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ABSTRACT
Many municipal councils in Melaka have been installing roadside sculptures
for demarcating territory, symbolizing local community, culture, history as
well as promoting local tourism. In spite of that, this particular street facility
is rarely discussed in the context of public art. Hence, this case looks at the
roadside sculptures installed by Alor Gajah Municipal Council (MPAG) in
terms of design and meaning. There were fourteen (14 nos) units of Roadside
Sculptures (RS) along Alor Gajah- Melaka- Jasin (AMJ) highway that
stretches 19.2 km from the entry point at Simpang Ampat toll plaza until
Cheng had been sampled. In addition, observations and interviews with
the town planning department representatives were also conducted. From
the analysis, it is learned that the 14 RS units serve not only as a typical
demarcation tool but also represents the state government’s initiative to
introduce Melaka as a green technology city state. This manifestation can
be observed by the design elements of flora, globe, leaf, hand gesture as well
as the use of industrial materials such as solar panels and stainless steel.
Nevertheless, their appearance felt static and senseless due to the fact that
the designs were replicated. It is hoped that the findings of the study could
aid municipal councils in Malaysia in making decisions on future urban
ornamentation projects.
Copyright© 2021 UiTM Press.
This is an open access article
under the CC BY-NC-ND license
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INTRODUCTION
A roadside is a reserved strip of land which is equipped with typical public
amenities such as billboards, road stalls, traffic lights, bus stops, road
signages, lamp posts, lavatories and many more. In addition, it is also quite
common to find Roadside Sculptures (RS) which are installed at specific
plots such as roundabouts, traffic islands, median strips and junctions. Unlike
other forms of public amenities, the Roadside Sculptures (RS) are utilized
by certain organizations owned by either private or government agencies
and served as a demarcation tool and manifestation of community symbol
(Muhizam Mustaffa, 2009). In Toward an Understanding of Sculpture as
Public Art, scholars state that “sculpture is built for certain cultural spaces
and requires the involvement of authorities representing the community”
(Carter 2010, p.161). For example, during the 98th Commonwealth Games
in Kuala Lumpur, Malaysia, several sculptures featuring traditional artifacts
had been installed around the city area (Muhizam Mustaffa, 2009).
Today, many municipal councils in Malaysia have adopted roadside
sculptures as part of urban ornamentation programs. This initiative is seen
as a necessary step to create quality public spaces and identity for the town
area. Despite this effort, there is a lack of research which looks at the roadside
sculptures in context of design and meaning. In this case, fourteen (14 nos)
Roadside Sculptures (RS) units located along Alor Gajah- Melaka-Jasin
(AMJ) Highway have been sampled.
Research Questions
1.How do the Roadside Sculptures installed by Alor Gajah Municipal
Council (MPAG) represent the identity of Alor Gajah town?
2.How does the design concept of the Roadside Sculptures communicate
meaning?

2

Roadside Sculptures in Alor Gajah, Melaka

Research Objectives
1.To study the structural design of Roadside Sculptures installed by Alor
Gajah Municipal Council (MPAG).
2.To assess the Roadside Sculptures in context of visual communication
and design.

