilic design because 1) projection technique 
by using photo for co-workers to visualise before and after, therefore the 
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biophilic design patterns (P2, P3, P7, P10, P13, and P14) are not suitable to 
apply; 2) Biophilic design pattern (P5) is not suitable due to space limitation 
in the co-working space.  

Indoor plants included Boston Fern (Nephrolepis exaltata) and Areca 
Palm (Chrysalidocarpus lutescens) were used for editing the site photo. The 
selected indoor plants were the highest toxic gas removers of formaldehyde 
(from paint, plywood, fabric, varnishes), xylene and benzene (from paint, 
photocopy printers, and varnishes) (C., 1996). The selection of the indoor 
plants was not only for visual preference but also for enhancing indoor 
air quality. These plants were specifically chosen based on the existing 
condition. 

Table 2: Descriptive Statistic for ZIPERS

ZIPERS Questionnaire 
subscales

Indoor Co-working environment setting (Picture)
With indoor plants Control Room

M (S.D) M (S.D)
Positive Affect 2.61 (1.40) 1.35 (1.39)
Sadness 2.32 (1.78) 3.62 (2.17)
Attentiveness 2.67 (1.57) 1.51 (1.70)
Anger/Aggression 1.69 (1.31) 2.28 (1.81)
Fear Arousal 1.54 (1.56) 2.46 (1.99)

*An item’s highest mean is given in bold type

Table 2 shows ZIPERS subscales mean (M) and standard deviation 
(S.D) of both indoor co-working environment setting. The result showed 
that Positive Affect subscale and Attentiveness subscale had the highest 
mean with the appearance of indoor plants in the indoor co-working space 
compared to the existing indoor conditions which was absence of indoor 
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plants. This indicates that presence of indoor plants can decrease the value 
of negative subscales of ZIPERS. Besides that, these findings can support 
previous studies (Hartig, Korpela, Evans, & Gärling, 1997; Ulrich, 1979). 
According to Ulrich (2002), views of vegetation and garden-like features 
can increase positive feelings such as pleasant and calmness. Besides, it 
reduces negative emotional such as fear, anger, and sadness as shown in 
Table 2. Besides that, foliage plants green colour brings emotional stability 
and calmness to human as claim by Adachi et al. (2000) in their study. 
Therefore, co-workers preferred the presence of indoor plants compared 
to the existing conditions.

From both results, the total biophilic design patterns achieved 7 
patterns out of 14 patterns in Yeap Chor Ee heritage building indoor co-
working space. The seven biophilic design patterns combination promote 
a better indoor environment for co-workers to be healthier, happier, and 
able to increase focus and concentration. This research supports previous 
studies documenting the enhancement of human well-being benefits of 
passive interaction with nature (Adachi et al., 2000; Lohr, 2010; Shibata 
& Suzuki, 2001). On the other hand, the ZIPERS showed significant result 
of biophilic design pattern (P1) with indoor plants implementation into the 
co-working space. The result shows an increase in the quality of biophilic 
design experience. The co-workers' eye level view has a better biophilic 
design experience compared to the window view. The results support the  
objectives of this study.

CONCLUSIONS

In a nutshell, this study, which was done in an adaptive reuse building 
indoor co-working space, show that biophilic design patterns are significant 
in enhancing the co-workers' emotional well-being. This study also 
investigated different ways in the application of biophilic design patterns 
which would affect the quality of biophilic experiences. Additionally, 
further study is required to determine the biophilic design patterns in a 
proper and effective way for built environment in order to create a better 
biophilic experience. Furthermore, the biophilic design patterns can be 
used as guideline to design commercial adaptive reuse spaces, to increase 
workers' performance, satisfaction, and retain workers’ loyalty in using the 
same working space.
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ABSTRACT

This	 article	 articulates	 a	 framework	 suitable	 to	 use	when	making	 a	
decision	about	 student	 seating	arrangement	 in	 the	 classroom	at	 school	
level	as	a	research	aim.	The	decision	makers	should	establish	what	are	the	
potential	types	of	seating	arrangement?	Then	evaluate	them	in	terms	of	its	
contribution,	significance,	and	impact	to	the	student	learning	development.	
The	problem	of	a	 seating	arrangement	 is	 usually	 related	 to	 the	 seating	
student	position	selection	that	is	usually	decided	by	teachers	or	students	
that	can	 freely	choose	 their	own	seating.	There	are	 three	 (3)	objectives	
covered	in	this	article;	objective	1:	to	justify	the	main	factors	influencing	
classroom	seating	arrangement	at	school	building,	objective	2:	to	identify	
the	common	patterns	of	seating	arrangement	applied	for	school	level	and	
objective	3;	to	determine	the	best	practice	of	seating	arrangement	for	21st	
century	classroom	approach	at	school	building.	The	article	articulates	a	
theory	of	seating	arrangement	in	reference	to	five	(5)	common	forms	of	seat	
arrangement,	namely	Traditional	(columns	and	rows),	Cluster,	U-shaped,	
Stadium,	and	Runaway.	The	performance	of	students	might	drop	especially	
weak	students	who	are	sitting	at	the	back	of	the	classroom	if	the	students	
are	not	 judiciously	arranged.	Thus,	seating	arrangements	should	be	set	
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properly	to	ensure	optimal	quality	of	learning	in	a	classroom.	The	technique	
of	comparative	analysis	was	used	in	 this	study.	The	findings	had	shown	
that	cluster	seating	arrangement	is	relevant	with	the	21st	century	learning	
approach,	which	provides	more	availability	of	collaborative	learning,	where	
it	contributes	to	student-centred	learning	in	a	classroom.

©	2019MySE,	FSPU,	UiTM	Perak,	All	rights	reserved

Keywords:	Classroom,	Seating	Arrangement,	Student-centred	Learning,	
21st	Century	Approach

INTRODUCTION

Nowadays, in schools the number of students with challenging behaviour is 
rising. Based on the data from the National Centre for Education Statistics 
(2013), about 40% teachers in public schools reported facing students with 
challenging behaviour. The learning process of students is adversely affected 
by challenging behaviour. Behaviour, which is not compatible with good 
classroom learning, is known as disruptive or challenging behaviour. An 
example of disruptive behaviour is making noises with students tapping 
and kicking on desks or chairs. Other examples include vandalism and 
damaging school property. Disruptive behaviours interrupt the learning 
process and in the long term, it will impede academic success if it is not 
controlled (Robichaux, 2016).

Management of the classroom is correlated with student achievement 
and learning (James, 1999), (Kamisah & Lilia, 2010) and (Nurul et al., 2013). 
The process of learning is achieved by cooperative motives and cooperative 
behaviour. Cooperative motives focus on team participation whereas 
cooperative behaviour discusses the individual energies in the classroom. 
The physical quality in the classroom is an essential factor for having a 
fruitful learning process. Student achievement and behaviour will adversely 
be affected by an unsatisfactory learning process. Similarly, decreasing 
classroom quality will also affect health of the student. Illnesses such as 
discomfort, sensitive skin, and headaches may arise. Other than that, poor 
mental health is also caused by students’ discomfort and failed classroom 
management (Marlow et al., 2015). According to Denton (1992), classroom 
is really significant to develop students’ behaviour, whereas it depends on 
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seating arrangements that can lead to better classroom management at school 
level or other institutions. 

The physical elements with seating arrangement are the most significant 
aspect of a classroom environment. James (2016) stated that the environment 
of classroom is able to improve student achievement, particularly with actual 
interaction between the teacher and students, resulting in more enjoyable 
learning. A new seating paradigm should be sought against the traditional 
one. Other than that, different patterns of seating arrangement will lead to 
good interaction between students and teachers during the teaching and 
learning process (Denton, 1992).  

In the learning process, the seating arrangement pattern in the classroom 
plays a significant role. Inappropriate arrangement of seating would affect 
students’ motivation. At the same time, it can lower teacher’s efficiency 
and student achievement. Students might not be motivated to attend class 
due to inappropriate seating arrangement. However, students require some 
variation of seating arrangement that leads to high concentration, motivation, 
and participation (Hammang, 2012). 

In order to have an effective communication in the classroom, a 
judicious seating arrangement must be applied. To develop a positive 
classroom environment, a successful arrangement is the major factor of 
performance. In addition, students would be encouraged for the involvement 
in the learning process via right arrangement of furniture, chairs, and desks 
in a classroom (Laterra Wilson, 2012).

Thus, the research aim focuses on the appropriate framework for 
classroom seating arrangement at school building based on their current 
approach. Therefore, there are three (3) research objectives, objective 1; 
to justify the main factors influencing classroom seating arrangement at 
school building, objective 2; to identify the common patterns of seating 
arrangement applied for school level and objective 3; to determine the 
best practice of seating arrangement for 21st century classroom approach 
at school building. Comparative analysis technique becomes the main 
method to produce the research findings for this conceptual paper. The 
suitable selection of seating arrangement can be adapted for classroom at 
school buildings that is relevant to current learning approach as the expected 
findings in conducting this research. 
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LITERATURE REVIEW

Seating Arrangement 

The profession as a teacher focuses on academic achievement that 
requires specialized skills and knowledge to ensure effective student 
learning, where one factor associated in the improvement of student 
achievement among students, specifically in the school level, is based on 
position at which they sit or being allocated in a classroom (Ngware et al., 
2013).

It can be shown that students who sit in front or near the chalkboard 
have good performance, where the interaction between students and teacher 
is more likely effective compared to those who sit at the back (Benedict& 
Hoag, 2004). It is supported by the author who raised that seating closer to 
teacher in the classroom during the teaching and learning process may create 
more interaction, which motivates the students indirectly, then improves 
their performance and achievement (Adams & Biddle, 1970). According to 
Victor Alberto et al.(2010), the position of students in classroom is correlated 
with their academic performance, where most students who sit in the front 
position have motivation for learning. Therefore, changing students’ seating 
arrangement in the classroom should be accompanied with increasing their 
motivation, which is likely to improve school performance.

The previous literature clarified that the personality and behaviour 
of students also influence their choice of seat in a classroom either in the 
front, middle, or at the back (Weinstein, 1985) and (Grump, 1987). Seating 
at the back of the classroom has been associated with students with problem 
behaviour and attitude as well as reducing their grades (Perkins & Wieman, 
2005). Besides, previous studies have also shown that seating arrangement 
in classroom has its potential to improve student learning as teachers tend to 
direct more questions to the students sitting in the front rows compared to 
students who sit at the back of the classroom; this may improve the student 
knowledge and critical thinking during the lesson (Juhary, 2012). Therefore, 
when students are always seated at the back, it minimizes their opportunity 
to learn because there are more interactions among students compared to 
discussing topics related to study purpose (Ngware et al., 2013). 
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Factors Influencing Classroom Seating Arrangement 

Students’ success within the classroom can be influenced by their 
individual learning styles that consist of contribution of activities conducted 
in the lesson. The connection of student performance and learning styles 
depend on the physical arrangement factors that are significant with 
classroom as the main learning space for educational building such as 
schools (Minchen, 2007). The physical arrangement for most classrooms 
reveals many things about the learning process in order to have successful 
achievement for the institution and students themselves. The participation 
of students during the learning process has shown that more convenient 
classrooms are provided at the school building (Juhary, 2012).    

The main factors influencing seating arrangement specifically for 
secondary school building include capacity classroom, course conducted, 
student behaviour, student achievement, learning activities, and student 
difficulties.

Figure 1: Factors Influencing the Selection of Seating Arrangement in 
Classroom

(Source: Ramli et al, 2013, Ngware et al., 2013 and Mushtaq & Khan, 2012)

Classroom Capacity

Classroom capacity, which is also known as class size is defined 
as the number of students allocated in a classroom either in school or 
other institutions. Large capacity of classroom is one of the problems of 
developing nations and this reduces the capability of teachers to control the 
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students in a classroom. At the same time, it also affects student performance 
that usually needs conducive learning space for effective teaching and 
learning activities (Yelkpieri et al., 2012).

The factor of capacity classroom is widely known around the world, 
where suitability amount of students allocated in a classroom plays the 
main role of successful classroom management (Chingos, 2013). Therefore, 
according to Malaysia Economic Planning Unit (2015),the classroom 
capacity for secondary school buildings should be minimum 15 students per 
classroom and maximum 30 students per classroom. This clearly shows that 
the standard classroom capacity has considered the positive and negative 
impacts of its implementation. 

The relationship between the classroom capacity and student 
achievement is particularly comprehensive in order to produce quality 
students especially from the secondary level. In reference to the previous 
study, it was found that small classroom capacity has a better effect on their 
achievement compared to large classroom capacity. Classroom capacity is a 
sensitive question because small or large classroom capacity usually matches 
the students’ ability and average annual achievement. However, common 
achievement of students can be evaluated from the examination results 
and individual evaluation conducted by subject teachers in the classroom 
(Glass et al., 2016). Table 1 below shows the classroom capacity average 
that is applicable and suitable for the population in the related countries at 
the secondary school level. 

Table 1: Classroom Capacity Average for Different 
Countries (2012-2016) for Secondary School Level

Item. Country Classroom Capacity
 Average (students)

1. Australia 22.9
2. Canada 25.8

3. Chile 30.5
4. Czech Republic 21.6
5. Finland 19.7
6. France 25.3
7. Germany 24.1
8. Greece 20.7
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9. Indonesia 28.6
10. Italy 21.2
11. Japan 32.4
12. Korea 30.0
13. Malaysia 28.5
14. Mexico 28.0
15. Russia 19.0
16. Sweden 20.9
17. Turkey 33.6
18. United Kingdom 19.0
19. United States 26.7

Sources: School Management Division (31st January  2016)
: National centre for Education Statistics (2012)
: Organization for Economic Cooperation and Development (2015)

Course Conducted

The investigation from previous studies found that the courses taken 
may influence the types of seating arrangement in a classroom, by which the 
classroom environment is associated with the learning activities conducted 
in that level. Besides, an accurate selection of seating arrangement based on 
the student course produces better academic performance (Mlambo, 2011).  

Schools have no worth without student. Students are the most essential 
assets for educational development in relation to country development 
that is linked with responsibility towards country’s economic and social 
development (Mushtaq& Khan, 2012). The course offered in the school 
institution should be matched with the students’ choice and capability; thus, 
classrooms need to be provided with the suitable learning activities whether 
technical, science, or literature courses. Several courses offered for school 
level needs suitable classroom environment for teaching and learning (Idayu 
et al., 2016); if there are many difficulties to provide conducive environment 
for learning, at least the seating arrangement approach needs to be applied for 
each classroom as the first step of awareness in the physical environmental 
aspects of a classroom (Burgess, 2007). 
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Student Behaviour

Hannah (2013) mentioned that classroom environment gives an impact 
to student learning because proper management of classroom, usually from 
the physical aspect, really helps the motivation of students to learn. Seating 
arrangement is one factor contributing to physical classroom environment 
but previous studies agreed that it is still not enough to produce good students 
in terms of behaviour (Leung& Fung, 2006). 

However, some studies then identified that seating arrangement is a 
significant practice to be implemented because it improves students’ good 
attitude and behaviour in the classroom during teaching and learning (John, 
1999) and (Wannarka & Ruhl, 2008). 

Student Achievement

Seating arrangement is basically based on the teacher’s instruction 
or students arrange themselves, which can normally be an issue in the 
selection of seats in a classroom. Students sitting in front of the classroom 
will have more benefits compared to the students who always sit at the 
back, where it reflects student achievement (Hammang, 2012). The 
selection of student position in a classroom does not directly affect student 
achievement; however, it can contribute to the quality of learning such as 
reducing effectiveness of interaction or communication between teacher 
and students. Besides, different types of seating arrangement, for example 
the row, cluster, and U-shaped will allow the possibility for students to be 
closer with teacher, thus improving their confidence level to succeed more 
in their achievement (Peter et al., 2015). 

Student Difficulties

Some students have their own difficulties especially those related to 
health problems such as vision and hearing, which need to be addressed 
in a classroom. An accurate selection of seating position for the students 
is able to prevent their health condition from becoming worse. Besides, it 
also influences their concentration, performance, and achievement (Ngware 
et al., 2013). 
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Patterns of Seating Arrangement in the Classroom

Classrooms are valued, busy, and complex places that accommodate 
students to the learning process. A teacher needs the classroom to impart 
knowledge. The environment of the classroom must be purposeful, inviting, 
cheerful, and enjoyable. Students’ attitudes are significantly influenced 
by the physical arrangement of a classroom (Denton 1992). The position 
at which the students sit in a classroom is known as seating arrangement. 
The theory is that students that sit in the front have a tendency to be more 
engaged and active and their scores are usually higher than the students 
sitting at the back of the classroom (Ngware et al., 2013). 

Seating arrangements in a classroom must be appropriate for learning 
activities. Therefore, a seating arrangement needs to be decided before 
conducting related tasks (either individual or group task) to ensure an 
efficient learning process. Students continually exposed to the same seating 
arrangement usually develop negativity. Student learning, as well as teacher 
communication, are affected by the way seats are arranged in a classroom 
(Lotfy, 2012).

The learner's effectiveness and teaching efficiency will be ensured by 
the setting of a classroom (Marlow et al., 2015). However, in a classroom, 
student seating arrangement is dependent on the arrangement of chairs and 
desks that seat students in proper positions. There are five main patterns of 
seating arrangement, namely Traditional (Rows and Columns), U-shaped, 
Cluster, Runaway, and Stadium. 

Since the 1950s, the Traditional pattern has been predominant. It 
assumes students to be independent with the assumption that they would 
frequently ask questions. The interactions among students are actually 
limited in this pattern of seating. An alternative seating arrangement is 
U-Shaped seating. This allows students to be more participative during 
lessons. The attitude and behaviour of students can be influenced by different 
patterns of seating arrangement (Alexandra & Fuhrer, 2000). 

In 2007, the environment of the classroom began to be exposed to 
various seating patterns including Traditional, U-Shaped, and Cluster 
seating. Today, the Traditional seating pattern can be considered as passive 
learning where the teacher speaks and students listen. Although the teacher 
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has good eye-contact with all students, the students have very little eye-
contact with each other (Tanahashi, 2007).  

According to Wannarka & Ruhl (2008), the physical arrangement, 
especially of desks and chairs, has the potential to encourage desirable 
behaviour or students’ misbehaviour in the classroom. Typically, teachers 
may control the seating arrangement because the teacher has the ability to 
change the seating pattern when it is needed. Some researchers prefer the 
Traditional arrangement because this pattern provides more opportunities for 
students to be independent and they are also able to manage their own tasks. 
This pattern is good for high ability students. Cluster seating, meanwhile, 
is more suitable for a small number of students. It utilizes an effective use 
of space (Lotfy, 2012).