LITERATURE REVIEW
The prehistoric cave paintings discovered in Lascaux France, has always
been a subject of fascination and debate. Scholars said that these 30,000 year
old paintings tell us about the mystery of early hunters-gatherers societies
who had lived and faced challenges in order to survive in the climate
(Noble et al., 2013). This theory is actually based on the drawing subjects
featuring human-like stick figures and livestocks (horses, bison and cattles)
occupying the same place and time. In addition to that, it is also interesting
to look at the paintings from an artistic standpoint. Art historians argue
that the cave paintings were deliberately made with careful planning and
thought. In Archeology, Kelly and Thomas (2009, p.303), state that “The
artist understood the principle of perspective and they sometimes employed
the natural topography of cave walls to bring the animals to life”. Besides,
the stylistic approach and the quality of lines, form and shadow in the
paintings are captivating and feel as though the cave artists knew how the
art should be presented. Nevertheless, it could also be said that the ability
to visualize, draw and paint is one of the essential cognitive specialties in
prehistoric society besides hunting and gathering food.
In the history of public art in the United States, Cartiere (2008) states
that there are several issues about its practice. Some scholars claimed that
public art practice embarked in 1967 when the National Endowment for the
Arts created Art in Public Program. Others acknowledged the effort made by
the US government through an agency called Work Progress Administration
(WPA). One of the WPA divisions, The Federal Art Project was initiated in
order to create jobs for artists hence providing economic relief to its citizens
during the Great Depression period in 1937. Despite various claims of its
timeline, Cartiere (2008) argues that the public art term is another issue
yet to be resolved. This is because public art is closely associated with the
3
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practice of architecture and urban design where it is subjected to the rules
and requirements set by a local authority or in other words municipal council.
Hence, some critics regard public art as merely commercial art or art form
produced by committee. There are also other terms used as well such as
interventions, political activism, service art, site-specific work, communityproduced projects, spatial-practised, interdisciplinary activism, contextual
practice and social practice art. However, Cartiere (2008) states that only
public art administrators and officials are consistent in employing public
art terms which they specifically used for referring municipal, county and
state government programs.
General history of Public Sculpture in Malaysia
With regard to the Malaysian public art scene, local researcher and
sculpture artist, Rosli Zakaria (2018) asserts that sculpture art may have
been influenced by western culture, namely during the colonial British
administration when it was first introduced in the country. One of the typical
sculpture art forms was the human statue or memorial sculpture. He further
claims that many memorial sculptures depicting British colonial rulers
can be found in several states in Malaysia. For instance, in the island of
Penang, the memorial sculpture of Francis Light can be found at a location
called Fort Cornwallis and Sir Frank Swettenham at the National Museum
in Kuala Lumpur. These two memorial sculptures were deliberately made
to commemorate the British achievement and also to symbolize power
in this region. After Malaysian gained independence from the British in
1957, ironically the scheme of building a memorial sculpture of a political
figure was not ceased. In 1971, a memorial sculpture of Malaysia’s first
prime minister was erected near the Malaysian Houses of Parliament
(Figure 1). The memorial sculpture was designed by an American sculptor,
Felix de Weldon who is also responsible for erecting Tugu Negara or
Malaysian National Monument located in Asean Gardens, Kuala Lumpur
(Nurrissammimayantie Ismail et al., 2017). Unlike Tugu Negara which
depicts humans in triumphant pose signifying strength, heroic and patriotic,
the memorial sculpture of Tunku Abdul Rahman Putra Al Haj, on the other
hand, seems less dynamic, modest and conservative. He is shown “wearing”
a Baju Melayu, or traditional outfit for Malay men. Tunku Abdul Rahman’s
face is inexpressive and his body gesture (right arm extending slightly
forward and the other holding a book) feels slightly static but firm.
4
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Figure 1. Picture of the First Prime Minister
Tunku Abd Rahman Putra Al Haj memorial sculpture
(Source:Kyoto Review of Southeast Asia)

Although the memorial sculpture of Tunku Abdul Rahman possesses
sentimental value in the context of Malaysian political history, yet it remains
hidden to the public spectacle. The fact is that the memorial sculpture
is located in a restricted compound which makes it nearly inaccessible
(Rosli Zakaria, 2018). Furthermore the memorial sculpture is also seen
as unIslamic. In the teaching of Islam, any objects or symbols idolizing a
human being is strictly prohibited because it is considered as shirk or sin.
Perhaps this is why the memorial sculpture of Tunku Abdul Rahman is kept
out of sight in order not to send wrong message about the government or
offend the Muslim community.
In general, many public sculptures found in Malaysia rarely idolize
“heroes or events, or symbolises accomplishments and goals” rather their
presence in the public space is meant to “function as a community symbol or
as a tool for place-making” (Muhizam Mustaffa 2009, p.70). Nevertheless,
this does not mean that memorial sculpture symbolizing other faith is
intolerable in Malaysia. According to the Malaysian Constitution, Article
11 provides that every person has the right to profess and to practice his or
her religion and (subject to applicable laws restricting the propagation of
other religions to Muslims) to propagate it. In this sense, religious houses
such temples and churches are allowed to install statues but restricted within
the limit of the building compound itself. For instance the largest reclining
Buddha statues in Southeast Asia measuring 40m long and 11m high statue
5
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can be found in Wat Photivihan temple in Tumpat, Kelantan a state which
is currently governed by Islamic party called Parti Islam Se Malaysia or
PAS (The Star online, 2016). Similarly the Lord Murugan statues situated
at Batu Caves Sri Murugan temple is also dubbed as the tallest freestanding
Hindu statue in Malaysia (The Star online, 2006).
Public Art in the City
The growing numbers of public art installations in Malaysian cities is
probably due to the art awareness program supported by several agencies
namely higher education institutions, government, private sectors and high
profile individuals. Among the potential outcomes of public art is that it can
flip a dull looking public space into something that is animated and full of
life. Furthermore, it can also attract tourists which in return will provide
financial benefits to the country’s economy.
In October 2019, an open exhibition program called Art in The City,
which took place in Kuala Lumpur city showcased a number of public
sculptures with a theme called the River of Life. According to Izan Satrina
Dato Mohd Sallehudin (year?), CEO of Cultural Economy Development
Agency (Cendana), Art in The City program which was launched in 2018
started with an exhibition of artworks projected on digital screens and
buildings. In 2019, the River of Life theme was introduced which aimed to
foster local artists to express their creativity and to help educate the public
about the environment and promote appreciation towards Kuala Lumpur city.
The installation of public sculptures in Kuala Lumpur city is not a new
initiative. In actual fact it has long been practised and supported by the City
Hall. Today public sculptures of all shapes and sizes can be seen at strategic
locations such as KLCC park, Bangunan Sultan Abd Samat courtyard,
Taman Tasik Perdana and many more. In 2014, a similar open exhibition
program called the Festival of Art in The Park was also organized by the
City Hall as an attempt to change the stereotypical view about public art.
According to festival director Suriyani Senja Alias (Tariq, 2014) the City
Hall had approached her to organize the festival in order to help rebrand
Kuala Lumpur as a “cooler, arts-centred capital”.
Unfortunately in 2016, the City Hall’s so called art-friendly image was
6
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tarnished due to its controversial decision to demolish a sculpture known
as the Puncak Purnama (Lunar Peaks) on Jalan Sultan Sulaiman (Figure 2).
This issue actually had prolonged since 1998. Designed by the late National
Art Laurette, Datuk Syed Ahmad Jamal, the Puncak Purnama sculpture had
been modified by the City Hall in 1998 without the artist’s consent. Legal
suit was filed by Datuk Syed Ahmad Jamal against City Hall. As a result, the
court ordered the City Hall to pay RM750,000 in compensation for violating
the artist’s moral rights (Nair, 2016). 18 years later, once again the issue
of Puncak Purnama sculpture captured the attention of many, especially
the public art practitioners in Malaysia. An article published in 2016
states that the then Federal Territories Minister Datuk Seri Tengku Adnan
Tengku Mansor said that the Puncak Purnama sculpture was in a terrible
condition and becoming hazardous to the public. After taking all factors into
consideration, the decision to bring down the 33 year old sculpture had to
be made for the sake of safety and interest of the public and stakeholders.
The controversies surrounding the Puncak Purnama sculpture finally came
to rest after it was demolished completely on July 6, 2016.

Figure 2. The Puncak Purnama Sculpture by Datuk Syed Ahmad Jamal
(Source: The Star Online)