There are three main seating patterns and they are Cluster, U-Shaped, 
and Traditional as according to Georgia Education Researcher (2015). All 
patterns have their pros and cons. The Cluster pattern has a usage of 42%, 
while the U-Shaped seating is at 33%. The Traditional seating is the lowest 
at 25%. Although the Cluster seating is susceptible to inappropriate chatting 
among students, it is extremely suitable for effective student communication 
especially group work. The U-Shaped and Traditional seating patterns are 
best for individual or independent work. A seating arrangement should not 
only be determined by student achievement but also student comfort and 
learning (Simmons et al., 2015). 

Traditional seating allows for face-to-face interaction between students 
and teacher. A problem, however, arises when students struggle to see the 
teacher especially if taller students are sitting at the front row. Because of 
this, the U-Shaped and Cluster seating actually provide students with more 
effective conversations and small group discussions. Students should also be 
allowed some freedom to organize their seating positions, where a seating 
arrangement can be self-selected without any requirements (Kostouros & 
Oliver, 2014).
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Table 2: Comparison with Different Patterns 
of Seating Arrangement in Classroom

Type of 
Seating 

Arrangement
Advantage Disadvantage

Traditional 
(Rows and 
Columns)

Teachers can 
have a clear view 
of all the students 
in the classroom.

Convenient and 
simple, but not 
suitable for large 
classrooms 
because some 
students are 
sitting far 
away from the 
chalkboard or 
whiteboard.

Suitable for large, 
medium, and 
small classrooms 
size.

Less availability 
for students to 
always see the 
teachers. 

Maximum access 
that makes 
teachers to easily 
move around the 
classroom.

Distraction and 
noise pollution 
that is usually 
caused by 
students sitting at 
the back. 

Teachers are able 
to maintain eye 
contact with the 
students during 
the learning 
session.

No effective 
interaction 
between students 
and teacher

Teachers working 
with the whole 
classroom 
because more 
effort needed to 
get attention from 
the students.

Less approach 
of group or team 
work activities.

Encourages 
individual work.

Students paying 
less attention and 
have difficulties 
to participate in 
class activities.
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Improves 
confidence 
level during the 
learning process.

Students do not 
convey their 
own ideas or 
knowledge.
Enhances 
passivity of 
students.

U-shaped This needs more 
effort on students 
for the learning 
activities, where 
the teacher’s 
position in the 
classroom is less 
demanding.

Less approach 
of group or team 
work activities.

Suitable 
for medium 
classroom size.

Students do not 
convey their 
own ideas or 
knowledge.

More opportunity 
for interaction 
between students 
and teacher.
Improves 
confidence 
level during the 
learning process.
More space 
for teachers’ 
movement in the 
classroom during 
the teaching and 
learning process.
Less distraction 
and noise 
pollution in the 
classroom.
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Cluster Focuses on 
centred-learning 
approach.

Some teachers 
are not familiar 
with real concept 
of student-centred 
learning approach 
in the teaching 
and learning 
activities

Suitable for 
medium and small 
classrooms size.
The opportunity to 
develop effective 
interaction 
between students 
and teacher.
More approach 
of group or team 
work during the 
learning session.
Gains more 
knowledge during 
the discussion 
related with 
learning activities.
More cooperation 
during discussion.

Runaway Suitable for small 
classroom.

Not suitable for 
large classroom 
capacity.

It is significant 
to allocate 
small number of 
students in the 
classroom.

Difficult to conduct 
group or team 
work activities in 
this layout.

Teachers use 
the facing 
desks method 
to conduct the 
teaching and 
learning process 
in order to get 
more attention 
from students.

Less distraction 
and noise 
pollution in this 
layout.

This seating 
arrangement 
is relevant for 
discussion- and 
lecture-based.



34

Malaysian Journal of Sustainable Environment

Stadium Variation of 
traditional seating 
arrangement but 
it is grouped in 
clusters.

Less distraction 
and noise 
pollution in this 
layout.

Layout is a 
great choice for 
teacher-centric 
classes.

Less approach 
of group or team 
work activities.

Seating Arrangement in the 21st Century Classroom

Classroom is synonym with effective learning space by which human 
development takes part in a formal way of education. In the mid-1990s, 
research on classroom environment only focused on one or two aspects 
associated with classroom environment from the perspective of teacher 
and students (Angela & Kathryn, 2011). However, Ing (2014) stated that 
classrooms can also be used informally, which is more significant for the 
concept of current learning that needs more collaboration, cooperation, and 
discussion among students. 

The condition of classroom environment needs to be comfortable, 
healthy, and safe, which are necessary to support academic activities. 
The supportive learning environment in a classroom at school makes the 
students feel more comfortable and able to concentrate on their academic 
activities (Mudassir & Norsuhaily, 2015). Thus, the 21st century learning 
environment reflects from educational transformation that focuses on several 
elements including student-centred learning, collaborative learning, high-
level thinking, and teamwork. Therefore, the education institution should 
be balanced in order to adapt to the previous learning approach and the 
21st century learning approach. Classroom is needed for transformation 
of the 21st century learning; thus, the 21st century classroom approach 
has to be introduced to ensure that all aspects of conducive classroom can 
be adapted gradually such as cleanliness, ventilation, lighting, and space 
(Abdul Mutalib, 2017). The implementation of the 21st century learning 
specifically related to cooperative and collaboration learning lead to a 
democratic classroom, which introduces the education system with the 21st 
century classroom approach that is a necessary aspect for advance learning 
(Rohani et al., 2017) . 
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The 21st century classroom approach is basically needed to properly 
plan the space layout of a classroom, where the suitable types of seating 
arrangement whether row - column, cluster, U-shaped, runaway, or stadium 
are chosen. The setup of the classroom seating arrangement has to suit 
with its capacity, course, and behaviour of students in the classroom. 
Other than that, the classroom applying the 21st century learning should be 
accommodated based on the students’ needs, besides to establish a conducive 
classroom environment for students and teacher (Idayu et al., 2016). 

Classrooms applying the 21st century approach need to adapt with 
collaborative learning that is a main feature in educational transformation, 
thus the relevant seating arrangement is cluster because it encourages 
collaborative learning that consists of discussion within teamwork and 
teacher as the facilitator through student-centred learning (Idayu et al., 
2016).  

METHODS

The approach of the paper is qualitative research which is well-suited for 
the study to recommend the suitable types of seating arrangement that can 
be used for 21st century classroom or standard classroom layout. This study 
was conducted based on literature, analysis content and comparative analysis 
technique in order to produce significant research findings.  

DISCUSSION 

Based on the literature review, it shows that students and teachers need 
more varieties of seating arrangements to uplift the teaching and learning 
process. A positive classroom environment depends crucially on classroom 
management. Moreover, the physical arrangement of a classroom affects 
student behaviour and achievement.

Comparative Analysis 

There are several aspects that may encourage learning through the 
selection of different patterns of seating in classrooms.
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Classroom Capacity

Space utilization in a classroom is important to ensure that students 
are comfortable during the teaching and learning process (Sagata 2011) 
and (Masran et al., 2013). Space utilization depends on classroom size 
whether it is large, medium, or small. The different sizes of classrooms 
or classroom capacity should accommodate a suitable number of students 
(Chingos, 2013), (Yelkpieri, 2012) and (Glass et al., 2016). This is done so 
as to improve levels of comfort during teaching and learning. A preferred 
seating arrangement usually needs a specific classroom size. The Traditional 
(rows and columns) pattern can be applied for large, medium, and small 
classrooms. The U-Shaped pattern suits medium-sized classrooms while the 
Cluster and Runaway seating are applicable for small-sized classrooms. The 
Stadium pattern is mostly relevant for large classrooms. Therefore, space in 
the classroom is more significant for various types of seating arrangements 
affecting student performance (Cheryan et al., 2014). Student achievement 
and performance are dependent on several factors, for example, the seating 
configurations. Student motivation could be influenced by getting suitable 
classroom layout and seating arrangement. These researchers recommend 
the Traditional, Cluster, and U-Shaped seating arrangement due to limited 
space (Haghighi& Jusan, 2014).   

Every week, students in Malaysian schools are spending more than 
25 hours in the classroom. For a 30 student classroom, The Public Works 
Department (PWD) standard provides a measurement of 30 feet by 24 feet 
area. In reality, the number of students in a classroom is more than that 
especially urban schools. In some schools, a classroom has up to 45 or 50 
students (Ramli et al., 2012). 

The physical environment of a classroom requires a new layout and 
design for students’ comfort. The current arrangement includes Cluster, 
U-Shaped, and Traditional seating. In Malaysian schools, the Cluster seating 
comes last at 12%, U-Shaped seating is recorded at 18%, and Traditional 
seating registers at 70%. Cluster seating is the favourite choice for teachers 
who prefer group work (Ramli, Ahmad & Masri, 2013). 

Currently, teachers have begun to recognize that the way to improve 
student learning and participation is a conducive classroom arrangement. 
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Teachers play an important role in deciding and arranging student seating. 
However, in Malaysia today, 99% of secondary schools use the Traditional 
pattern because it controls student behaviour easily. The Traditional seating 
arrangement does not actually facilitate teachers in the teaching and activities 
techniques. However, many techniques could be used in learning and 
teaching. Yet, the number of students and constraint of space are not giving 
teachers in the classroom to move over. In addition, the number of students 
enrolling every year keeps increasing (Ramli et al., 2014). In having this 
situation, the accurate patterns of seating arrangement in classroom should 
be properly managed for the students’ comfort level.

Course Conducted

Teaching and learning activities conducted in the classroom are usually 
based on the standard course or subject that is specifically provided for 
students. However, different course or subject should be delivered with 
different medium or methods to ensure effective learning among students. 
Teamwork assessment is one of the familiar and also efficient methods 
to train the students to be more independent, at the same time test their 
knowledge and critical thinking skills (Lotfy, 2012). Teamwork is more 
than group work. Teamwork promotes understanding, honesty, cooperation, 
and helpfulness. In terms of the seating arrangement issue, Cluster pattern 
encourages student involvement through effective teamwork on tasks and 
presentations. The Malaysia Education Development Plan (2013-2015) 
stated that learning for the 21st century needs to be applied by school 
institutions. However, many specialists agree that learning and teaching for 
the 21st century should match with improvements in the education field. 
Teachers should understand that new teaching techniques and technology 
are key drivers of future education. Currently, the major types of seating in 
Malaysian classrooms is the Traditional, Cluster, and U-Shaped to encourage 
teamwork activities among students (Sidek, 2012). Collaborative teamwork 
in classrooms may enhance the quality of learning because the students 
put in more effort  than the teachers and it will also educate students to 
be more independent and disciplined when conducting their learning task 
(Mclaughlin et al., 2014).   
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Student Behaviour

The seating in a classroom has the ability to shape proper student 
attitude. The right arrangement may encourage individual work, avoid 
passivity, generate communication, and provide focus (Lotfy, 2012). In 
general, the Traditional, U-shaped, and Stadium patterns influence students 
to be more focused during lessons. Student learning value will increase if 
they are able to be independent in doing tasks and assignments (Ngware et 
al., 2013). For this, the Traditional and Stadium patterns of seating work 
very well as they decrease instances of laziness and plagiarism.

Juhary (2012) stated that the oldest method of delivery in education 
is classroom learning. Classroom learning needs more effective seating 
arrangements to develop students’ confidence and positive behaviour. 
Normally, a seating arrangement is fixed for the whole semester or school 
session. This is to ensure that the students feel comfortable. The researcher 
found that students become more independent when seated in the Traditional 
pattern than the Cluster seating. If the seating arrangement is assigned 
according to students’ performance, this will reduce student motivation. 
However, according to Finch (2006), priority for extra guidance and 
attention from the teacher during the learning and teaching process should 
be given; weak students should be placed in the front rows. 

The needs for special education should also be addressed. A special 
education classroom needs to have appropriate layouts. It should be 
comfortable, cheerful, and attractive for learning. The design of the 
classroom must be suitable with disabled students’ needs. The Cluster seating 
fits this task. The teacher can discuss and address the students optimally. 
Students that have problems academically need to be given more focus 
(Hanafi et al., 2013).

Student Achievement

Classroom management optimization such as selecting suitable 
patterns of seating arrangement is one strategy towards maximizing student 
achievement (Cheryan et al., 2014). Thus, different patterns of seating 
arrangement in the school classroom are related to the student’s academic 
achievement because students deserve more attention during the teaching 



39

A Review of Seating Arrangements towards The 21st Century 

and learning process. According to Mustaq & Khan (2012) the seating 
arrangement normally depends on teachers’ determination, however, if there 
is a need students may request their position. Ngware et al (2013) clarified 
that seating in the front row has a positive and significant effect on students’ 
learning achievement, thus seating arrangement and classroom best practices 
have important implications on student achievement at school building. 
Therefore, managing students in different patterns of seating arrangement 
either traditional (rows and columns), cluster, u-shaped, runaway or stadium 
may improve the instructional knowledge delivery and effectiveness among 
students in specific classroom.        

Student Difficulties

Communication is a critical aspect in achieving the objectives of 
teaching and learning and may also contribute to student difficulties. 
The best way of learning and knowledge transfer is by having effective 
communication. According to the various literature studied, the Cluster 
pattern allows most communication between classroom participants whereas 
the Stadium pattern is the least conducive to classroom communication 
(Finch, 2006). Effective interaction between students and teacher is achieved 
through the U-Shaped and Cluster patterns. In addition, the teacher can 
best evaluate the understanding of students in these patterns. All patterns 
except the Runaway pattern improve students’ confidence especially when 
they share ideas in class.

In the learning and teaching process, communication is very important. 
Teachers should have good verbal and non-verbal communication skills in 
order to affect students to communicate among themselves. Furthermore, 
in Malaysian schools, the Cluster seating or group seating should not be 
based on ethnicity. They must be grouped together to help them integrate 
and increase their skills of communication (Hameed et al., 2014).  

Figure 2 illustrates the framework of seating arrangement adaptation 
for the 21st century classroom approach in school building. There are 
many factors involved to influence student position in a classroom, which 
include classroom capacity, course conducted, student behaviour, student 
achievement, and student difficulties. 
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Figure 2: Framework Adaptation of Seating Arrangement for the 21st 
Century Classroom Approach

All these factors will determine which patterns of seating arrangement 
are suitable for the specific classroom; thus, the 21st century classroom 
approach has more emphasis on student-centred learning, hence it is agreed 
that cluster is the best classroom seating arrangement. The discussion have 
been produced through the analysis of literature review, however this is the 
initial findings towards next research. 

CONCLUSION

The seating arrangements reviewed in this paper consist of different patterns 
including Traditional (rows and columns), U-Shaped, Cluster, Runaway, 
and Stadium that are basically applied in school classrooms. Prudent 
management of seating arrangements suggests improvements in learning 
and student achievement (Idayu et al., 2016), (Denton, 1992), (Cheryan et 
al., 2014) & (Laterra, 2012). The various patterns of seating implemented 
in classrooms need further research to achieve successful educational 
outcomes. This review paper shows that the selection of student position 
in the classroom is significant for the students to concentrate more during 
the teaching and learning process. Besides, student motivation can also 
be enhanced when they are seated in a strategic position in the classroom. 
Seating arrangement provides the opportunity for students to improve their 
behaviour and performance when conducting learning activities. 

The Traditional and Cluster patterns are the most prevalent types 
of classroom seating arrangements. However, based on current learning 
environment at school nowadays, Cluster and U-Shaped are the suitable 
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types of seating arrangements because both of these seating patterns 
improve student comfort and focus during the learning process but it still 
depends on classroom area, capacity and learning approaches carried out at 
school. Therefore, in order to achieve basic requirement of the 21st century 
classroom approach based on the student-centred learning in ensuring that 
the students effectively communicate, collaborate, and cooperate during 
lessons, the Cluster pattern  seating arrangement is the most suitable to 
be applied. Besides, traditional and U-Shaped seating arrangements also 
is applicable for several activities using classroom such as, examination; 
traditional (rows and columns) and presentation; U-Shaped seating 
arrangements in order to produce successful learning achievement. This 
should be an initial study for the next research in order to create classroom 
comfort at school buildings. 
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ABSTRACT

Meureudu	Riparian	in	the	past	was	a	place	of	a	collective	settlements;it	was	
then	developed		to	become	a	Meureudu	City	in	Aceh	Province,	Indonesia.	
Initially,	it	was	formed	as	traditional	fishermen	settlements	but	now	has	
shifted	into	semi-modern	settlements.	However,	the	settlements	developed	
sporadically	to	form	an	unplanned	pattern	of	settlements.	This	condition	
resulted	in	low	maintaining	river	and	non-adaptive	existence	of	the	dwellings	
with	the	environment.	Floods	occur	repeatedly	in	the	river	that	affected	
great	lost	to	the	community.	This	study	aimed	to	propose	residential	pattern	
design	and	adaptive	settlements	with	Meureudu	River	riparian.	Easy	access	
roads	to	markets	will	facilitate	economy	growth	to	the	people.This	will	also	
cause	large	numbers	of	unbridled	migrants	to	enter	and	build	settlements.	
In	this	study	the	a	combination	of	quantitative	methods	based	on	interview	
data	 and	questionnaires	 and	qualitative	 exploratory	methods	 based	 on	
field	observation	were	used.	The	data	were	collected	through	observation,	
field	measurement	and	secondary	data	sources.	The	results	show	that	the	
condition	of	settlements	along	the	river	basin	do	not	reflect	the	culture	of	the	
river.	In	order	not	to	further	aggravate	the	condition	of	the	settlement	and	
its	impact	on	the	occupants,	we	recommended	two	types	of	houses,	namely	
in	the	form	of	stage	and	non-stage.	The	stage	houses	are	located	on	the	
riverfront	with	an	orientation	overlooking	the	river.	Additionally,	undersea	
area	can	be	used	as	security	from	the	puddle	of	river	water	runoff	during	
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the	flood	and	as	a	garden	area	and	public	while	dry,	while	at	a	distance	of	
100	meters	from	the	river	non-stage	houses	form	would	be	built	because	
the	runoff	of	flood	water	no	longer	affects	the	occupancy.

©2019MySE,	FSPU,	UiTM	Perak,	All	right	reserved

Keywords:	Adaptive	 settlements,	 Riparian,	 Floods,	Meureudu	River,	
Indonesia

INTRODUCTION

In many cities of developing countries, especially in Indonesia, rapid 
urbanization has created unplanned settlements along the riverbanks of 
rivers. As an archipelagic country, many Indonesia cities have grown on 
the water’s edge, either on coastal or by riverbanks (Fitri et al., 2017). As 
the largest archipelago on earth, Indonesia is both blessed with abundant 
natural resources and afflicted by natural disasters. Meureudu is one of 
the cities that evolved on the riparian riverbanks of Meureudu river, Aceh, 
Indonesia.  Most growing cities in Indonesia, some which are located at 
the urban areas, decline into slum areas, especially in riverbanks. Majority 
of settlements have grown in areas around the water, including rivers, 
lakes, as well as seas (Mahatmanto, 2008). This may be due to cultural 
ecosystem services that are not easily integrated into planning decisions 
when rehabilitating the urban rivers (Vollmer et al., 2015). In the beginning 
Meureudu River was collective settlements. It was eventually developed 
into Meureudu City. Thus, it can be observed that living culture on the 
riverbanks has become part of the history of this city (Fitri et al., 2017). 
Currently, Meureudu City acts as the capital of Pidie Jaya Regency in Aceh 
Province, Indonesia, as a center of district government, tourism activities, 
trade and service center and city of transit. However, due to the settlements 
growing sporadically along the Meureudu River basin, it has formed an 
unplanned pattern of settlements. The currently rapid population overcrowds 
the settlements in the riverbanks. Such conditions resulted in not ideally 
circulating environments of settlements and resulted in poorly maintained 
river, bad infrastructure in the neighborhoods (swales) for drainage flow, 
unavailability of adequate green open spaces along the riparian, and non-
adaptive existence of the dwelling (both construction, distance) as a form 
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of flood mitigation (Irwansyah et al., 2015). Meureudu riverbanks are low 
in topography which may resulted flood when the river overflow. This 
condition caused Meureudu City to experience repeated floods that may 
harm the community. 