Case Study: The Municipal Roadside Sculptures in Alor Gajah
Melaka
Alor Gajah which means Elephant’s Trail in English is a district
situated in the north part of Melaka. According to local history, in 1831, there
was a battle known as Naning War which Dato Dol Said, a prolific Malay
7
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warrior at that time had fought and defeated the British. Alor Gajah district
consists of three (3) large towns and 15 smaller towns with a land size of
66,302 hectares and covers 31 territorial divisions (Alor Gajah Municipal
Council 2019). According to the latest statistics issued by the Alor Gajah
District and Land Official website (2019), at present it is estimated that the
total population is around 166,600 consisting Malay, Chinese, Indian, and
foreign workers. Despite its small size, Alor Gajah has become one of the
districts in Melaka that is developing quite steadily. Its center for business
and administration is called Pekan Alor Gajah or Alor Gajah town. It is
located 24 km from Melaka town and near the North-South highway toll
plaza at Simpang Ampat; this small town is well known for its contribution
to Melaka’s cultural identity. Its characteristics are clearly demonstrated by
a mixture of the old and the new. Traditional Malay houses and old colonial
shop houses are a common sight, thus making Alor Gajah town distinctively
unique and well known among local and foreign tourists. In this sense, its
municipal council or Majlis Perbandaran Alor Gajah (MPAG) is the official
local government that is responsible in providing services and basic unmet
needs as regards health, education, environmental cleanliness, drinking
water in homes, recreation and sport.
As one of the main entrances to Melaka, MPAG realizes that visitors
coming from the North-South highway will likely stop by at Alor Gajah
town. Therefore, in order to create a welcoming impression, several urban
ornamentation programs which involve public art have been launched. For
example, in 2016, MPAG collaborated with the Faculty of Art & Design,
Universiti Teknologi MARA in a public mural art project. According to an
article published in Melaka Kini (2018), MPAG envisions that the mural art
project will create awareness among people towards public art. In return,
the outcome of the project will help improve public infrastructure and bring
new life to the town.
In conjunction, MPAG has also adopted another public art form known
as Roadside Sculpture (RS) in the urban ornamentation program. According
to the director of town and planning division, Nurul Adiywaty Haji Ismail
(year?), at present there are seventeen (17 nos) RS units in which fourteen
(14 nos) of them are installed along Alor Gajah-Melaka-Jasin (AMJ)
Highway that stretches 19.2 km from the Simpang Ampat toll plaza until
Cheng town. She also also added that the cost for the construction of the
8
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RS units were paid (in kind) by companies operating Alor Gajah district.

METHODOLOGY
In order to establish understanding on the Roadside sculptures installed by
Alor Gajah Municipal Council (MPAG), a case study method is adopted.
Firstly, the researchers conducted interviews with correspondents from the
town planning department of Alor Gajah Municipal Councils (MPAG).
The aim was to get more information regarding the installation of roadside
sculptures. In conjunction, the researchers also visited the locations of the
roadside sculptures. Fourteen (14 nos) units of Roadside Sculptures (RS)
along Alor Gajah- Melaka- Jasin (AMJ) highway that stretches 19.2 km
from the entry point at Simpang Ampat toll plaza until Cheng have been
sampled (See Table 1). The qualitative data (image and information) were
documented and tabulated for analysis purposes.
Secondly, an art criticism model was employed to complete the formal
analysis method. According to Edmund Feldman (1982, p. number?)), this
method is actually about “sharing of discoveries about art, in some cases
about life, where art has its beginnings”. Feldman’s method offers a four
systematic process of describe, analyze, interpret and judgement. These
steps enable the researchers to better “inform and educate people (including
artists) about art by providing insights into the meaning and significance of
artworks” (M Subramaniam et al., 2016, p.57).

Figure 3. Alor Gajah Melaka- Jasin Highway
(Source: Google Map)
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Table 1. Roadside Sculptures on AMJ Higway
No