Flood hit areas along the riparian river banks, lowlands, downstream 
areas, and others that have bad drainage system and unstable soil structures. 
The flood may be caused by extreme natural disasters and human activities. 
Along with the rapid growth of population as well as unplanned urban 
development, geographic and demographic location, the threat and flood risk 
have increased. The impact of unplanned urbanization has also contributed 
to the change of hydrologic characters in the urban areas.

In addition, regional geographic and climate conditions have also 
caused flooding in Meureudu City. According to Azmeri (2009), Meureudu 
river is categorized as a river with severe problems and prone to flood 
hazards. Thus, appropriate physical treatment of floodplain areas, such 
as repairing of drainage channels, so that floods will be resolved more 
quickly is vital. Housing and natural disasters have a close relationship in 
Indonesia, especially for Meureudu City which is prone to floods. Ahmed 
(2011) stated housing is considered as the most valuable asset for the 
inhabitants. Meureudu is one of cities in Aceh that faces such environmental 
degradation problems due to part of upstream land along the flood plains.  
The cause of such environmental degradation is the decreasing amount 
of land covering along the riparian river course zone. The increasing 
environmental degradation is the initial indicator of the environment 
vulnerability. However, community acceptance is necessary in ensuring 
the implementation success of sustainable development concept based on 
an ecological approach. Planning should be responsive to desires of the 
community and its ecological context (Scott et al., 2013).

Residential and human is an inseparable entity, involving mutually 
beneficial relationships and is strongly influenced by the quality of the 
environment and the quality of the individual. Human relationships with 
the environment that they reside formed by various factors, among others: 
culture, environmental conditions, influence from outside, and behavior 
(Hirsan, 2011). Settlement is a collection of dwelling where initially each 
occupant mutually agreed formally and informally to form a community 
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based on socio-cultural proximity. Besides, socio-cultural relationship and 
ability of each individual to adapt are greatly influenced by the development 
of controlled settlements and subsequently, this provides a feeling of security 
for residents. Many settlements are not developed or developed but they 
are uncontrolled and have caused inconvenience to their inhabitants. Thus, 
planning should integrate wetlands as part of the townscape to make a unique 
environment (Alberti 2010).

In addition, improper design solutions and poorly built homes are 
one of the root causes of increased disaster risk (Davis, 1978). A review 
of housing construction is important to be  carried out on settlements in 
Meureudu River watershed area, which is prone to flooding, to provide 
adaptive housing with its environmental characteristics. Besides, sustainable 
housing development is a consequence of achieving long-term results for 
settlements in the watershed area. Relocating people to other places is not 
a proper and easy solution because the settlement has been established 
long time ago. According to Audefroy (2010), improving the quality of 
construction to be much better will not only guarantee the technical stability 
of the buildings but also offer many social, economic and environmental 
benefits for the community in the future. Therefore, housing assistance 
for local communities like that does not only focus on improving physical 
housing but also includes increasing public awareness about disaster 
preparedness and reduction.

Adaptation is a strategy that humans use to respond to environmental 
and social changes (Allan, in Marfai, 2012). Maryono (2005) explains rain 
factor is a natural condition that can cause floods depending on the intensity. 
Flood is a natural phenomenon that is part of the climate cycle. Floods 
can cause disastrous for humans. Flood is the result of human intervention 
to nature (Kusumaatmadja, 2004, in Suhandini, 2011). It is an ordinary 
natural event, then developed into a disaster problem if the water overflows 
disrupt the life, livelihood, and human safety (Setyowati, 2010). In order 
for settlements in Meureudu river watershed area to be sustainable, it is 
necessary to make adjustments to respond to repeated floods in Meureudu 
City. Marfai (2012), stressed that the adaptation process is very dynamic 
because the environment and human population are changing constantly. 
Human adaptation to the environment indicates the interrelation between 
humans and the environment (Desmawan, 2012). Thus, flood adaptive 
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housing model is one form of mitigation that can be recommended for the 
development of Meureudu City.

Aceh Middle Term Development Planning Year 2012-2017 (RPJM) 
mentioned that the quality of the environment and disaster is one of the 
priorities of development handling the impact of development of regional 
economy. The reason for the research conducted in the Meureudu riparian 
is because it is a new district capital. Besides Meureudu is an important 
development barometer in Aceh, so planning in preparation for anticipated 
development and inadequate development and minimal disasters is a 
necessity.

RESEARCH METHODOLOGY

The study is located in Meureudu City, 152 km from Banda Aceh City 
(Figure 1), the regency covers an area of 1,073.6 square kilometers, 
precisely in Meureudu river watershed area. This area is used as trading 
area, fisherman's housing and its facilities with medium density level, and 
pond land.

Figure 1: Map of Meureudu City
Source: Detailed Spatial Planning (RDTR) Capital of Meureudu Sub-district, Pidie Jaya District
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Figure 2: Map of Research Locations
Source: Detailed Spatial Planning (RDTR) Capital of Meureudu Sub-district, Pidie Jaya District

Study Approach

The study used a combination method (mixed method). The 
researchers used a combination of quantitative method based on interview 
data and questionnaires and qualitative exploratory method based on field 
data (field observation) in the exploration of potential settlement Meureudu 
River. Sources of data in this study include primary data derived from field 
research (observation, questionnaires, interviews, and documentation) and 
secondary data derived from literature review and documents from agencies 
related to this research. Field observation is the most dominant portion in 
obtaining data and information.

Data analysis involved the analysis of survey results on the pattern of 
adaptation of the dwelling and the environment. The analysis process aims to 
understand certain phenomena in order to have a deeper knowledge through 
space based on the process of formation and expression of spatial. In this 
case, the symptoms on how the process of flooding formed the expression 
of society as they adapt when facing the flood were examined so that spatial 
pattern can be recognized.
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RESULTS AND DISCUSSIONS

Description of the Meureudu City

The settlements in Meureudu River riparian are one of the oldest 
settlements. This settlement has a swampy type of land, with topography in 
the form of a gentle plain with an altitude between 2-5 m above sea level, 
having a slope classification of <8%. The measurement  from the height of 
the river i.e. about -0.5-1 meter, means there are some residential locations 
that are below the level of river water.

This settlement lies in the trading zone, therefore many residents 
work as merchants and shopkeepers. Other professions are civil servants. 
There are also people who work as fishermen and fish farming and pond 
shrimp. In this area there is harbor Fish Landing Place (TPI) so that many 
residents who work as transporters. Based on the data on the study site, 
60% of indigenous population and 40% are migrants. Easy and close access 
to markets has also caused a large number of unbridled migrants to enter 
and reside in the area.

Subsequently, residents get land as a residence derived from 
inheritance, buy, and rent it. Non-stage house (land) dominates the shape 
of the house by 70%, followed by the stage-shaped house. The orientation 
of the building is toward the river, sideways from the river, and back to the 
river. The orientation is influenced by changes in environmental conditions 
where there are roads facilities. However, the condition of the settlement 
paid less attention to the environmental hygiene problem, where the people 
are still throwing garbage into the river and making the communal toilets 
on the river.

Transportation routes are dominated by land access. There is an asphalt 
road that the frontal car can pass from downtown to the beach, while the 
road environment is made of concrete and land that can only be passed by 
motorcycle. In addition, through land access there are still people who use 
river transportation by boat.
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Land Use of Meureudu River Watershed and the Problems

The form of the settlement extends along the stream with the 
development in the border of the river to the mainland. The settlement of 
Meureudu City originally shaped the structure of a traditional fishing town 
settlement, characterized by the existence of open spaces and proximity to 
water access. From the analysis it was found that fisherman settlements in 
Meureudu City experienced a shift in function from traditional to modern. 
This condition is caused by the large number of migrant residents who have 
strong capital, have trade skills, and have good management skills, which 
can affect indigenous people.

The land use for designation leads to the Meureudu River watershed 
leading to an optimal land use system that can support all regional functions. 
Newly grown homes on vacant land in the basin make irregular conditions. 
The composition of houses is very close together and there are unclear 
environmental roads. The settlement pattern of Meureudu River watershed 
area and settlement problems is shown in Figure 3:

Figure 3: Settlement Pattern of Meureudu City and its Problems
Source: Analysis and Personal Photos

The increase population but the unavailability of residential lands has 
resulted in the large number of residents build buildings along the riparian 
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corridors. Riparian corridors and water bodies are the determination of 
a certain distance from the river or water body that allows flooding. The 
closer the building to the river, the likelihood of a puddle or flood coming 
from a larger river overflow. Buildings that are located on the banks of the 
river caused disruption of the flow of rainwater that will flow into the river.

The phenomenon of the width of the river 20-30 meters with a depth 
of 5-8 meters is given dykes as high as 1 meter from concrete rebates and 
boulders. Based on the Detailed Spatial Planning (RDTRK) of Meureudu 
City 2014-2034, Meureudu River must have a minimum border of 5 meters 
along the outer leg of the embankment but the width of the river border 0-2 
meters, almost along the river body is directly adjacent to the wall of the 
building. In addition, population growth is not followed by the availability 
of settlement land, resulting in the large number of residents who build 
buildings on the river border/buffer area. The river buffers and water bodies 
are the determination of some distance from rivers or bodies of water that 
allow for flooding.

Thus, this shows the importance of designing adaptive settlement 
model.

Design of Adaptive Settlement Models

This study resulted in the formulation of an adaptive settlement model 
with the Meureudu River watershed environment as one of the solutions to 
tackle floods. It is noteworthy that the most important thing in order to reduce 
the impact of flooding on housing in the Meureudu River watershed area is 
to increase the floor height above the estimated flood height (2 meters) and 
improve the surrounding drainage, including planned two types of houses, 
namely in the form of stage and non-stage. The stage house is located on 
the riverfront with an orientation overlooking the river. Undersea area can 
be used as security from the puddle of river water runoff during the flood 
and as a garden area and public while dry, while at a distance of 100 meters 
from the river non-stage house form may be built because the runoff of flood 
water has no effect anymore.

The house on stilts is located at the edge of the river but there is 
a space of the embankment with an orientation facing the river. Under-
house areas can be used as a safeguard from river water inundation during 
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flooding and as a park and public area when dry. The new construction, 
namely the use of reinforced concrete replacing the wooden pillars in the 
traditional house stage method, does not only help secure the building 
but also prevents material damage by flood water. This has also partly 
contributed to the reduction of deforestation for the needs of construction 
materials in the region.

Reuse of traditional house-stage forms will familiarize local residents 
with their new homes. Replacement of wooden structures with reinforced 
concrete poles provides a safer home for people in the future. The 
involvement of local builders in installing reinforced concrete poles for stilt 
house buildings will help them better understand the importance of applying 
new construction technology to promote valuable local characteristics in 
disaster risk reduction. This approach is expected to build perceptions about 
safe housing construction in the region.

Furthermore, materials such as concrete and bricks are more flood 
resistant than other building materials because they do not bend, rot or lose 
structural integrity as a result of flooding (Concrete Center, 2009). Ensuring 
that every part of the building that are affected by floods are made of concrete 
is better but not practical. This means that the only sustainable way to reduce 
the cost of repairs from flood water entering the house is to keep the type 
of non-stage house away from the danger of flooding. Therefore, non-stage 
houses are recommended to be located at a distance of 100 meters from the 
river bank because flood water runoff has no effect.

Figure 4: Adaptive Settlement Pattern in Meureudu Watershed
Source: Analysis 
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Some areas that can be developed are as follows:

1. Reuse of the river border area according to the capital Meureudu 
City District Spatial Planning (RDTR) by providing inspection roads 
and green lines along the Meureudu river, for easy maintenance and 
protection of riparian. Besides, it is also to provide comfort, ease of 
enjoying the view, and ease of achievement to the settlement area and 
the beach.

2. Residential environment conditions that tend to be moist and watery, 
has the potential to be developed as a residential environment with 
the concept of stage building that utilizes the under-area for security 
from inundation of river water runoff and infiltration during flooding 
and as a park and public area when dry.

3. Housing arrangement on the banks of the river by utilizing the river 
as a building orientation.

4. Utilization of areas of pond farming as mangrove forests that function 
ecologically and protect from natural disasters including erosion, 
tsunamis and pollutants and support coastal development. Besides, it 
can be developed as a tourist area.

5. Trading zone as a central market that has the potential to become 
an orientation and land view with market arrangements that are also 
oriented to the waters.

6. Boat mooring zones, suburbs or river banks which have ease of 
achievement from the river to the housing zone and Fish Landing 
Place (TPI).

Based on the settlement model recommended by the Ministry of 
Housing and Regional Infrastructure, the settlement model for the Meureudu 
River watershed area is an integrated design model that is planned (by 
design). The choice of this model considering the people in this region has 
historically been settled for a long time, so relocation is not an easy problem 
because people are reluctant to be moved to other places, while the threat 
of flooding can come at any time. Being friendly with floods is the right 
solution for the settlements in the Meureudu City.
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CONCLUSIONS

In addition to being influenced by topographical factors of sloping areas 
and river boundaries that do not meet the standards, the floods in Meureudu 
City are worsened by the conditions of occupancy and infrastructure that 
do not respond to flooding. Mitigation systems for riparian areas ideally 
apply types of hard protection and soft protection. The easy and close access 
road to the market keeps the people's economy moving, but that aspect 
also causes the large number of unbridled immigrants to enter and residein 
the Meureudu River watershed. Thus, the concept of handling is proposed 
based on the study of settlement conditions and adapted to the needs and 
desires of citizens (interviews). The concept minimizes eviction house 
residents. It is concluded that settlements along Meureudu River riparian is 
still vulnerable to flood disasters, which was based from the land allotment 
for housing. However, the settlement infrastructure for disaster mitigation 
is also not optimal. Besides, sporadic urban development without planning 
undermines the balance of the ecosystem services at the riverbanks. The 
improvement of river settlements will not only improve the quality of life 
of the community but will also rehabilitate the ecosystem services, and 
minimize natural disasters. Urban development should respond to residents’ 
preferences, and also be sensitive to the impact of planning on the local 
environment, including recognizing underlying cultural values. Natural 
disasters have a disproportionate impact on the urban poor, who often live 
in informal settlements at vulnerable parts of the urban centers.

ACKNOWLEDGMENT

We thank Universitas Syiah Kuala and the Ministry of Research, Technology, 
and Higher Education, Republic of Indonesia for supporting this research.

REFERENCES

Ahmed, I. (2011). An Overview of Post-Disaster Permanent Housing 
Reconstruction in Developing Countries. International	 Journal	 of	
Disaster	Resilience	in	the	Built	Environment,	2, 148–164.



61

Flood Adaptive Settlements Towards Urban Development

Alberti, M. (2010), Maintaining Ecological Integrity and Sustaining 
Ecosystem Function in Urban Areas. Environmental	Sustainability,	2 
(3), 178–184.

Audefroy, J. F. (2010). Post-disaster Emergency and Reconstruction 
Experiences in Asia and Latin America: An assessment. Development	
in	Practice,	20, 664–677.

Azmeri, et al. (2009). Model	Indeks	Banjir	dan	Probabilitas	Resiko	pada	
Daerah	Bantaran	Banjir	Krueng	Meureudu	Pidie	Jaya	Provinsi	Aceh, 
Indonesia. Dinamika Teknik Sipil, Akreditasi BAN DIKTI No: 110/
DIKTI/Kep./2009.

Concrete Center, (2009). Concrete	and	the	Green	Guide:	the	Use	of	the	
Green	Guide	in	the	Context	of	Sustainable	Design. RIBA Enterprises 
Ltd. Camberley, UK.

Davis, I. (1978). Shelter	after	Disaster. Oxford Polytechnic Press, Oxford.

Desmawan, B. T. (2012). Adaptasi	Masyarakat	Kawasan	Pesisir	Terhadap	
Banjir	Rob	di	Kecamatan	Sayung,	Kabupaten	Demak,	Jawa	Tengah. 
Skripsi. Yogyakarta: Universitas Gajah Mada.

Fitri, M., Harun, I. B., Triyadi, S. (2017). A Typology of Residents of 
Settlement in Urban Riverbank, Indonesia.	Journal	of	Economics	and	
Sustainable	Development,	8 (24).

Hirsan, F. P. (2011). Identifikasi Pola Bermukim Masyarakat Suku Sasak 
di Pulau Lombok yang Dipengaruhi oleh Sistem Kekerabatan – Studi 
Kasus: Desa Puyung, Kabupaten Lombok Tengah, http://lpsdimataram.
com/ phocadownload/Desember-2011/06-20111208 fariz%20 primadi.
pdf. Mahatmanto (2005). MMT Sigma Online UAJY,  http://groups.
yahoo.com/group.nature_trekker/message/11217.



62

Malaysian Journal of Sustainable Environment

Irwansyah, M., Nursaniah, C., Qadri, L. (2015). Spatial Development of 
Riparians Meureudu Towards Waterfront City Concept and Disaster 
Mitigation. Proceeding	 the	 International	 Joint	Conference	 Senvar-
Inta-Avan	2015. Faculty of Built Environment Universiti Teknologi 
Malaysia, Johor, Malaysia.

Marfai, M. A. (2012). Bencana	Banjir	Rob:	 Studi	Pendahuluan	Banjir	
Pesisir	Jakarta. Yogyakarta: Graha Ilmu.

Maryono, P. (2008). Dampak Perubahan Penggunaan Lahan terhadap 
Respon Debit dan Bahaya Banjir, PUSPICS Fakultas Geografi 
Universitas Gajah Mada; 19-26.

Scott, M., C. Bullock, and K. Foley (2013), Design Matters: Understanding 
Professional, Community and Consumer Preferences for The Design 
of Rural Housing in The Irish Landscape,	Town	Planning	Review,	84	
(3), 337–370.

Setyowati, D. L. (2010). Buku	Ajar	Pengelolaan	Daerah	Aliran	Sungai. 
Semarang: CV. Sanggar Krida Aditama.

Suhandini, P. (2011). Banjir	Bandang	 di	DAS	Garang	 Jawa	Tengah. 
Unpublished Disertasi (in Indonesian). Yogyakarta: Universitas Gajah 
Mada.

Vollmer, D., Prescott, M. F., Padawangi, R., Girot, C., Grêt-Regamey, 
A. (2015). Understanding the Value of Urban Riparian Corridors: 
Considerations in Planning for Cultural Services along an Indonesian 
river. Landscape	and	Urban	Planning,	138, 144-154.



ARCHITECTURAL DESIGN KEYWORDS 
OF INCEPTION SPACE

Muhammad Heru Arie Edytia1, Zulhadi Sahputra2, Mirza3

123Architecture	and	Planning	Department,	Faculty	of	Engineering,	
Syiah	Kuala	University,	Indonesia

E-mail: muhammad.heru@unsyiah.ac.id
Received: 6 November 2018
Accepted: 24 December 2018
Published: 31 December 2019

ABSTRACT

This	paper	explains	the	idea	of	inception	space	from	Inception	(2010),	a	
movie	directed	by	Christopher	Nolan,	to	explore	the	inception	space	potential	
in	designing	architectural	space.	Inception	space	is	an	architectural	space	
design	mechanism	that	translates	the	essential	experience	of	space	users	as	
an	effort	to	implant	idea	in	the	form	of	positive	emotions.	In	other	words,	
the	architectural	 space	 is	 a	medi-um	of	 inception	 to	 a	 space	user	 or	 a	
target	(mark).	The	main	purpose	of	inception	space	design	is	to	affect	the	
target	(mark)	by	planting	the	idea	‘secretly’.	The	target	is	unaware	of	the	
intervention	and	considers	the	idea	presented	itself.	This	process	becomes	
the	beginning	of	an	idea	to	grow	in	one's	mind	the	begin-ning	of	mindset	
and	behavior	change.	In	other	words,	architects	or	planners	can	apply	this	
mechanism	to	design	and	influence	users	so	that	the	design	success	rate	can	
be	improved.	The	main	design	keywords	as	part	of	the	inception	process	
are	perception,	memory,	scenario,	layer,	and	labyrinth.	The	development	of	
design	methods	of	inception	space	can	be	explored	and	applied	to	different	
targets	and	contexts	by	apply-ing	these	design	keywords.	For	example,	this	
design	mechanism	can	be	applied	to	people	with	dementia	who	experience	
memory	and	visuospatial	deficit	through	wayfinding	programming.
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INTRODUCTION

The fascinating thing about the science fiction movie released in the summer 
of 2010 by director Christopher Nolan is the process by which an architect is 
able to create an architectural space in the layers of dreams only through the 
mind. In addition, through the design, the architect assisted by the inceptor 
able to implant a new idea to someone through his subconscious spaces or 
dream space called Inception. The planted idea is expected to change the 
mindset and behavior of the target in the real world.

There is a slightly different meaning between actual meaning and 
science fiction meaning. However, both have a common understanding that 
is a beginning process of something. Nolan (2010) reveals the same thing in 
the Inception movie by interpreting inception as the process of im-planting 
an idea to someone through his subconscious or subconscious. This process 
becomes the beginning of an idea to grow in one's mind the beginning of 
mindset and behavior change.

Starting from the idea exploration on Inception movie, the process 
of planting ideas to a per-son called a target (mark) can be applied in the 
architectural space design method. It is the research question of this study. 
This study negates the process of dreaming as it does on the Inception movie. 
This is because dreaming requires deeper research and very subjective. 
Additionally, subliminal stimulus is also not strong enough to influence 
one's thinking and behavior.

This paper aims to produce design mechanisms that can improve the 
success of program-ming in design. The success relates to how architects or 
planners influence space users in positive ways to follow the programming.

However, the limitation of this study is it limits only in design 
mechanism keywords search-ing explored from the Inception film without 
progressing to how this design mechanism is used on specific targets. These 
keywords are associated with literature studies to support the statement that 
it can influence users. 

Nevertheless, this study tries to provide simple steps in applying 
keywords to architectural design. The users involved in this exploration 
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are people with dementia who have memory and visuospatial deficit. These 
design exploration steps are not elaborated too detail because it requires 
more specific and in-depth research.

INCEPTION SPACE

Extraction and Inception Process in Inception Movie

The movie Inception describes the extraction of classified stored 
information and the incep-tion process that involves the unconscious mind 
of the target (marked individual). Both of these processes begin with an 
initiation process which involves research of the target background. The 
results of the initiation process are then translated into layers used to obtain 
the most basic infor-mation (extraction) and also to implant an idea that 
is capable to affect the target’s behavior in the real world (inception). In 
designing these layers, the extractor or inceptor translates the memory 
as the target background into scenarios and settings with the labyrinth or 
maze rules. The diagrams below describe the process of inception on the 
exploration of the Inception movie.

Figure 1: First Inception done by Cobb to Mal

As illustrated in Figure 1, initially the Inception process carried out by 
Cobb (the main character) to his wife, Mal. The process of finding the most 
essential objects of his wife and instilling the idea that the world currently 
lived in is not real. Therefore, Mal must immediately wake up and live 
life in the real world. The keywords involved in this layer are perception, 
memory, and setting. The per-ception that occurs in the user (Mal) is safe 
is the most important place to keep secrets. The concept of memory used 
is a dollhouse as a childhood memory in the middle of the city in the form 
a laby-rinth setting.
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Figure 2: Second Inception in the First Layer

In the first layer (Figure 2), the idea that will be instilled in the target 
is a statement "I will not fol-low my father's footsteps". The inception 
process in this layer involves keywords that are perception, memory about 
father and son relationships, settings, and scenarios. The designed setting 
was a warehouse space. The scenario used in the movie is the kidnapping 
process. In this process, the tar-get was kidnapped and forced to remember 
a number combination of a safe. The targets are con-vinced that there are 
other parties who want confidential information stored in the safe.

Figure 3: Second Inception in the Second Layer

In the second layer, as shown in Figure 3, the idea that will be instilled 
in the target is a statement “I will creating something for my self”. The 
inception process at this layer used keywords such as perception, memory, 
settings, and scenarios. The designed setting was a bar room and bedroom 
in a hotel. The scenario used involved Mr. Charles. The receptor convinced 
the target that he was in a dream world and someone was trying to extract 
confidential information from him. Indirectly, the target will go against his 
subconscious. The receptor helps the target to suspect someone who plans 
the previous kidnapping so that the projection will indirectly act according 
to what the target is ex-pected.



67

Architectural Design Keywords of Inception Space 

Figure 4: Second Inception in the Third Layer

In Figure 4, the idea that will be instilled in the target is a sentence 
statement “My father does not want me to be him”. The inception process 
at this layer used keywords that are perception, memory, settings, and 
scenarios. The setting selected involved a patient treatment room in the 
fortress of mil-itary defense. The scenario used is a conversation between 
the target and his critical father's projec-tions. The conversation continues by 
checking the contents of the safe that has been grabbed from the start, namely 
a paper windmill. The target experience was later translated positively in 
the form of the windmill.

Based on this exploration, there are five keywords involved in the 
process of inception space design. These keywords are perception, memory, 
scenario, layer, and labyrinth. Perception as part of the process of absorbing 
the quality of architectural space through sensation stimuli. These stimuli 
are transformed into neural representations to be compared with information 
already stored in the target information center. The information data are 
derived from experience or target memory. Per-ception, memory, and 
imagination are in constant interaction,where the domain of presence 
fuses into images of memory and fantasy (Pallasmaa, 2012, p.71). This 
memory can be revived through the scenario (program) and the setting of 
the architectural space. Finally, the setting follows the principles of the 
labyrinth or maze in layers that consists different scenarios.

The next section explains the design keywords based on the findings of 
the exploration from the Inception film. These keywords become important 
and as methods in designing an Inception space, a space that can influence 
users to follow architect or planner programming. These design keywords 
are further studied with some supporting literature.
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Inception as Perception

“Our immediate awareness of the phenomenal world is given through 
perception” (Norberg-Schulz, 1974, p.27). Perception is the initial process 
of a user to experience consciously the quality of architectural space. The 
way a user responds to the stimulus which comes from the surrounding 
environment will affect how a user behaves towards the architectural 
space (Mlodinow, 2012). Hu-man behavior is the product of an endless 
stream of perceptions, feelings, and thoughts, at both the conscious and 
the unconscious levels (Mlodinow, 2012, p.16). The comparing process 
between neu-ral representations with information stored in the brain 
during the perception process has the poten-tial to be incepted (Figure 1). 
As explained by Passer and Smith (2009) the so-called top-down pro-cess 
is highly dependent on information previously stored in the brain. In top-
down processing, sen-sory information is interpreted in light of existing 
knowledge, concepts, ideas, and expectations (Passer & Smith, 2009, p. 
150). 

In other words, knowing what information is stored in one's 
information center (brain) makes it easy to do inception. Knowledge or 
information stored in the brain is the result of experience involving all 
senses in the human body.

Figure 5: The Process of Perception

During the perception process, the visual senses are the most active 
senses that receive stimulation. A person is able to represent and behave 
towards his environment most influenced by stimuli re-ceived through the 
sense of sight. However, perceptions of architectural space are also built 
by other senses. This is supported by the statements of the Pallasma and 
Tuan that other senses are able to present the experience of the quality of 



69

Architectural Design Keywords of Inception Space 

architectural space. According to Campbell (1966, as cited in Tuan, 2001), 
kinesthesia, sight, touch are sensory organs and experiences which enable 
human be-ings to have strong feeling for space and for spatial qualities.(.

 
The skin is able to convey certain spatial ideas and can do so without 

the support of the oth-er senses, depending on the structure of the body 
and the ability to move (Tuan, 2001, p.14). Alt-hough the senses that best 
capture the quality of space are sensory kinetic organs, vision, and touch 
(can function without help from other senses), the olfactory and auditory 
sensory organs also offer that ability. For instance, “Odor is capable of 
suggesting mass and volume” (Tuan, 2001, p.13). Alt-hough, it is almost 
impossible to remember a perfume, smelling a similar fragrance will change 
our perception of an event because our perception is mediated through 
memories, past experiences, and desires (Dionne, 2011).

In addition, sounds though vaguely located, can convey a strong sense 
of size (volume) and of dis-tance (Tuan, 2001, p.14). Someone will adjust 
the volume of the sound differently when speaking or relating to the source 
of listeners that have different distances in different sizes of space. Sound 
it-self can evoke a spatial impression (Tuan, 2001, p.15). For instance, the 
echo sounds give a big im-pression and the sound of the creak of the door 
gives the impression of pinching and thinness. Thus, a comparison is made 
between the impressions produced by the sense of sight and the sense of hear-
ing towards the relationship between a person and space. The sight makes us 
solitary, whereas hear-ing creates a sense of connection and solidarity; the 
gaze wanders lonesome in the dark depths of a cathedral, but the sound of 
the organ makes us realize of our affinity with space (Pallasma, 2008, p. 31).

Culture in which the subject grows affects perceptual experience 
(Passer & Smith, 2009, p. 164). Therefore, the experience of the target 
(mark) needs to be explored according to the culture where the target 
does spatial activities through everyday concepts. The everyday world 
is sensual. It does not only provoke sight but also touch, hearing, smell. 
Thus, architecture encompasses places known by their aroma, surfaces 
recognizable by their tactile qualities, positions established by echo and 
reverberation. (Berke, 1997, p. 223).
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Inception as Memory

The inception process involves translating the target experience. 
This is closely related to the memory of the target. Hugo Munsterberge, a 
German psychologist, designed the theory of memory. According to him, 
we cannot record all the details we experienced so we will fill in the blank 
details with our other minds. There are three concepts about memory: (1) 
we only remember the essence of an event, (2) we fill in the missing details 
with the things that are made up, and (3) we will believe the memory. The 
idea that we can remember events that never happened is a key element of 
Philip K. Dick's story "We Can Remember It for You Wholesale," about 
implanting memory. “The memory of long-standing events is particularly 
easy to implant” (Mlodinow, 2012, p.75).

Not only visual, but the smell can also act as a trigger for the memory 
of architectural space elements. A particular smell makes us unknowingly 
re-enter a space completely forgotten by the retinal memory; “the nostrils 
awaken a forgotten image, and we are enticed to enter a vivid day-
dream”(Pallasmaa, 2008, p.32).

Finally, architectural elements that are able to generate memory are 
needed in the process of inception. This memory helps scenario and setting 
to 'look' and 'feel' familiar. This situation makes the inceptor to be able to 
instill an idea into the target easily.

Figure 6: Typical House Exploration as Base

Figure 6 explains the exploration of a typical home as a base. The 
exploration looks for detailed ele-ments that have the potential to be 
mnemonic and to manipulate memory. This exploration is one of the 
mechanisms in designing inception space as memory for dementia with 
memory and visuospatial deficit in wayfinding.
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Inception as Scenario

A scenario is a description of what could possibly happen (merriam-
webster.com). In other words, the scenario contains the action described. 
This understanding is closely related to the programme in architecture. 
No architecture without action, no events, no programs (Tschumi, 1998, 
p.121). The inception process depends on the scenario or action that has 
been described by the inceptor. One of the scenarios is how the target (mark) 
interacts with the projections and elements of the ar-chitectural space. So 
the real task of inception is not just to deliver ideas, but to deliver them 
sur-reptitiously to an unwilling recipient. Furthermore, he must adopt all 
these ideas as his own, as a basis for action, and as if he had arrived at them 
himself without intervention (Andersen, 2011). Therefore, the scenario or 
programme is described without making the target (mark) aware that he is 
being directed.

Figure 7: Target (mark) Scenario Diagram

Figure 7 is a simple diagram that explains how the visual target will 
be passed from base through finding characters of the center of labyrinth. 
This diagram explains five scenarios that will be carried out on the target 
as inception process.

Inception as Layer

In Inception movie, setting and scenarios are used by an inceptor on 
each layer of dream space during the inception process. There are various 
translations of target (mark) experience on each layer. On each layer, 
inception involves scenarios and settings both of which are translations of 
the target experience. The basic setting used is the labyrinth as one of the 
architectural paradox.

The film concludes that the process of inception looks impossible 
because everyone is equipped with a mind that will look for traces where an 
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idea existed. Therefore, this pure creation process involves high imagination, 
the ability to translate ideas that you want to plant into emo-tional concepts 
and does not require specific ideas. The process of translating ideas into 
positive emotions starts from uncovering the experience of the target.

Inception as Labyrinth

The architect in the Inception movie, Ariadne, designed the 
subconscious layout using the labyrinth or maze principles. The movie 
calls these two terms but the dream layout space follows the maze rules that 
have many paths and intersections so it requires challenges for visitors to 
choose the right path and make a decision. What Ariadne provides is a place 
for people to interact in a narrative context, interior, and the city. In other 
words, Ariadne builds a stage where the show will take place (Kapper, 2011).

Metaphorically, the labyrinth is referenced to a difficult, unclear, and 
confusing situation (Kern, 2000, p.23). There are several interpretations that 
Kern has brought to the labyrinth defini-tion. However, this paper describes 
the interpretation associated with the Inception movie that is as a process 
of self-transformation.

This definition is not much different to the maze that Tschumi invented 
such as to create a different space or experience of space. Labyrinth as a 
sensual experience of space. A labyrinth is a place where all sensations, 
all feelings are enhanced, but where there is no presence of an overview to 
provide a clue as to how to exit (Tschumi, 1998, p.42).

In designing space for people with dementia, ‘labyrinth’ can be realized 
by applying the forward and backward mechanism (Figure 8) or in other 
words there is no distraction direction (red square). Dis-traction directions 
can be manipulated by designing reference or signing and in further 
exploration called the Slayer Oranye. The users are guided by architectural 
elements such as elements which have the same colors, shapes, etc from 
base to center of labyrinth. These directions guarantee and direct the user 
to the destination (center) without changing direction.
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Figure 8: Space Experience from Base to the Center of Labyrinth

DESIGN METHOD

Inception as Architectural Concept

“Inception thinks through images. An image is not simply a 
representation of reality but also shows, through its movement, a 
complexity, a difficulty, and a truth” (Husson, 2011). The next discussion 
is the development of the inception space concept. Broadly speaking, the 
inception space consists of layers where each layer has specific scenarios and 
settings. These scenarios and settings involve the translation of experience 
from perception and memory.

Cobb in Inception film (2010) explained that “Dreams, they feel 
real while we are in them, right? It is only when we wake up that we 
realize something was actually strange.” Cobb’s statement, an extractor, 
and inceptor, suggests a setting from the inception space. An 'unusual' 
architectural space that feels strange will more easily affect the target. 
Therefore, the setting uncovers the potential elements of an architectural 
space that is 'unusual' or out of the box and probably it can be ‘ugly’. A 
simple analogy is that the target will more likely 'remember' a setting in 
which the pedestrian pathway has a roof if compared to similar paths used 
by pedestrians. Another example is a cross sensation where light produces 
regular sound wave stimuli and music rhythms produce heat stimuli. 
Furthermore, the development of settings follows the concept maze or maze.

The initial stage of the development of inception space is the initial 
approach of a target (marked individual). Targets are identified by the target's 
daily approach in carrying out activities and creating space. This observation 
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is to find the most essential experience of the target. Essential experience 
is the most core experience that is able to be remembered by the target. If a 
transformation is made, it will affect the target mindset so that the inception 
process occurs indirectly in carrying out its daily activities. This initiation 
stage also includes exploration of the quality or memory images stored by 
the target. Additionally, this exploration can be done by analyzing elements 
of the architectural space as part of the activities carried out by the target.

Before the experience translation phase becomes a scenario and setting, 
keywords are needed to be used as a trigger. This trigger can be a theme or 
purpose of the idea that will be instilled in the target in the form of positive 
emotions. These positive emotions have a deeper effect on the target than 
negative emotions. The experience and memory are then translated into 
scenarios and settings on inception space design.

In addition, the design of architectural space consists of a labyrinth 
and layers of mazes in order to speed up the inception. However, the process 
leads to gain time. Each layer will offer a different time if the inception is 
carried out at the same speed. This layer as a setting keeps the target in the 
scenario process by following the principle of choosing the right path and 
deciding it correctly. Each layer will apply special programming based on 
the trigger that has to be achieved as one of the inception processes. This 
programming will be studied further from previous research. For instance, 
healing space to people with dementia.

These layers are synchronized by involving all potential senses of the 
target. These senses help the target to recognize settings better and store 
information about settings in the form of memory. As a result this memory 
will help the target to strengthen the ideas that have been planted.

If the target to be planted is in the form of an idea to a person with 
dementia who experiences memory and visuospatial deficit, the next step 
is to study the symptom. The study of previous research on dementia will 
produce several requirements that have to be fulfilled by inception space 
design later. This process is part of the initiation process of the target.
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CONCLUSIONS

Through the exploration of Inception movie by director Christopher Nolan 
(Inception, 2010) and literary approaches, there are five key concepts 
involved in the process of inception to provide guideline to target as space 
users. Perception, memory, scenario, layer, and labyrinth are the main 
concepts of inception that can guide targets quietly.