Code

Locations

Contributors

1

SH 231

Honda Entrance

Shimizu Corporation

2

SH 184

Roundabout Simpang Ampat

Teladan Setia Sdn bhd

3

SH 227

Traffic Light Bandar Simpang
Ampat

Mydin Wholesale Cash And Carry
Sdn Bhd

4

SH 219

Di simpang ke Tampin AMJ
Alor Gajah

Grand Tonic Sdn Bhd

5

SH 227

Simpang Ampat

Faithview Properties Sdn Bhd

6

SH 231

Simpang Sun Power

Free Port A'Famosa Outlet

7

SH 231

Melekek U-Turn

Laman Exotika Sdn Bhd

8

SH 184

Pegoh U-turn

Gromutual Berhad

9

SH 184

Simpang Pengkalan dan
Lebuhraya AMJ

Honda Malaysia Sdn Bhd

10

SH 219

Simpang Rembia-Lendu

Kein Hing Industry Sdn Bhd

11

SH 219

Main Entrance daripada Taman
Perindustrian Hicom

Honda Malaysia Sdn Bhd

12

SH 227

Taman Perindustrian HicomPegoh

Honda Malaysia Sdn Bhd

13

SH 184

Sungai Petai

Pong Codan Rubber (M) S/B

14
SH 227
(Source: Author)

Sungai Petai

Honda Malaysia Sdn Bhd

RESULTS AND DISCUSSIONS
The 14 units of RS along the AMJ Highway were erected from 2013-2017.
According to Nurul Adiywaty (year?), all of the RS units were designed by
the staff of the architect department of MPAG, Nurul (year?) also added
that MPAG does not require consent from the Jabatan Kerja Raya (Public
Works Department) because the RS units are in the territory of Alor Gajah
district and that they are mainly installed at traffic islands and roundabouts.
In spite of that, a considerable clearance or gap from the edge of the road
is given consideration so that they would not obstruct or cause danger to
road users.
Regarding the design aspect, the researchers have identified that there
are four types of RS units which are used as master design. This includes
a flower bouquet (SH 184), a globe on a stand (SH 231), a hand gesture
10
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(SH 227) and a sprout (SH 219). Each of the units is installed at certain
locations. In this case, SH184 is located at 1. Simpang Ampat roundabout;
2. Pegoh U Turn; and 3. Pengkalan junction. SH 231 is located at 1. Honda
junction; 2. Melekek U Turn; and 3. Sun Power junction. SH227 is located at
1. Simpang Ampat roundabout; 2. Taman Perindustrian Pegoh junction; and
3. Sungai Petai U Turn. SH219 is located at 1. Tampin junction; 2. Rembia
junction; and 3. Taman Perindustrian Pegoh junction. Table 2 describes the
outcome of the visual analysis.
Table 2. Formal Analysis of Roadside Sculpture (RS) units on AMJ Highway
RS units

Description
Form:
Bouquet of Flower
Materials:
Painted Mild steel & moulded plastic flowers
Scale:
400cm x183cmx183cm
Locations:
1.Simpang Ampat roundabout
2.Pegoh U Turn
Design
Pengkalan junctionThe design resembles a bunch of common
decorations of colourful Tulip-like flowers representing universal
nature forms in everyday life. Each flower is also equipped with
a light bulb.

SH184

Symbolic Meaning
Nature’s wealth

Form:
Hand Gesture
Materials:
Stainless Steel & painted mild steel
Scale:
376 cm x 170cm x 170cm
Locations:
1.Honda junction
2.Melekek U Turn
3.Sun Power junction
Design
Monumentally standing structure with the sphere form on the
top that can be generally associated with a `globe/ ball’. The
stand design consists of four linear pillars holding the globe on
top. The polished and reflective form of globe filled with cut out
void of fern shape randomly scattered all over the surface.

SH 231

Symbolic Meaning
Environmental responsibility

11
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Materials:
Stainless Steel & painted mild steel
Scale:
376 cm x 170cm x 170cm
Locations:
1.Honda junction
2.Melekek U Turn
3.Sun Power junction
Design
Monumentally standing structure with the sphere form
on the top that can be generally associated with a
`globe/ ball’. The stand design consists of four linear
pillars holding the globe on top. The polished and
reflective form of globe filled with cut out void of fern
shape randomly scattered all over the surface.
SH 231

SH 219

Symbolic Meaning
Environmental responsibility
Form:
sprout/ leaf
Materials:
Coloured Mild steel & Acrylic Perspex; both with
concrete tiles based with solar light
Scale:
360 cm x 170cm x 260 cm
Locations:
1.Taman Perindustrian Pegoh junction
2.Tampin junction
3.Rembia junction
Design
The sprout is represented with a linear shape with 3
coloured structures. The inner form is covered with
perspex finishes. Row of simple grid squares gradually
flows until the tip of the structure. The form of hilt filled
with light that glows during night time.
Symbolic Meaning
Birth and hope of a new life

(Source: Author)

The ideal dimension for each of the RS units is approximately 347
cm tall, 151.25 cm wide and 168.25 cm long. All of the RS units use mixed
materials which include stainless steel or painted steel for the body section
and concrete based with mosaic tiles. In addition, solar panels are also
incorporated in the design which provides sustainable energy for the lighting
system. Another feature is that each of the RS units has the contributor’s
12
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name printed on a board and mounted on the concrete base. In addition,
some of the traffic islands and junctions have ornamental plants as well
(flowery plants and shrubs) which are used as a softscape feature. In terms
of meaning, all RS units are designed to express the symbiotic relationship
of nature and technology. For example the use of solar panels symbolizes
sustainable energy while flower and plant motif represent nature. This
meaning is believed to reflect the concept of Melaka Green Technology
City State which according to the then Melaka Chief Minister, Datuk Idris
Haron is an effort to propel Melaka as a green technology state by 2020.

CONCLUSION
There is no doubt that Alor Gajah is one of the most popular districts in
Melaka and probably in Malaysia as well. There are lots of architectural
and landscape elements found in Alor Gajah town such as traditional Malay
houses, colonial shop houses, old mosques, beaches, parks and recreation.
In this sense, the municipal council of Alor Gajah, MPAG should take
advantage of the existing elements by introducing meaningful public art
projects involving the community and stakeholders. In this study we have
identified fourteen (14 nos) Roadside Sculptured (RS) units installed along
Alor Gajah Melaka Jasin (AMJ) highway from Simpang Ampat toll plaza
until Cheng Town. These RS units which were donated by companies in Alor
Gajah not only serve as landscape amenities but also convey a public service
message on sustainability and quality living environment. Unfortunately, in
terms of design and aesthetic, it is found that the RS units are not up to the
mark and commonplace. Given these factors, it is vital for the municipal
council (MPAG) to step up effort in improving the quality of public art
installations around the town area. Therefore the researchers recommend
that a well-structured public art policy as well as design and build scheme
should be formulated. It is hoped that the findings in this study could be
used by municipal councils in Malaysia to ensure the successfulness of the
future public art installation project.
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ABSTRACT
One of the UNESCO World Heritage Sites in Malaysia is in George Town,
Penang. Most of the space in this UNESCO World Heritage Site has various
business activities. Traders work on a regular basis in the existing space
or public space. Meanwhile, the hawkers move from one place to another.
However, there are also traders and hawkers misusing and doing business
in public space resulting in public space conflicts. The objectives of this
study are to identify the location and patterns of public space conflict.
The location of the conflict area has been marked and recorded for a
more in-depth study. Data collection had been done and had found that
the development of permanent building by the traders and hawkers had
resulted in insufficient public space. Public space is essential in ensuring
the sustainability of the environment.
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INTRODUCTION
Public space is an essential element in any city in the world. It is public
property which is fully regulated by local authorities subject to Section 8
Act 171 in the Malaysia Local Government Act 1976. In this study, public
space which had been studied is a space within the boundaries of the
UNESCO World Heritage Site of George Town, Penang which was declared
by UNESCO on 7 July 2008. The gazettement enhances the uniqueness of
the area, giving the added value in the context of heritage and commercial
in the economic aspect. Lately, the heritage inherited from the previous
generations has been lost due to the uncontrolled modern development that
affected the area of the public space. Traders and hawkers have illegally
occupied public space in the UNESCO World Heritage site. They are
abusing the public space areas for their personal purpose and denying the
main purpose of public space as a space for public leisure, socialising and
others. Instead it has been transformed into an unauthorised private business
area. The abuse of this public space has violated the laws and regulations
set by the Penang Municipal City Council (MBPP) as the administrator or
local authority regulating the area. As a result, this illegal activity had raised
numerous issues and problems. Thus, this study aims to examine and identify
more in-depth locations and patterns of public space conflicts to ensure that
elements of public space sustainability can be applied in this UNESCO
World Heritage Site to be preserved for present and future generations.

LITERATURE REVIEW
Public space in the city is widely discussed by many researchers and is
described as ‘open space’ such as roads, parks, fields, squares, sidewalks
and many more. According to PLANMalaysia (JPBD, 2004), public space
is the space in urban areas and is part of human life in the city that is any
land whether besieged or not that has been set or not or reserves to be
arranged in whole or in part , public parks, sports fields, recreational land
and pedestrian walkways. UN-Habitat (2016) in the Global Public Space
Program recommends that up to 50% of urban land should be allocated to
public space which is broken down into 30% for roads and footpaths while
another 20% for open space, green space, and public facilities.