Inception space is an architectural space that translates the essential 
experience of space us-ers as an effort to implant ideas in the form of positive 
emotions. In other words, the architectural space is a medium of inception 
to a space user or a target (mark). It is possible that the development of 
design methods of inception space can be explored and applied to different 
targets and contexts. Finally, as the main purpose of the inception process, 
the target (mark) is unaware of the interven-tion of the designed space and 
assumes the main idea used in the concept comes by itself.

This research can be continued by providing a case study of specific 
targets and contexts. For example, through programming, how to assist 
dementia people, with memory and visuospatial deficit, to find their way 
(wayfinding) between their house (as a base) to the mosque (as the center of 
labyrinth). The area selected is the old East sector lecturer housing complex 
of Syiah Kuala Uni-versity, Banda Aceh where the available houses almost 
have the same facade. These same facade will confuse users. It is hoped that 
through further research, Inception space design mechanism can contribute 
to the increasing success rate of architects or planners in influencing space 
users positive-ly in architectural design spaces.

ACKNOWLEDGMENT

The researcher would like to thank Kementerian Riset, Teknologi, dan 
Pendidikan Tinggi (Kemenristekdikti) Republik Indonesia for granting 
support through a research grant (Dana Bantuan Penelitian Tesis) scheme 
2015. 



76

Malaysian Journal of Sustainable Environment

REFERENCES

Andersen, Nathan. (2011). Inception and Deception. In Thorsten Botz-
Bornstein (ed). Inception and Philosophy Ideas to Die for. Illinois: 
Open Court.

Berke, D., (1997). Thoughts	on	the	Everyday. In Harris, S. & Berke, S., 
Architecture of the everyday (pp. 222-226). New York: Princeton 
Architecture Press.

Dionne, Emilie. (2011). The Story of Reality. In Thorsten Botz-Bornstein 
(ed). Inception and philosophy ideas to die for. Illinois: Open Court. 

Kapper, Thomas. (2011). Ariadne’s Clue to Life, the Universe, and 
Everything. In Thorsten BotzBornstein (ed). Inception and philosophy 
ideas to die for. Illinois: Open Court.

Kern, Hermann. (2000). Through	 the	Labyrinth:	Designs	and	meanings	
over	5,000	years. Munich: Prestel. 

Mlodinow, Leonard. (2012). How	your	Unconscious	Mind	Rules	 your	
Behaviour. New York: Pantheon Books.

Nolan, Christopher (director). 2010. Inception.	Warner	Bros. United States. 
148 mins. 

Norberg-Schulz, C., (1974). Intention	in	Architecture (3rd ed.). Cambridge, 
MA: The MIT Press.

Pallasmaa, Juhani. (2008). An	Architecture	of	the	Seven	Senses. In Holl, 
S., Pallasma, J. & 

Pallasmaa, Juhani. (2012). The	Eyes	of	the	Skin:	Architecture	and	the	Senses	
(3rd ed.). West Sussex: Wiley.

Passer, M. W., & Smith, R. E. (2009). Psychology	:	The	science	of	Mind	
and Behaviour (4th ed.). New York: McGraw-Hill.



77

Architectural Design Keywords of Inception Space 

Scenario. (n.d.). Merriam-webster.com. Retrieved October 2, 2014, from 
http://www.merriam-webster.com/dictionary/scenario.

Tschumi, Bernard. (1998). Architecture	and	Disjunction. Cambrigde, MA: 
The MIT Press.

Tuan, Yi-Fu. (2001). Space	 and	Place:	 The	Perspective	 of	Experience 
(25th ed.). 





ANALYSING STREET HERITAGE TREES 
SURFACE TEMPERATURE FOR UHI 

MITIGATION USING REMOTE SENSING AND GIS 
APPLICATION

Nor Suhaida Yusof1 , Nur Huzeima Mohd Hussain2, Noradila Rusli3

1Centre	of	Postgraduate	Studies,	Faculty	of	Architecture,	
Planning	and	Surveying,	Universiti	Teknologi	MARA,	Seri	Iskandar	Campus,	

Seri	Iskandar,	32610,	Perak,	Malaysia
2Department	of	Landscape	Architecture,	Faculty	of	Architecture,	

Planning	and	Surveying,	Universiti	Teknologi	MARA,	Seri	Iskandar	Campus,	
Seri	Iskandar,	32610,	Perak,	Malaysia

3Department	of	Urban	&	Reginal	Planning,	
Faculty	of	Built	Environment	&	Surveying,	Universiti	Teknologi	Malaysia	

81310	Skudai,	Johor,	Malaysia

E-mail: norsuhaidayusof90@gmail.com, 
Received: 6 November 2018
Accepted: 24 December 2018
Published: 31 December 2019

ABSTRACT 

Urban	Trees	are	important	in	reducing	the	heat	by	providing	the	shade	and	
cooling	effect	to	the	urban	environment.	Every	tree	species	provides	different	
cooling	effect	depending	on	their	tree	characteristics.	Evergreen	species	
such	as	heritage	tree	are	significant	in	reducing	the	surface	temperature.	In	
particular,	heritage	trees	do	have	environmental	implications	which	provide	
lots	of	benefits	for	the	environment	and	human	health.	The	aim	of	this	paper	
is	to	analyse	the	heritage	trees	surface	temperature	in	mitigating	urban	heat	
island	(UHI)	at	Taiping	Old	Town.	The	research	has	conducted	utilizing	
Landsat	8	OLI	data	and	on-site	data	collection.	This	research	integrated	
Geographic	Information	System	(GIS)	and	remote	sensing	in	data	processing	
and	SPSS	for	analysis.	The	result	shows	the	low	significant	relationship	of	
tree	characteristics	and	Land	Surface	Temperature	(LST)	with	(R²=0.17)	
indicates	that	external	factors	can	reduce	the	cooling	effect	from	heritage	
trees	 in	 reducing	 the	 surface	 temperature	 in	 the	urban	area.	Moreover,	
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there	is	also	an	analysis	on	the	LST	of	land	cover	features	together	with	the	
frequency	of	heritage	trees.		The	findings	revealed	that	the	higher	frequency	
of	heritage	trees	planted	at	the	hard	surface;	the	higher	the	ability	to	reduce	
the	LST	(about	5.3°C)	in	urban	areas.	

©	2019MySE,	FSPU,	UiTM	Perak,	All	rights	reserved

Keywords:	 Heritage	 trees,	Urban	Heat	 Island	 (UHI),	 Land	 Surface	
Temperature	(LST),	Remote	sensing,	Geographic	Information	System	(GIS).

INTRODUCTION

The rapid urbanisation has place substantially more pressure on natural 
resources, changed the urban climate, challenged the city skyline, build 
the concrete jungle and transformed the river into glasses (Ahmad et.al, 
2010; Shaharuddin, Noorazuan & Yaakob, 2011). As a result, the heat has 
reflected on the urban surfaces and raised the temperature compared to 
the surrounding area. The direct effect on the local climate has changed 
the urban spaces indirectly and caused the air and surface temperature to 
become warmer than those in the rural area. This effect called the ‘Urban 
Heat Island’ or UHI can be observed in every town and city (Wong & Yu, 
2005).  Moreover, removal and replacement of vegetation cover by various 
built-up structures influence the impact to the environment which cause 
environmental pollution, climate changes and breakdown of ecological 
cycles. The impact of the climate change had been investigated by many 
researchers and they found that the impact include heat stress, air pollution, 
and the transmission of infectious disease (Salleh, Abd.Latif, Wan Mohd, 
& Chan, 2013). 

Therefore, strategies in the mitigation of UHI have become an 
important issue in terms of energy saving and thermal comfort (Akbari, 
Pomerantz, & Taha, 2001; Kong et al., 2016). One of the adaptive strategies 
that had been addressed by many researchers is to increase the amount of 
vegetation cover in the urban area (Dewan & Yamaguchi, 2009; Shahidan, 
2011; Kong et al., 2016). For example, the strategies of urban greening 
design could give the effect on providing the shade and cool to outdoor 
environment (Tan & Ng, 2014; Abreu-harbich, Chebel, & Matzarakis, 2015; 
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Lin, & Tsai, 2017).  Previous research revealed that there is a higher effect 
of larger temperatures in an urbanised area as compared to surrounding 
areas that relatively have a larger amount of vegetation (Hashim, Ahmad, 
& Abdullah, 2007). Thus, the contribution of vegetation cover is important 
in reducing the heat in the city.

A mitigation measurement through sustainable development has to 
control the adverse effect of UHIs on the environment. The planning of 
widespread trees and vegetation such as heritage trees for urban landscape 
is one of the effective methods to reduce the effects of formations of UHI 
( Jim, 2004; Senanayake et al., 2013; Jim & Zhang, 2013). Establishment 
of the urban forests for the strategic planting of trees around buildings 
is an excellent sustainable solution for reducing and mitigation of UHI. 
Furthermore, the vegetation itself are able to enhance the air quality to the 
occupant (Akbari et al., 2001).  Among the numerous types of vegetation 
cover, heritage tree has significant environmental implication which 
provides a lot of benefits to the environment and human health (Sreetheran, 
Adnan, & Azuar, 2011). 

Urban Heritage trees were considered at the canopy layer of vegetation 
which are the tree features of heritage tree are old trees (near and over 
100 years), big in size (height, crowd spread and diameter breast height 
(DBH)), high density coverage and evergreen (Jim, 2005). The heritage 
trees are significant because only a few trees can excel under urban stress 
(Jim, 2004). Some of the matured heritage trees are big which contributes 
to a wide range of shading that gives the cooling effect to the outdoor 
environment.  The finding by Abreu-harbich et al., (2015) revealed the 
conceptual evidence of the vegetation parameters on their thermal control 
strategies, the tree species which are dominant on the plagiotropic trunk 
and branching structure, tall, has large coverage and small leaves that are 
a bipinnate type and linear shape contribute to cooling effects. However, 
the empirical evidence of how heritage trees mitigate UHI in urban areas 
are still inexplicit.

Therefore, this study intent to analyse the empirical evidence using 
remote sensing and Geographic Information System (GIS) method at 
Taiping old town. This study aims to measure the vegetation thermal 
comfort parameter based on tree characteristics to determine the internal 
and external factors of heritage trees toward mitigating UHI. The primary 
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data were collected in May and September 2017 while the secondary data 
used for LST generation were obtained from Landsat 8 OLI.

STUDY AREA

Area of interest in this research is within the city ofTaiping, Perak (lat. 
4°51’07”; long.100°44’29”), located about 70 km North of Ipoh and 90 
km south of Penang (Yahaya, 2010). The climate in Taiping town can be 
categorized as tropical rainforest climate in hot-humid climate (Wan Ali, 
Hassan, & Hassan, 2016). 

Figure 1: Malaysia Map (top left) and Taiping District (bottom left) with the 
Site Area for Measurement Heritage Tree Characteristics at Taiping, Perak.

As compared to the average annual rainfall between Peninsula and 
Taiping town, the average rainfall in Taiping is about 3000mm while 2000 
mm-2500 mm for Peninsula’s average. The range of temperature at Taiping 
is 24ºC -34ºC and the warmest months at Taiping in March until October 
with the average temperature are 31ºC (Climatedata.org). The study area 
were divided into three zones; A, B, and C (see Figure 1) where was selected 
based on the temperature variation of LST distribution map which was 
generated from Landsat 8 OLI image. The study area also selected based 
on the location of heritage trees which mostly covered the streets in Taiping 
old town.
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DATA COLLECTION

Satellite Images

The data used for LST generation were obtained from Landsat 8 OLI 
(30/3/2016) which was downloaded from USGS website. The Landsat 
image was chosen based on limited cloud cover and during summer in 
order to generate stronger warming effect of UHI (Rogan et al., 2013). The 
thermal band in Landsat 8 OLI at band 10 (10.60 μm -11.19 μm) and band 
11 (11.50 μm -12.51 μm) with the spatial resolution 30m  (Department of 
Interior U.S. Geological Survey (USGS), 2016). 

In Situ Data Collection

The data were collected in May 2017 (18 May 2017-22 May 2017) 
and September 2017 (22 September 2017- 25 September 2017) because of 
the range of the warmest months in Taiping. There are three (3) species of 
heritage trees which are Samanea Saman, Pterocarpus Indicus and Swietenia 
Macropylla where were covered in the study area. The tree characteristics, 
such as crown diameter (m), tree height (m), diameter breast height (m), 
tree species, and coordinates of the trees were measured.  The tree heights 
were measured using clinometer which measured the vertical angle and 
horizontal distance (see Figure 2a).

Figure 2: The Tree Height (a) and Crown Diameter (b) Measurement
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Figure 3: The Measurement of DBH of Heritage Tree

The crown diameter measured using tape from the north-south axis and 
east-west axis and calculated using arithmetical mean (Lin & Tsai, 2017) 
(see Figure 2b).  The vertical angle measured from the base of the tree until 
the tip of the tree and diameter of breast height (DBH) were taken using 
tape from 1.4 meters from the ground (Ali et al., 2016) (see Figure 3). The 
coordinates of each heritage tree are also taken using GPS Garmin. All the 
spatial and attribute data of heritage trees characteristics were analysed in 
Geographic Information System (GIS) using ArcGIS software.  

Land Cover Data 

The land cover of the Taiping was extracted from Google Earth 
imagery (Rogan, Ziemer, & Ratick, 2015). The land cover features such as 
buildings, main road, street roads, and lake were digitized into vector data 
which are in polygon for building and lake features and line for the main road 
and streets features. All the digitized features in WGS 84 (World Geodetics 
System 84) Coordinate system were exported into shape file (.shp) data for 
further processed in ArcGIS software.  Land cover data were used in the 
research to determine the external factors of LST distribution at Taiping. 
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METHOD

LST Distribution Generation

The thermal band of Landsat OLI 8 used in LST estimation were 
corrected for radiometric correction to reduce any atmospheric effects in 
images which will influence the analysis results of the research (Vlassova et 
al., 2014). The LST was generated by ERDAS Imaging software using the 
formula. The information of Landsat 8 OLI was downloaded together with 
the images in metadata (.txt) file. The thermal band were first converted, then 
calibrated the digital number to Top of Atmosphere (TOA) spectral radiance 
(Vlassova et al., 2014) using the radiance rescaling factors provided in the 
metadata file. The formula in Equation (1) (Department of Interior U.S. 
Geological Survey (USGS), 2016) used in converting the digital number 
to radiance. 

Where: Lλ= TOA spectral radiance; ML= Radiance MULT Band; 
Qcal=Quantized and calibrated standard product pixel values (DN); AL= 
Radiance ADD Band 

 Then, the spectral radiance converted into planetary reflectance using 
reflectance rescaling coefficients provided in the product metadata file to 
transform brightness temperature in Kelvin (K) that was used in generating 
the distribution of LST. The Equation (2) (Department of Interior U.S. 
Geological Survey (USGS), 2016) used to convert a digital number of 
imagery into TOA reflectance. 

Where: pλ= TOA planetary reflectance, without correction of solar 
angle; Mp= Reflectance MULT Band; Qcal=Quantized and calibrated 
standard product pixel values (DN); Ap= Reflectance ADD Band 

Equation (3) (Department of Interior U.S. Geological Survey (USGS), 
2016) shows the formula of LST to generate the LST distribution from 
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spectral radiance to top of atmosphere brightness temperature using the 
thermal constants provided in the metadata file from Landsat 8 OLI. The 
temperature unit also converted from degree kelvin into degree Celsius.

Where: T= The brightness temperature in kelvin (k); Lλ= TOA spectral 
radiance; K₁= Constant thermal band; K₂= Constant thermal band.

Heritage Tree Inventory

The heritage tree inventory were then been layered with the data 
collected from heritage tree characteristics and land cover features that 
were inserted into ArcGIS software. By using coordinate of heritage trees 
collected from in situ data collection were inserted in GIS database in point 
vector data. Each point of heritage tree included the attribute data showing 
the characteristics of the heritage tree such as crown diameter, tree height, 
DBH, coordinate and the ground temperature which was generated from 
Landsat OLI 8. The heritage tree inventory map was produced. 

RESULTS AND FINDINGS

The result of the research in the map form showing the overlaying of the LST 
distribution map and heritage trees inventory map as shown in Figure 4. The 
result included the LST distribution, heritage trees and land cover of study 
areas. From the result below, the average temperature at Taiping old town 
was 29°C. The map also included the heritage trees spatial data altogether 
with the features of building, road and water bodies. The temperature 
variation shows the high temperatures at the hard surface where the surface 
was covered with the concrete buildings. The temperature at the Lake Garden 
Park is cooler than around the building with the temperature around 25°C 
-27°C compared to the heritage trees planted around the building with the 
temperature around 31°C-34°C.
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Figure 4: Urban Heat Island Map of Taiping

The interpretation from the map in figure 4 shows that the species 
of Samanea saman were planted along the streets at Lake Garden and a 
few of them at compact building (right bottom of the map). Majority of 
the heritage tree species at Taiping such as Pterocarpus indicus which was 
planted along the streets near to the compact buildings altogether with the 
tree species Swietenia macropylla.

Relationship between Crown Spread, Tree Height and DBH

The database of heritage trees consist of 206 trees were surveyed in 
the study area. According to the database, the average of crown diameter is 
21.19m. Meanwhile, the average of tree height is 19.36m and the average 
of DBH is 1.21 m.

Figure 5 shows the relationship between crown diameters, DBH and 
tree height of heritage trees in the study area. From the result shows in Figure 
5(a); the given the regression coefficient (R=0.62) which demonstrated a 
high correlation between crown diameter and DBH of heritage trees in the 
study area. Figure 5(b) shows the relationship between crown diameter 
and tree height which the regression coefficient is (R=0.44) indicated 
the medium relationship between crown diameter and tree height. The 
conclusions from the result of Figure 5 shows the positive linear relationship 
for both DBH and tree height with crown diameter. The hypothesis shows 
the DBH increased with the increasing of crown diameter. Based the result 
from database shows the tree species with the longest DBH and the widest 
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crown diameter are Samanea saman. From the result in figure 4 shows the 
tree species of Samanea saman were mostly planted at Lake Garden which 
showed the low LST recorded in this area.

Figure 5: The Relationship between Crown Diameter Versus DBH (a) and 
Crown Diameter Versus Tree Height

Relationship between Crown Spread and LST

Figure 6 shows the relationship between crown diameter and LST 
in the study area. The regression coefficient (R²=0.243) shows the small 
relationship between the crown diameter of heritage trees and LST in the 
study area. This result indicates the heritage trees which are dominant in 
the vegetation parameter for thermal comfort to the environment were able 
to slightly contribute to the reduction of temperature. This is because the 
modification and ground surface give the high significant in influencing the 
temperature variation (Shahidan, 2011). Furthermore, in order to improve 
cooler temperature to meet the thermal comfort is not easy to control by 
tree characteristics (Lin & Tsai, 2017). They were influenced by various 
external factors in changes of temperature around the heritage trees which 
make it difficult in giving a cooling effect to the environment.
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Figure 6: The Relationship between Crown Spread and LST 

Relationship between Land Cover Features and LST

Based on the result from internal factors of heritage trees in Figure 
6 shows the changes of LST distribution around heritage trees were 
influenced by external factors.  The Figure 7 below shows the land surface 
temperature versus the frequency of heritage trees around the land cover 
features (Leuzinger, Vogt, & Ko, 2010). The histogram shows the most 
heritage trees were planted at the main road of Taiping showing the surface 
temperature around 28°C-29°C. The lower temperature spectrum marks at 
Lake Garden of Taiping with the surface temperature around 26°C-27°C. 
The small frequency of heritage tree planted at compact buildings showed 
the highest surface temperature up to 32°C-34°C.  A non-shaded surface 
like grass area and the bare surface has resulted in the surface temperature 
around 30°C-31°C at Taiping. The result showing the loss of vegetation 
cover could increase the surface temperature at the city. 

Figure 7: The Frequency of Heritage Trees at Land Cover 
Surface at Taiping versus LST Distribution
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The group of trees also play an important role in producing the cooling 
effect in the environment. Even the frequency of heritage trees are higher 
at road and main road than the park, the effect appear from the most lower 
tree crown temperature in the park tree compared to the street trees. As the 
study from Leuzinger et al.,(2010) stated the similar loss of latent heat from 
both park and street trees however because of the higher radiation energy 
flux load  of the surrounding fabric around street trees, the higher reflectance 
of sunlight make the surface temperature become warmer. 

The shade of the mature tree like heritage tree at the hard surface can 
reduce the LST by 6°C by comparing the frequency of heritage trees at 
the main road and compact building. Thus, the loss of mature tree canopy 
cover over the impervious hard surface leads to the increasing of the surface 
temperature and remove the cooling effects of vegetation (Rogan et al., 
2015).

Temperature Profile of Land Cover Features at Taiping Street

The previous section discussed the amount of heritage trees around 
land cover features in the reduction of LST at Taiping area. The detailed 
explanation discussed in this section on the street surface temperature in 
the main city’s routes are recorded and presented. The streets are mapped 
in Figure 8 from google earth and the characteristics of the streets are 
tabulated in Table 1.

Table 1: Taiping Street Characteristics
Colour Street Name Length (meter)

Red Jalan Istana Larut 1180
Purple Jalan Panglima Ah Chong, Jalan 

Chung Thye pin,Jalan Sultan 
Abdullah (Taiping City Centre)

978

Blue Jalan Lumba Kuda 1223
Orange Jalan Muzium 903
Yellow Jalan Muzium Hulu 933
Green Jalan Taman Tasik 1991
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Figure 8: Taiping Street Temperature Plan

Taiping street temperature profiles were presented in corresponding 
Figure 9 until Figure 14 below. All streets indicated that there is a 
temperature increment when the area covered with the hard surface or 
impervious surface materials such as buildings. On the other hand, the land 
surface covered with the heritage trees and urban trees showing temperature 
decreases compared with the buildings features. The highest temperature 
profile was recorded at Jalan Panglima Ah Chong, Jalan Chung Thye Pin 
and Jalan Sultan Abdullah (Figure 10) which were located at Taiping city 
centre. The land cover features of these areas were covered with buildings 
and asphalt surface. In contrast, the lowest temperature profile was recorded 
at Jalan Taman Tasik (Figure 14) which is located at Lake Garden  Taiping. 
This area was covered with the natural features such as heritage trees, urban 
trees, water bodies, and several buildings.  The temperature difference takes 
the maximum values almost 5.3°C for both temperature profiles.

Figure 9: Jalan Istana Larut Temperature Profile
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Figure 10: Jalan Panglima Ah Chong, Jalan Chung Thye Pin, 
Jalan Sultan Abdullah Temperature Profile

Figure 11: Jalan Lumba Kuda Temperature Profile

Figure 12: Jalan Muzium Temperature Profile
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Figure 13: Jalan Muzium Hulu Temperature Profile

Figure 14: Jalan Taman Tasik Temperature Profile

Based on the result of street temperature profile, the land cover features 
play an important role in the changes of surface temperature from heritage 
trees. The surface temperature of heritage trees around man-made features 
could not give the maximum cooling effect to the surrounding environment 
because the materials content lower albedo values. However, the extensive 
shading of group heritage trees over man-made features such as street road 
could lower the surface temperature due to the prevention of solar radiation 
penetration from reaching the land surface. On the other hand, the higher 
amount of heritage trees produce higher evapotranspiration process that 
could reduce the surface temperature. Therefore, it is important to keep 
the mature trees such as heritage trees at the hard surface or impervious 
surface features such as man-made features in order to maintain the surface 
temperature and cooling effects.
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CONCLUSION

The conclusion of the research shows the urban heritage tree temperature 
depends on the tree characteristics, the group number of the trees and 
other trails of external factors such as canopy architecture around heritage 
trees. Based on the research findings, it was discovered the higher group of 
heritage trees contribute to a higher reduction of LST. The result discovered 
the reduction of LST by 6°C at the main road represent the higher group 
number of heritage trees compared individual heritage trees planted at 
compact building. Thus, the group number heritage trees were able to give 
the cooling effect to the environment although the external factors can 
contribute to the raising of temperature and removing the cooling effect at 
urban area. Furthermore, to improve outdoor thermal comfort also requires 
the appropriate urban design. The tree species dominates in vegetation 
parameter for cooling effect should be planted at the hard surface which 
could improve the thermal comfort of the outdoor space. 
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INTRODUCTION 

The demand for housing continues expanding due to the increasing numbers 
of worldwide population in the improvement of better quality of life and 
rapid modernization (Fazdliel, Wira, Radzi and Ilias, 2014). In the Malaysian 
context, Nazirah, Nor’Aini and Ayma (2013) mentioned, the demand for 
housing is expected to be more than 30 million in 2020 due to urbanization. 
However, the demand for green housing development and services are quite 
low due to the high cost compared to conventional products. Generally, 
the conventional house produces 10 to 30 tons of CO2 emission a year 
and it contributes to weather change disasters (Ezanee and Chong, 2015). 
Besides,  urbanization leads to various problems to the environment that 
include destruction of flora and fauna, air pollution, water insufficiency and 
deterioration of ecological system due to uncontrolled development (Kai, 
Ta and Hui, 2013; Nazirah, Nor’Aini and Hanizam, 2012). Therefore, it is 
important for housing industry sectors to move and balance environmental 
impacts by producing green housing (Ezanee and Chong, 2015). In line 
with rapid development, the Malaysian government emphasis is on housing 
provision to be developed in a sustainable manner introducing green policy 
and green rating system as a guideline for green development (Fazdliel, 
Wira, Ilias and Radzi, 2013; Nazirah et al., 2012). 

Currently, the Malaysian government had introduced Green Building 
Index (GBI) as green rating system. GBI Report 2018, from 301 GBI for 
residential construction are registered, only 43% or 181 are awarded green 
certificate (GBI, 2018). Similar trend is shown in 2017 and 2016, therefore 
this shows the percentages of residential building awarded with GBI 
certificate is still low. However, the application of green housing concept 
is still at a moderate level where the houses built do not comply with the 
requirement and principles of Malaysian green buildings rating systems 
(Ezanee and Chong, 2015; Fazdliel et al., 2014; Myeda, Kamaruzzaman, 
Zaid and Fong, 2016; Nazirah et al., 2012). 

In addition, the implementation of green housing are facing barriers  
in terms of budget constraints (Kai et al., 2013; Samari et al., 2013; Shari 
and Soebarto, 2012), lack of knowledge and information (Chua, Naziaty 
and Hazreena, 2013;Nadzirah and Carmen, 2015) and lack of enforcement 
by government (Nazirah et al., 2013; Shen, Tam, Tam and Ji, 2010). 
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Despite facing various obstacles, Nazirah (2010) stated, some developers 
have successfully and willing to transform towards green development by 
replacing these barriers. 

Therefore, this research aims to explore the enabling factors for green 
building development in housing projects by focusing on five (5) enabling 
factors: Institutional, Technology, Knowledge, Internal Action and Market 
Influence. The purpose of this research is to determine the significant 
enabling factors being considered by developers in developing green 
housing project. This is in line with Nazirah et al., (2013) statement that, 
developing enablers for green housing is one of the key steps in creating 
an encompassing perspective of the construction sector. The significant 
enabling factors are suggested based on the findings of the data collection. 

LITERATURE REVIEW

Sustainable and Green Housing 

The development in past decades had used conventional methods that 
led to huge environmental issues where the trend of using concrete as a 
structural material are commonly adopted in urban housing in Malaysia that 
clearly contribute to the rapidly increasing carbon emission (Abu Hassan, 
Mahyuddin, Mazlina and Aulina, 2010; Nazirah et al., 2013). Therefore, the 
initiative by a worldwide community to mitigate environmental destruction 
is by introducing sustainable development. In 1987, the World Commission 
on Environment and Development (WCED, 1987) published ‘Brundtland 
Report’ where Brundtland Commission defined sustainable development 
as “development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs”. It comprised of 
two key concepts (WCED, 1987): 

1. The concept of “needs” is referred to the priority of world's poor 
2. The idea of limitations imposed by the state of technology and social 

organization on the environment's ability with the goal to meet present 
and future needs
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Sustainable development is the protection of the world which is not 
specific on conserving the environment but also to fulfill the needs of future 
generations and other living organisms by reflecting the three (3) pillars of 
sustainable development: social, economy and environment. These three 
(3) elements must be integrated to achieve the concept of sustainability as 
follow (Fazdliel et al., 2013, 2014; Mahoney and Potter, 2004; Nabila and 
Mariana, 2012):

Figure 1: Concept of Sustainable Development
Source: Report of the World Commission on Environment and
Development: Our Common Future (WCED, 1987)

Apart from that, when discussing sustainability and the environment, 
it specifically reflects the development where implementation of green 
development is one of the initiatives to realize the sustainable development. 
Jamilus, Ismail and Aftab (2013); Nazirah et al., (2012); Wenxin et al., 
(2017) mentioned, green is one of the best plan towards sustainability 
where green building is defined as a building that improves the valuable 
natural resources, significant operational saving and creates a healthier built 
environmental for users with better living.  

Therefore, green housing is one of the strategies to achieve 
sustainability where, every phase in developing green development process 
should incorporate environmental consideration where green housing is the 
best concept to attract buyers where it is one of the drafts of sustainable 
development  (Nazirah et al., 2012). Green housing is able to contribute 
to minimizing climate change, reducing the need for physical resources, 
decreasing contamination, enhancing air quality and health, reducing water 
demand, diminishing waste and land degradation (Hassan et al., 2010). 
Meanwhile, green housing is a building built in a superior quality that has 
access to green space, close to good public transport, using design techniques 
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to increase energy efficiency, provide facilities that are able to promote 
social contact and have clean and safe residential environment (Nazirah et 
al., 2012). Nowadays, the certification of green building can be achieved 
through Malaysian green building rating system which is Green Building 
Index (GBI) that is a certification body that is able to decide if a building 
fulfills the criteria of a green building or otherwise.

In addition, the Malaysian government had enforced National Housing 
Policy (NHP) as a goal to enhance sustainability and quality of life by 
providing adequate, comfortable, quality and affordable housing (NHP, 
2016). Under Thrust 5 in NHP had elaborated regarding on the policy of 
green housing development as follow; 

1. Increase the use of new technologies, innovation and provision of 
environmental-friendly housing. 

2. Improving research and development (R&D) efforts in the housing 
sector.

3. Encourage urban renewal and redevelopment of old buildings in line 
with the Government’s objective for conservation and preservation 
purposes.

Enabling Factors for Green Housing Projects 

In developing sustainable development countries, there are two – 
dimensional approaches that are required. Firstly is to create a fit and feasible 
neighborhood development and second is to ensure having demands for 
sustainable development (Plessis, 2007). Therefore, identifying of enabling 
factors is foremost to overall improvement. Plessis (2007) stated, these 
enabling factors are focused on enhancing development at a micro level 
which eventually affects the macro level.

Each enabling factor has a role to play in order to create green housing 
as discussed below: 

Institutional 
Government is an institution who has a major influence on the 

innovation of government legislation and brings a major impact to the 
successful Malaysian green development industry (Diyana and Nazirah, 
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2013; Fazdliel et al., 2013; Nazirah, 2010; Nazirah et al., 2012; Shen et 
al., 2010). In order to preserve the environment without waiving the need 
for future generation, the Malaysian government had introduced green 
policies and regulation related to environmental preservation toward 
green development. Here, the government is responsible for enforcing 
revising legislation and introducing various incentives as to encourage 
involvement in green development (Nazirah et al., 2012; Tan, Shen and 
Yao, 2011). Therefore, Loo (2015); Pervez et al., (2017); Suhaida, Tan, and 
Leong (2013) mentioned, the government had introduced National Green 
Technology Policy (NGTP 2009) as a green policy towards green technology 
that aimed to enhance national economic growth, promoting sustainability, 
low carbon technology and preservation of the natural environment. 
Furthermore, housing industry has contributed towards sustainability 
with the involvement of National Housing Policy (NHP) in introducing 
Sustainability of the Housing Sector under thrust 5 of NHP as to increase 
the use of new technologies, innovation and provision of environmental-
friendly housing, to improve research and development (R&D) efforts in 
the housing sector and to encourage urban renewal and redevelopment of 
old buildings (NHP, 2016). 

Apart from the government, the contribution of Malaysian Institute 
of Architects (PAM) and Association of Consulting Engineers Malaysia 
(ACEM) have shown their interest on the needs of green practice by 
introducing Green Building Index (GBI) on 2009 as Malaysian green 
building rating systems (Ashraf and Nurhayati, 2013; Sood, Chua and 
Peng, 2011; Zuhairi et al., 2014). GBI established based on 6 key criteria 
as guidelines to achieve green building awards which are; energy efficiency, 
indoor environmental quality, sustainable site planning and management, 
material and resources, water efficiency and innovation. (Aliagha, Maizon, 
Afeez and Kherun, 2013; Jamilus et al., 2013; Nazirah et al., 2012; Samari 
et al., 2013). 

Other than that, the government had introduced financial instrument as 
a financial initiative to encourage and support developers such as incentives, 
subsidies, tax exemption and rebates  (Nazirah et al., 2012; Samari et al., 
2013). Therefore, the government has provided financing scheme under 
Green Technology Financing Scheme (GTFS) for companies that supply 
green technology by covering up to 2% of the loan interest rate and 
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provides a guarantee of 60% on the financing (Fazdliel et al., 2013, 2014; 
Nor Suzila, Asmalia and Nik, 2016; Samari et al., 2013).  Furthermore, the 
government also has taken action by offering incentives for tax exemption 
to developments that had adopted energy efficiency and renewable energy 
(KeTTHA, 2009). 

Technology 
The rapid technological development in the world has driven Malaysia 

to be a more technology based government where Nazirah et al., (2012) 
contended, technology is an application of scientific knowledge where 
it referred to the product-based element that applied in the project like 
equipment, materials, process and physical solution. In point of fact, the 
technology of green housing should be more powerful in terms of energy 
consumption, design, water saving and others. However, the acceptance 
of new technology in construction is slow in the beginning due to lack of 
confidence, high cost and limited expertise (Fazdliel et al., 2014; Nazirah 
et al., 2012). According to Nazirah et al., (2013), technologies are divided 
into two which are hard technologies (i.e: equipment and materials, 
physical infrastructure solutions) and soft technologies (i.e: to support the 
development process: adequate systems). Technology factors provided 
an adequate knowledge base and technical capacity for stakeholder that 
commonly gave impact to the implementation of green development 
(Plessis, 2007). 

Knowledge 
The green development can be more effectively implemented when 

emphasizing education and training on green development (Suzila et 
al., 2016). Indeed, the knowledge can be discovered from databases, 
benchmarks, guidelines, manuals and handbooks plus the knowledge of 
green development can enhance the level of understanding and provide 
guidelines to certain activities (Nazirah et al., 2013). Furthermore, Nazirah 
et al., (2012) argued, the knowledge from the top management itself should 
be developed then extend to the organization level as ways to deliver new 
knowledge. The knowledge and information will also be gained from the 
involvement of universities and research institute. The lack of knowledge 
and expertise are obstacles in implementing green building development. 
However, these involvements able in promoting and increasing awareness 
among construction players as to fill the gap of knowledge in green building 
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by introducing new rating systems, guidelines, introducing construction-
related courses, sponsoring education programs, new technology and 
distribute them in the conferences, reports and seminars (Durmus-Pedini 
and Ashuri, 2010; Nazirah et al., 2012). 

Internal Action 
An Internal action is an action within own organizations as to encourage 

green development  (Nazirah et al., 2013). Internal action is separated by 
three (3); interest & commitment, policies & management and resources 
& capability. First, an internal action can be encouraged through public 
awareness as an initial way where Nazirah et al., (2013) notify, the growing 
interest and commitment among the construction players will force policies 
and regulation on green development to be created. Here, the availability 
of this awareness towards green development, can foster the interest of 
construction players that are commonly available as providing information to 
the public, a team of building designer, stakeholders and construction team 
related to the green features of the building (Suzila et al., 2016). In short, 
the green development will be successfully implemented when there is an 
interest and people’s commitment, policies and management. When there 
are interest and policy, the organization of the company itself should play 
their roles in an effort towards green development (Nazirah et al., 2013). 

However, the policies formed should be based on the green guidelines 
and principles that are suitable with the management and priorities of 
the companies. Additionally, resources and capabilities are two (2) types 
of business assets within an organization where, resources is referred to 
the assets of company (money, materials, employee and assets) while 
capabilities are inclined to be focused on skills or ideas that are achievable 
in a business (Nazirah et al., 2013).  In a nutshell, the resources of the 
company will reflect the capability of the teams to produce profitability 
and viability projects.

Market Influence 
Market influence is referring to the demand of the buyers where the 

commercial viability will push the developers to produce green housing 
projects (Nazirah et al., 2013). Nazirah et al., (2012) mentioned greater 
demand side which includes the clients, buyers and users, will improve 
practice initiatives, good relationships with supply side and consequently, 
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the delivery of green development will be improved. Furthermore, there 
are some factors affecting the market demand in Malaysia especially 
the intangible factors, where it will affect the demand of housing such 
as location, external and internal environment, ambience, accessibility, 
materials and finishes (as part of green building principles) are perceived 
as added qualities to increase the value of housing and to attract the client’s 
interest (Nazirah et al., 2013, 2012). 

The increasing housing demand will reflect the rapid development of 
the housing industry that depends on the market condition and economic 
flow. Here, market influence refers to the market value that is affected 
by the client’s demand (Diyana and Nazirah, 2013; Nazirah et al., 2013). 
Concisely, without the demand, the transformation of green development 
will be difficult to be realized.

METHODOLOGY

 An explanatory research approach was conducted to achieve the aim of the 
research which was to gauge the enabling factors considered by developers 
in developing green housing projects. This research applied quantitative 
technique through questionnaire survey (close–ended questionnaire). 

The targeted population was developers that had awarded projects 
under GBI within Kuala Lumpur and Selangor. The selection of these two 
(2) areas was based on the availability of GBI developers’ main office in 
these areas (Nazirah et al., 2013). This research applied purposive sampling 
method in obtaining data where purposive sampling is defined as the total 
population that had produced the well-matched groups (Singh, 2006). 
This means, these targeted population was adopted as a sample size of 
the research. In addition, the sample for this research was selected using 
some criterion which is considered as important for the research (Singh, 
2006). Therefore, there were two (2) samples' criteria in this research; (a) 
the developers that had been awarded green housing projects under Green 
Building Index (GBI) rating system and (b) the GBI green housing certified 
in the area of Kuala Lumpur and Selangor only. Before conducting the 
actual survey, 25 respondents were selected in conducting a pilot study for 
reliability test and validity test. 
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Therefore, the total respondents were 86 developers and the 
questionnaires were distributed to the selected developers that had been 
awarded green housing certificate within Kuala Lumpur and Selangor. 
With the total of 86 respondents, which are the total sample of research, 
the questionnaires were disctributed. However, only 55 questionnaires 
gave practical responses which contribute to about 64% of response rate. In 
analysing and evaluating the results of survey, the quantitative approaches 
were used. Quantitative data was obtained through structural questions 
involving Likert’s Scale questions type contained in structured questionnaire 
form were analysed by using the Statistical Package for the Social Sciences 
(SPSS) software through Confirmatory Factor Analysis (CFA) technique. 
Comrey (1973); Winter, Wieringa, and Dodou (2009) noted, sample size 
of 50 were reasonable and absolutely the minimum and adequate to run 
factor analysis. 

RESULTS AND DISCUSSIONS

The Significant Enabling Factors 

The significant enabling factors were analyzed by considering the 
Reliability Analysis (RA) and Confirmatory Factor Analysis (CFA) where 
the RA was used to test the reliability of instrumentation while CFA was 
analyzed in determining significant enabling factors. Therefore, the findings 
revealed, all selected items were suitable and reliable as generated via 
Reliability Analysis (RA). The recorded Cronbach‘s Alpha values were 
0.782 which is acceptable due to more than 0.70 (Sekaran, 2003). 

Based on the CFA output, the value of Kaiser-Meyer-Olkin (KMO), 
Bartlett’s test, Measures of Sampling Adequacy (MSA) and Communalities 
Value (CV) were analyzed. Here, the result of Kaiser-Meyer-Olkin (KMO) 
value are 0.568 and p. value of Bartlett’s test are highly significant with 0.000 
values where, Field (2005) recommends, KMO values more than 0.5 (>0.5) 
are acceptable and p value (significance) is less than 0.001 are concluded as 
appropriate. Hence, the CFA is considered as appropriate techniques for the 
further analysis of data. In terms of Measures of Sampling Adequacy (MSA) 
value and Communalities Value, it should be more than 0.500 (Dillon and 
Goldstein, 1984; Field, 2005) where the findings of enabling factors are, 
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there are 16 out of 30 variables are more than 0.5 of MSA value with all 
variables are more than 0.5 in Communalities Value (CV) which only 16 
variables are significant and the rest should be taken out and deleted from 
representing as significant enabling factors being considered by developers 
in developing green housing projects. With regards to enabling factors, five 
(5) main enabling factors to consist of sub factors and attributes were tested. 
The results of the findings can be summarized in Table 1. 

Overall, these 16 attributes achieved the value of MSA with more 
than 0.5 namely; The authority of government (0.526), Enforcement of 
the acts and regulations (0.552), The importance of technology (0.532), 
Better technology (0.519), Importance of soft skill (0.704), Support from 
educational sectors (0.542), Exposition to knowledge (0.697), Availability 
of organization (0.669), Growing awareness (0.700), Experts’ commitment 
(0.766), Projection of green management (0.727), Development of 
companies policy (0.753), Importance of developers (0.685), Importance of 
resources and capabilities (0.543), Organization system (0.644) and lastly, 
Customers' attraction (0.500). Supported by Dillon and Goldstein (1984); 
Thuraiya et al. (2016), the strong relationship showed the model was fit 
and significant.

Table 1: Significant Enabling Factors Being Considered by Developers in 
Developing Green Housing Projects 
Enabling Factors MSA

Institutional

Government 
Support

The authority of 
government

0.526

Regulations and 
guidelines

Deleted

Enforcement of the 
acts and regulations

0.552

Review of policies 
and regulation

Deleted

Professional 
Bodies

NGOs involvement Deleted
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Introduction of  GBI 
benchmarking

Deleted

Introduction of 
master planning

Deleted

Financial 
Institution

Financial support Deleted

Introduction of 
financial scheme

Deleted

Maximize 
profitability

Deleted

Affordability Deleted

Technology Green Technology

The importance of 
technology

0.532

Better technology 0.519
Level of technology 
skills

Deleted

Knowledge

Knowledge 
Improvement

Power of knowledge Deleted
Importance of soft 
skill

0.704

Involvement from 
Universities and 

Research Institute

Support from 
educational sectors

0.542

Exposition to 
knowledge

0.697

Internal Action

Interest and 
Commitment

Availability of 
organization

0.669

Growing of 
awareness

0.700

Experts’ 
commitment

0.766

Policies and 
Management

Projection of green 
management

0.727

Development of 
companies policy

0.753

Resources and 
Capability

Importance of 
developers

0.685
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Importance of 
resources and 
capabilities

0.543

Companies 
priorities

Deleted

Organization 
system

0.644

Market 
Influence

Demand Commercialize of 
green housing

Deleted

Customers' 
attraction

0.500

Market demand Deleted

Hence, the government and professional bodies have the power in 
enforcing the law and policies regarding green policy and green technology 
policy in order to prompt and preserve the natural environment. While, in 
terms of financial incentives under GTFS revealed, GTFS was not offered 
to green housing where, it only opened to Office, Shopping Complex, 
Hospital & Clinic, Hotel and Resort, University and Research Institution, 
Exhibition Hall and School (MGTC, 2017a). However, on 9 June 2017, 
GTFS was no longer offered financial incentives where the GTFS Technical 
Committee decided, they will no longer accept new application for Green 
Project Certificate until further notice (MGTC, 2017b). The technology 
and knowledge enabling factors contributed to the development of green 
housing where, the availability of green technology, skilled and sources 
of knowledge were important in making the effort toward sustainable and 
green development.  Moreover, the awareness among developers and design 
team regarding the benefit of green technology elements in their design and 
strong support system from the government towards increasing greener 
housing development should be emphasized. In addition, in order to create 
awareness and understanding on the benefits of green housing, the public 
need to gain more knowledge and input on green development.

CONCLUSION

By developing comprehensive significant enabling factors being considered 
by developers in developing green housing projects, hopefully, the 
performance of green housing implementation is not an issue anymore and 



112

Malaysian Journal of Sustainable Environment

the barriers are able to be mitigated. Those 16 significant enabling factors 
(the authority of government, enforcement of the acts and regulations, 
the importance of technology, better technology, importance of soft skill, 
support from educational sectors, exposition to knowledge, availability 
of organization, growing  awareness, experts’ commitment, projection 
of green management, development of companies policy, importance of 
developers, importance of resources and capabilities, organization system 
and lastly, customers' attraction) could be applied to the future of green 
building implementation where the power of authority and organization 
of companies should be emphasized in realizing sustainable development. 
However, for future research, it is essential for research to be conducted 
involving developers throughout Malaysia to attract more industry players 
to go greener in their construction industry portfolio. Here, future research 
should expand the scope of the area throughout Malaysia in order to obtain 
more significant variables with the adequate sample. In short, it was worth 
to demonstrate in the future, whether the enabling factors being considered 
by developers in developing green housing project were significant or not 
significant.

ACKNOWLEDGEMENT

The authors wish to acknowledge and express their appreciation to Universiti 
Teknologi MARA.

REFERENCES

Aliagha, G. U., Maizon, H., Afeez, O. S., & Kherun, N. A. (2013). Review 
of Green Building Demand Factors for Malaysia. Journal	of	Energy	
Technologies	and	Policy,	3(11), 471–478. Retrieved from http://www.
iiste.org/Journals/index.php/JETP/article/view/8596

Ashraf, M. F., & Nurhayati, A. M. (2013). Green Building Assessment 
Tools: Evaluating different tools for green roof system. International	
Journal	of	Education	and	Research,	1(11).



113

Enabling Factors for Green Housing Projects 

Chua, F. Y., Naziaty, M. Y., & Hazreena, H. (2013). Achieving Sustainable 
Development: Accessibility of Green Buildings in Malaysia. Procedia	-	
Social	and	Behavioral	Sciences,	101, 120–129. https://doi.org/10.1016/j.
sbspro.2013.07.185

Comrey, A. L. (1973). A	 First	Course	 in	Factor	Analysis. New York: 
Academic.

Dillon, W. R., & Goldstein, M. (1984). Multivariate	Analysis	Methods	and	
Applications. United State of America: John Wiley & Sons, Inc.

Diyana, A. N., & Nazirah, Z. A. (2013). Motivation and Expectation of 
Developers on Green Construction: A Conceptual View. International	
Journal	of	Social,	Behavioral,	Educational,	Economic,	Business	and	
Industry	Engineering,	7(4), 247–251. https://doi.org/10.1007/s13398-
014-0173-7.2

Durmus-Pedini, A., & Ashuri, B. (2010). An	Overview	of	the	Benefits	and	
Risk	Factors	of	Going	Green	in	Existing	Buildings. International Journal 
of Facility. Retrieved from https://community.ifma.org/cfs-file/__key/
telligent-evolution-components-attachments/13-465-00-00-01-05-75-
18/2010_5F00_An-Overview-of-the-Benefits-and-Risk-Factors-of-
Going-Green-in-Existing-Buildings_5F00_Article.pdf

Env Dev Malaysia. (2010). Putrajaya,	Cyberjaya	 to	Go	Green	ASAP!	
Environmental	Development	in	Malaysia. Retrieved March 18, 2017, 
from https://envdevmalaysia.wordpress.com/2010/01/26/putrajaya-
cyberjaya-to-go-green-asap/

Ezanee, M. E., & Chong, K. L. (2015). The Empirical Study of Green 
Buildings (residential) Implementation: Perspective of House 
Developers. Procedia	Environmental	Sciences,	28, 708–716. https://
doi.org/10.1016/j.proenv.2015.07.083

Fazdliel, A. I., Wira, M. M. S., Ilias, S., & Radzi, I. (2013). Malaysian 
Housing Developers’ Readiness in Green Homes Development. ARPN 
Journal	of	Engineering	and	Applied	Sciences,	28(3), 343. https://doi.
org/10.5829/idosi.wasj.2013.28.03.13798



114

Malaysian Journal of Sustainable Environment

Fazdliel, A. I., Wira, M. M. S., Radzi, I., & Ilias, S. (2014). Green Homes 
Development: Factors Affecting Housing Developers’ Readiness. ARPN 
Journal	of	Engineering	and	Applied	Sciences,	9(6), 971–980.

Field, A. (2005). Discovering	Statistic	using	SPSS (Second Edi). London: 
Sage Publication. https://doi.org/10.1016/B978-0-444-52272-6.00519-5

Hassan, A. A. B., Mahyuddin, R., Mazlina, J., & Aulina, A. (2010). 
Awareness Assessment Framework for Implementing the Sustainable 
Housing in Malaysia. Asian	Journal	of	Management	Research, (2000), 
703–713.

Jamilus, M. H., Ismail, A. R., & Aftab, H. M. (2013). The Way forward in 
Sustainable Construction: Issues and challenges.	International	Journal	
of	Advances	in	Applied	Sciences,	2(1), 15–24.

Kai, C. G., Ta, W. S., & Hui, H. G. (2013a). Challenges of Implementing 
Sustainability in Malaysia Housing Industry. Retrieved from http://
eprints.uthm.edu.my/3964/1/SBE2013__Kcgoh.pdf

Kai, C. G., Ta, W. S., & Hui, H. G. (2013b). Challenges of Implementing 
Sustainability in Malaysian Housing Industry.

KeTTHA. (2009). Fiscal Incentives. Retrieved from http://www.kettha.
gov.my/portal/index.php?r=kandungan/index&menu1_id=2&menu2_
id=81&menu3_id=131#

Loo, T. G. (2015). Implementation of Green Technology Policy in Malaysia. 
In UN	Climate	Change	Conference	Paris. Ministry of Energy, Green 
Technology and Water.

Mahoney, M., & Potter, J.-L. (2004). Integrating Health Impact Assessment 
into the Triple Bottom Line Concept. Environmental	Impact	Assessment	
Review,	24(2), 151–160. https://doi.org/10.1016/j.eiar.2003.10.005

MGTC. (2017a). Criteria for Building and Township Sector: Green 
Technology Financing Scheme (GTFS). Retrieved December 6, 2017, 
from https://www.gtfs.my/page/criteria-building-and-township-sector.



115

Enabling Factors for Green Housing Projects 

MGTC. (2017b). Green Tech Financing Scheme to Continue with RM5bil 
Funding: Green Technology Financing Scheme (GTFS). Retrieved 
December 6, 2017, from http://www.gtfs.my/news/green-tech-
financing-scheme-continue-rm5bil-funding-0.

Myeda, N. E., Kamaruzzaman, S. N., Zaid, S. M., & Fong, Y. P. (2016). 
Sustainable Housing: Demographic analysis of customers’. Journal	of	
Building	Performance,	7(1), 116–124.

Nabila, N. A. A., & Mariana, M. O. (2012). Local Agenda 21: Action plan 
for Sustainable Development - Case study of Shah Alam. In Seminar 
Proceeding, UMRAN2012:	GREEN	WAVE,	KAED,	IIUM	LOCAL.

Nadzirah, Z., & Carmen, T. Y. M. (2015). An Insight of Sustainable 
Development a Study among Construction Pprofessional in Malaysia. 
International	 Journal	 of	Current	Research	 and	Academic	Review, 
(2), 56–64. Retrieved from http://www.ijcrar.com/special/2/Nadzirah 
Zainordin and Carmen Tan Yee Mei.pdf.

Nazirah, Z. A. (2010). Investigating the Awareness and Application of 
Sustainable Construction Concept by Malaysian developers. Habitat	
International,	34, 421–426.

Nazirah, Z. A., Nor’Aini, Y., & Ayman, A. . O. (2013). Enablers and 
Challenges of a Sustainable Housing Industry in Malaysia. Construction	
Innovation:	Information,	Process,	Management,	13(1), 10–25. https://
doi.org/10.1108/14714171311296039

Nazirah, Z. A., Nor’Aini, Y., & Hanizam, A. (2012). A Foresight into Green 
Housing Industry in Malaysia. International	Journal	of	Environmental,	
Chemical,	Ecological,	Geolgical	and	Geophysical,	6(7), 55–63.

NHP. (2016). National Housing Policy.

Pervez, H. S., Nursyarizal, M. N., Anwer, A. S., Perumal, N., Irraivan, E., 
& Shaikh, M. . (2017). Building Energy for Sustainable Development 
in Malaysia: A review. Renewable	and	Sustainable	Energy	Reviews,	
75, 1392–1403. https://doi.org/10.1016/j.rser.2016.11.128.



116

Malaysian Journal of Sustainable Environment

Plessis, C. Du. (2007). A Strategic Framework for Sustainable 
Construction in Developing Countries. Construction	Management	
and	Economics. Retrieved from http://www.tandfonline.com/doi/
abs/10.1080/01446190600601313

Samari, M., Godrati, N., Esmaeilifar, R., Olfat, P., & Wira, M. M. S. (2013). 
The Investigation of the Barriers in Developing Green Building in 
Malaysia. Modern	Applied	Science,	7(2), 1–10. https://doi.org/10.5539/
mas.v7n2p1

Sekaran, U. (2003). Research	Methods	 for	 Business:	A	 Skill-building	
Approach (4th editio). USA: John Wiley & Sons, Inc.

Shari, Z., & Soebarto, V. . (2012). Delivering Sustainable Building Strategies 
in Malaysia: Stakeholders ’ Barriers and Aspirations. Alam	Cipta,	5(2), 
3–11.

Shen, L., Tam, V. W. Y., Tam, L., & Ji, Y. (2010). Project Feasibility Study: 
the Key to Successful Implementation of Sustainable and Socially 
Responsible Construction Management Practice. Journal	of	Cleaner	
Production,	18, 254–259.

Singh, Y. K. (2006). Fundamental	of	Research	Methodology	and	Statistics.	
New Age International (P) Limited, Publishers.

Sood, S., Chua, D., & Peng, D. (2011). Sustainable	Development	in	the	
Building	Sector:	Green	Building	Framework	in	Malaysia. ST-8:Best 
Practice & SD in.

Suhaida, M. S., Tan, K. L., & Leong, Y. P. (2013). Green Buildings in 
Malaysia Towards Greener Environment: Challenges for Policy Makers. 
In 4th	International	Conference	on	Energy	and	Environment	2013 (ICEE 
2013) (pp. 1–4). IOP Conf. Series: Earth and Environmental Science 
16 (2013) 012121. https://doi.org/10.1088/1755-1315/16/1/012121



117

Enabling Factors for Green Housing Projects 

Suzila, N. L., Asmalia, C. A., & Nik, A. D. N. Z. (2016). The Implementation 
of Green Building in Malaysian Construction Industry: Determination 
of Key Success Factors. Malaysian	Journal	of	Sustainable	Environment,	
1(2), 64–79.

Tan, Y., Shen, L., & Yao, H. (2011). Sustainable Construction Practice 
and Contractors’ Competitiveness: A preliminary Study. Habitat	
International,	35, 225–230.

Thuraiya, M., Haizam, M. M. S., Siti, F. C. P., Nasurudin, M. H., Tajul, E. 
N., & Dzulkarnaen, I. (2016). The Degree of Housing Damage Model 
for a Flood Affected Area. MATEC	Web	of	Conferences, (66). https://
doi.org/10.1051/matecconf/20166600074.

WCED, W. C. on E. and D. (1987). Our	Common	Future:	Report	 of	
the	World	Commission	 on	Environment	 and	Development. United 
Nations Commission. Oxford: Oxford University Press. https://doi.
org/10.1080/07488008808408783.

Wenxin, S., Wenzhe, T., Siripanan, A., Zhen, L., Duffield, C. F., Wilson, 
Aliagha, G. U., Maizon, H., Afeez, O. S., & Kherun, N. A. (2013). 
Review of Green Building Demand Factors for Malaysia. Journal	of	
Energy	Technologies	and	Policy,	3(11), 471–478. Retrieved from http://
www.iiste.org/Journals/index.php/JETP/article/view/8596. 

D.,Yongping, W. (2017). Critical Success Factors in Thailand’s Green 
Building Industry. Journal	 of	 Asian	Architecture	 and	 Building	
Engineering,	16(2), 317–324.

Winter, J. de, Wieringa, P. A., & Dodou, D. (2009). Exploratory Factor 
Analysis with Small Sample Sizes. Multivariate	Behavioral	Research,	
44(2), 147–181. https://doi.org/10.1080/00273170902794206.

Zuhairi, A. H., Maria, Z. M. Z., Foo, C. H., Syarizal, M. M. N., Farhan, A. 
R., Nurulhuda, M. K., & Mukhtar, C. A. (2014). Towards a National 
Green Buidling Rating System for Malaysia. Malaysian	Construction	
Research	Journal,	14(1).





COMPATIBILITY OF VISIBILITY 
AND HARMONY OF PICTOGRAM
-FOCUS ON RESTROOM MARK-

Iwasaki Yuta1, Matsumoto Yuji2, Andrew I-kang Li3, NAKA Ryusuke4

1Dept.of	Dsign,	Graduate	school	of	Science	and	Technology,	
Kyoto	Institute	of	Technology,	Japan

2Assistant	Prof.,Faculty	of	Prof.	Design	and	Architecture,	
Kyoto	Institute	of	Technology,Ph.D.	,	Japan

3Associate	Prof.	Faculty	of	Design	and	Architecture,	
Kyoto	Institute	of	Technology,,	Ph.D.	,	Japan	
4Prof.,	Faculty	of	Design	and	Architecture,	
Kyoto	Institute	of	Technology,	Ph.D.	,	Japan

E-mail: M8682007@edu.ki.ac.jp 
Received: 6 December 2018

Accepted: 19 December 2018
Published: 31 December 2019

ABSTRACT

In	 recent	 years,	 there	 are	 various	 design	 signs	 to	 guide	 people.	 In	 the	
signature	 "pictogram"	which	 enables	 guidance	without	 using	words	 is	
often	used.	However,	when	looking	into	the	building,	the	signature	using	
the	 pictogram	 is	 given	 its	 own	design	 to	match	with	 the	 indoor	 space,	
and	signs	which	are	difficult	 for	 the	user	 to	understand	are	distributed.	
It	can	be	thought	that	these	pictograms	are	being	redesigned	to	adapt	to	
architecture.	Therefore,	the	research	aimed	for	a	sign	plan	which	is	easy	
for	users	to	understand,	and	thought	that	standard	pictograms	harmonizing	
with	various	buildings	are	necessary.	Visibility	is	important	for	pictograms,	
and	in	this	research,	the	objective	is	to	study	the	conditions	of	pictograms	
that	compatibility	of	visibility	and	harmony.For	reference	to	the	research	
conducted	for	each	generation,	The	author	conducted	an	experiment	using	
the	pictogram	of	the	Japanese	Industrial	Standard	toilet	mark,	which	had	
high	recognition	among	all	generations.	The	author	divide	the	pictograms	
into	pictograms	for	men	and	women	whereby	the	existing	designs	filled	with	
color	and	new	designs	with	only	contour	lines	are	more	harmonious	using	
textures	of	concrete,	brick,	white	wall,	wood	pictograms	were	synthesized.	
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The	author	compared	with	that	pictograms	.	As	a	result,	The	author	received	
responses	that	the	design	of	only	the	outline	of	the	pictogram	for	men	and	
the	pictogram	for	women	is	more	harmonious	in	all	scenes.	Among	them,	
both	male	pictograms	and	female	pictograms	showed	significant	differences	
in	the	two	scenes,	and	a	significant	trend	was	observed	in	the	remaining	
two	scenes.	The	author	conducted		experiments	on	the	width	of	the	contour	
line	using	4	scenes	images	same	as	comparison	and	study	the	pictograms	of	
the	line	widths	with	the	greatest	thickness.	As	a	result,	there	was	not	much	
difference	in	the	width	of	the	width	of	the	contour	line	of	the	pictogram	in	
all	scenes	of	male	pictograms	and	female	pictograms.	The	author	discussed	
the	effect	on	visibility	and	harmony	by	shape	and	color	as	future	prospect.

©	2019MySE,	FSPU,	UiTM	Perak,	All	rights	reserved

Keywords:	Pictograms,	Compatibility,	Harmony

INTRODUCTION

Background and Purpose of Research

In recent years, sign has been positively designed in Japan. For 
example, the 2020 Tokyo Olympic Games, Paralympic Games have been 
devised to make it easier for foreigners and tourists as well as Japanese. 
One of them is changing 7 kinds of pictograms so as to match the pictogram 
of the Japanese Industrial Standard (hereinafter referred to as JIS) and the 
pictogram of the International Organization for Standardization (hereinafter 
referred to as ISO), and 15 new pictograms and help marks are added. 
From this change, it can be seen that pictogram, which is a figure that 
provides information on objects, concepts or states regardless of letters 
and languages [Traffic Ecology Mobility Foundation (2017)] plays an 
important role in communication. Although the number of foreign tourists 
visiting Japan has declined after the Great East Japan Earthquake, due to 
the visit Japan project, which is a visit to Japan promotion business [Japan 
Tourism Agency]  aiming to increase the number of foreign tourists visiting 
Japan. Since foreign tourists visiting Japan are expected to increase in the 
future, the necessity of graphic symbols for guidance using pictograms is 
considered to be increasing. In Japan, the standards are JIS Z 8210 "Public 
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Information Symbols" for the pictograms guide. Public Information 
Symbols is "Everyone can understand even without professional or 
occupational training [JIS Z 8210]" and is "a figure symbolised for guiding 
for unspecified large number of people [JIS Z 8210] ". However, since JIS 
is an arbitrary standard, various other redesigned pictograms are often used. 
For example, you may see only contour line pictograms, angular designs, 
designs like illustration and so forth. From these facts, it can be thought 
that the pictogram of the signature has been redesigned to harmonize with 
the architecture. Although it is easier for users to unify figure symbols. It 
is possible to recognize quickly if the pictogram in any place is the same, 
because everyone can understand as common recognition if signs are 
unified even if race and age are different. Therefore, the author thought that 
a harmonized and unified pictogram is necessary in modern times where 
globalization advances. In this paper, the research aimed to study the design 
of pictogram in harmony with various architectures. So many people can 
understand easily Public Information Symbols.

Current Situation of Pictogram

One research on the current situation of pictograms is [Papers of the 
Kitakami 2002]. In order to clarify the present condition and problems 
of the pictogram and aim for a better pictogram in an easy-to-understand 
manner, we clarified issues to be considered from the five viewpoints of 
representation, visibility, object, aesthetics and standardization. In addition, 
[Torii 2008] conducted a survey on awareness of pictograms by generation. 
Both generations have high awareness of what is seen in public and general 
facilities such as handwashing and telephone, that women are less aware 
of the word pictogram than men and pictograms about elementary school 
transportation. A study by [Ohno 2011] which clarified the difference of the 
present state of pictogram by culture and customs. Regarding the pictogram 
of the toilet, we are clarifying the difference in color and shape between 
Osaka, San Francisco and Seoul.

Understandability of Pictogram

Understandability of pictogram [Shiraishi 2009] is studying the 
influence on visibility, comprehension degree, favorability by coloring 
pictogram. In addition to colored pictograms, research on pictograms of still 
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images and moving pictures is undertaken by [Ono 2016], and proposals 
and usefulness of visual languages constituting still pictograms, moving 
pictograms, and colorized pictograms expressing the meaning of verbs 
from the verification of the methodology to create a new pictogram is 
summarized. In addition, [Kudo 2013] investigated children and students 
with intellectual impairment, studied the conditions of pictograms that were 
easy to understand and considered in an easy-to-understand manner, such 
as adding graphics representing movement to the pictograms or making 
illustrations. It was revealed that there are effective ones that added graphics 
should not be added depending on the installation rate, frequency of eye 
observation, daily frequency of action at the place, and so forth.

Balance of Visibility and Harmony

Not only research on pictograms but also studies on balance between 
visibility and harmony for landscapes were consulted. Studies on what kind 
of design and evaluation will be done by considering landscapes with respect 
to things where visibility is important, such as snow pole and signboard 
pointing to the lane width. [Homma 2013] conducted a study on the visibility 
and the landscape of the signboard in the shopping street. By comparing 
the shape of the signboard and the type of the wall surface, it is shown that 
the shape of the signboard has a greater influence than the type of the wall 
surface, by comparing the degree of conspicuity, the degree of harmony, and 
the appearance. In addition, [Hirasawa 1994] mentioned about snow pole, 
because it is installed for the full year unnecessary at the unnecessary time, 
that it is damaging the road scenery such as nature, suggesting a new type 
snow pole, with weather, day and night and so forth. A comparative study 
was conducted. As a result, it was revealed that the new type of snow pole 
is more visually recognizable and is embedded in the landscape.

COMPARATIVE EXPERIMENT OF PICTOGRAM

Outline of Experiment

The author conducted comparative experiments for 10 male students 
and 10 female students with the indoor space from December 28, 2017 to 
January 10, 2018. The author used the filled with color pictograms and 
only contour line pictograms(FIG. 1) and asked which pictograms are in 
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harmony. In this research, The author used the pictogram of JIS which is 
widely used in Japan, and The author let test subject answer “which is more 
assimilated to the background texture filled with color pictograms or only 
contour line pictograms”.

Figure 1: Filled with Color Pictogram (left) 
only Contour Line Pictogram (right)

Comparative Experiment Method

The author created indoor space Computer Graphics ,which only 
the wall texture was different and the other elements are all the same. The 
author synthesized two kinds of pictograms for men's design and women's 
design which devide filled with color pictograms and only contour line 
pictograms for Computer Graphics of four scenes "concrete", "brick", "white 
wall" and "wood". (Fig. 2) We arranged these images on one display and 
experimented which of the two pictograms harmonized with the texture of 
the wall of the indoor space.

Figure 2: A Comparative Image (Filled with color Pictogram and only 
Contour Line Pictogram)

Comparative Experimental Results

The experimental results are shown in Table 1 and Table 2. The 
numbers in the table are the numbers of people who answered that they are 
more harmonious compared the two pictograms. 
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There were more responses that the only contour line pictograms are 
more harmonious than filled with color pictograms except for the female 
pictogram on which wall texture is "brick".

Table 1: Experimental Result of Male Pictogram
Male Concrete Brick White wall Wood

Filled with color(people) 5 6 8 3
Only contour lines(people) 15 14 12 17

Table 2: Experimental Result of Male Pictogram
Female Concrete Brick White wall Wood

Filled with color(people) 3 11 6 5
Only contour 
lines(people)

17 9 14 15

Analysis of Experimental Results

The author conducted Chi-squared test with the statistically significant 
result obtained in the experiment or with a significance level of 5%. As a 
result, there was a significant difference in "concrete" and "wood" in the 
pictogram for men, and a significant tendency was seen in "bricks". Then, 
in order to correspond to all scenes, The author conducted chi-square test on 
data of experiments of pictograms for all men, and a significant difference 
was observed. In female pictograms, there was a significant difference in 
"concrete" and "wood", and a significant tendency was seen in "white wall". 
Significant differences were also seen in all pictograms for women when all 
the scenes were integrated. From these results it can be said that the only 
contour line pictograms are more harmonically than the pictograms filled 
with color.Therefore, as a next step, we conducted experiments on the width 
of the optimal contour line for only contour line pictograms.
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EXPERIMENT ON LINE WIDTH OF ONLY CONTOUR 
LINE PICTOGRAMS

Outline of Experiment

In order to investigate the influence on visibility and harmony by 
changing the width of the line width of the only contour line pictogram, 
The author conducted experiments using the magnitude estimation method 
(hereinafter referred to as ME method). The author made test subjects answer 
about how easy it is to recognize compared to the standard image and how 
harmonized it is with compared to the standard image.

Magnitude Estimation Method

Magnitude estimation method (ME method) was used as a method for 
finding psychological quantity. "The strength of the physical stimulus and the 
intensity of the sensation caused by it are not necessarily proportional. For 
example, when weighing 100 g and 200 g respectively into two boxes of the 
same appearance, 200 g is physically 100 g. However, the feeling of weight 
when you have it is generally felt more than twice as heavy. [Okamoto 
(2014)] Thus, the ME method is "a physical quantity of stimulation and 
a person against it It is possible to quantify the sensory psychology of 
[Fukuda (2009)] ". This method presents standard stimuli to subjects and 
reports on the extent to which the randomly arranged comparative stimulus 
presented afterwards felt to the standard stimulus, numerically. For example, 
R = kSn (R: psychological quantity, S: physical quantity, k: constant, n: 
exponential exponent) and R = kSn (R: psychological quantity, S: physical 
quantity, and k: constant, n: exponent) and the data obtained from the data 
are aggregated and analyzed to calculate the stimulus physical quantity as 
S and the psychological quantity as R it can express and it can clarify how 
people feel, [Fukuda (2009)], [Okamoto (2014)].

By this method we derive the stimulus and the expression of 
psychological quantity for it, "function on visibility and line width" and 
"function on harmonicity and line width". We consider that the maximum 
sum of these functions represents compatibility between visibility and 
harmony in this study. However, this study aims to clarify the conditions 
that compatibility of visibility and harmony are compatible. It is a pictogram 
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which is easy to understand, but it is not assimilated to the texture of 
architecture, when visibility strongly acts on a certain pictogram and shows 
high numerical value and low numerical value in harmony. In this research, 
it is assumed that both pictograms showing high numerical values for both 
visibility and harmony are compatible. As a specific method, a difference 
between visibility and harmony is obtained at each point on the function, 
an average value is taken, and a value smaller than that is adopted. The 
applicable range of the function is that the line width used as a stimulus 
value is 0.2 mm to 1.2 mm, and the maximum value among them is said to 
be compatible with both visibility and harmony.

Experiment Method

The author used the 5 kinds only contour lines male pictograms and 
female pictograms whose line width are all different. The author synthesized 
them into 4 scene images of "concrete", "brick", "white wall", "wood. Fig. 
3). These images are all the same without pictograms. In this experiment 
the author covered 20 people in total, 10 men and 10 women.The author 
showed each image randomly every 5 seconds and the author inserted white 
image between each image to avoid the influence of the previous image. The 
author had test subjects see an image of the standard stimulus, and asked 
how much visibility and harmony when compared to the standard image.

Figure 3: An example of a Scene Image

Experimental Results

Function of R=kSn (R: psychological quantity, S: physical quantity, k: 
constant, n: exponential exponent) was found for the physical quantity and 
the psychological quantity using the ME method. The author obtained result 
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of the function in each scene regarding line width and visibility, line width 
and harmony of male and female pictograms. In this experiment, the line 
width is a physical quantity, and visibility and harmony are psychological 
quantities. Experimental results on visibility and harmony are shown in 
Tables 3 and 4.

Table 3: Experimental Results on Visibility of Pictogram
Male pictogram Female pictogram

concrete R=159.7350S0.7312 R=160.8052S0.735
brick R=166.1116S0.9063 R=163.0797S0.6706
white wall R=164.3993S0.7365 R=164.7404S0.7201
wood R=172.3058S0.8551 R=157.7611S0.8742

Table 4: Experimental Results on Harmony of Pictogram
Male pictogram Female pictogram

concrete R=55.0174S-0.6966 R=64.5952S-0.5893
brick R=64.1800S-0.6259 R=64.4614S-0.5717
white wall R=60.7016S-0.6238 R=62.7191S-0.6752
wood R=60.9256S-0.6517 R=64.4614S-0.5717

Analysis of Results

The purpose of this research is to clarify the design which visibility 
and harmony are compatible. Therefore, the author excluded cases which 
only visibility or harmony of the values strongly works. Specifically, the 
difference between visibility and harmony on the function was found, and 
the author adopted  numerical values smaller than the average numerical 
value. The numerical value that takes the maximum numerical value in the 
function of the sum of visibility and harmony within the range below the 
average numerical value is the numerical value of this research. The results 
are shown in Table 5. 

Table 5: Result of Line Width of Pictogram with Integrated Scene
Line width Male 

pictogram(mm)
Female 
pictogram(mm)

Male 
pictogram(%)

Female 
pictogram(%)

concrete 0.75 0.8 2.14 2.29
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brick 0.8 0.75 2.29 2.14
white wall 0.8 0.8 2.29 2.29
wood 0.8 0.85 2.29 2.43

In order to obtain the general-purpose numerical value of the line 
width, The author calculated as a percentage with respect to the length of 
the reference frame line  of the pictogram (Fig. 4). As a result, the pictogram 
for men has a line width of 2.14% in "concrete", the line width of 2.29% in 
the other three scenes with respect to the length of the reference frame line 
of the pictogram, In the pictogram for women, the line width of 2.29% in 
"concrete", "white wall", the line width of 2.14% in "brick", the line width 
of 2.43% in "wood" . Fig. 4 shows the pictogram of line width that is easiest 
to see and match with architecture obtained in this research.

Figure 4: Pictogram with Line Width of 2.29% Obtained from Research

CONCLUSION

The author compared and analyzed the pictograms filled with color and the 
only contour lines pictograms, we found that in this study the only contour 
line pictograms are more harmonic with the texture of the architecture 
than the pictograms filled with color. Pictograms that were compatible 
with visibility and harmony was 2.29% of the line width compared to 
the reference frame of the pictogram Fig 4). Furthermore, analysis of the 
experimental results suggests that there is little possibility that colors and 
shapes have an influence on visibility and harmony because the results 
show little difference in the results between male pictograms and female 
pictograms. Likewise, because the results for each scene were similar, in 
this experiment, the possibility that the visibility and harmony may not be 
influenced by the architectural texture may be considered. 
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FUTURE PERSPECTIVE

The author got some issues from this research. The author used four scenes 
in this experiment, but it cannot be said that it corresponds to the texture of 
various other architectures. Therefore, it is necessary to conduct experiments 
with various textures and standardize pictograms. Also, the author used the 
toilet mark which is the male pictogram or the female pictogram in this 
experiment, they are relatively similar. Therefore,  it is necessary to confirm 
to what extent, shape and color of the pictogram influences visibility and 
harmony strongly, conducting experiments with a pictogram showing an 
airport representing an airport, a pictogram showing a railroad representing 
a train station, a pictogram "P" representing a parking lot and a pictogram 
"i" representing an information corner which is completely different from 
a pictogram of a human type. Finally, there are color hue, saturation, and 
brightness as elements that improve the compatibility of visibility and 
harmony further. The author think that by changing these color elements, 
we can obtain a pictogram suitable for further research purpose. According 
to the research of [Kishimoto et al. (2011)], since it is indicated that 
saturation has the most influence on attractiveness among hue, lightness, 
and saturation, the author would like to recommend that future research on 
saturation be conducted.
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