18

Locations & Patterns of Public Space

Public space is the most important pulse in the city which is the basic
topographic feature of a city in a place and at the same time provides an
aesthetic sense by engaging in an attractive environment and creating
visuals in the space (Cattel et al., 2008; Jacobs, 1985; Payne, 2009). The
public space in the city has a positive impact on the economy, environment,
security, health, integration, and interconnectedness. The quality of life of
the urban population is directly and to some extent related to the state of
its public space. This is related to the statement of Thompson (2002) who
states that the best public space is space that can create a direct relationship
between the space and those who live or work in it.
Thus, Theory of Place in public space is an option as the basis and
main guide of this study in examining the priorities of public space designed
and provided should function based on the true meaning and function of
the public space. The theory of place has been discussed for a long time
until the present time. The implementation of place theory is widely used
in the design of public spaces. The relationship between the behaviour and
design of the public space provided was found to produce successful and
habitable public space (Francis, 2003; Lang, 1994).

STUDY AREA
The public space involved in this study is part of the area within the
UNESCO World Heritage Site of George Town, Penang. The public space in
this study is referring to the pavements of shophouses (Figure 1), pedestrian
(Figure 2), roads and back lanes (Figure 3). Public spaces are supposed to
be a free space for everyone and not owned by anyone. In the context of the
Town and Country Planning Act 1976 (Act 172) and the Local Government
Act 1976 (Act 171) it has been clearly stated that land or areas that belong
to the government, are not allowed to carry out any activities without legal
permission from the local authority involved. Both of these acts focus on
government-owned areas or lands from encroachment. If this act is violated
and ignored then obviously physical abuse has occurred in an area.
This study area is a UNESCO World Heritage Site that has been
gazetted and is a very valuable national heritage treasure. Therefore, any
activity that occurs or is planned to be done in this area must obtain the
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permission of the relevant parties and comply with all rules applicable in this
area. This is related to the National Heritage Act (Act 645) 2005 where the
study area is an area with many buildings and historical places so the social
sensitivity in the area should be taken care of and law enforcement should
be emphasized in all activities taking place in the area. This legislation was
enacted and gazetted to be enforced by those responsible and complied with
by the public. Therefore, any form of activity that can affect the value of
heritage, especially the Outstanding Universal Values involving the use of
buildings or space in this heritage area needs appropriate supervision and
monitoring.

Figure 1. Pavements of Shophouses in UNESCO World Heritage Site,
George Town, Penang
(Source: George Town Special Area Plan, 2016)

Figure 2. Pedestrian in UNESCO World Heritage Site, George Town, Penang
(Source: MyGeorgetown Project, 2014)
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Figure 3.Road and Back Lanes in UNESCO World Heritage Site, George
Town, Penang
(Source: MyGeorgetown Project, 2014)

METHODOLOGY
Data collection for this study was done using a mixed method approach or
mix method that involves qualitative and quantitative methods. This study
is a study involving part of the entire population of traders and hawkers who
abuse public space at the UNESCO World Heritage Site of George Town.
The respondents selected are traders and hawkers who are in the UNESCO
World Heritage Site of George Town, Penang. Manual calculations had to be
done at the study site because no actual calculation of traders and hawkers
who abused public space had been recorded before in the study area covering
within the boundaries of the UNESCO World Heritage Site George Town,
Penang. Once the data collection had been done, the number of traders and
hawkers who caused the conflict in the public space was 4969 in total which
included 4597 traders and 372 hawkers, refer Table 1.While doing the data
collection of calculating the number of traders and hawkers who caused the
conflict in the public space, the point location of the respective area was
recorded using Global Positioning System (GPS) application.
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Table 1. Number of Traders and Hawkers Who Caused the Conflict in The
Public Space
Types of Business Activities

Total

Traders

4597

Hawkers

372

(Source: Field Study, 2016)

4969

In this study, it is essential to use the Global Positioning System (GPS)
application in determining the real location of the public space conflict that
takes place at this UNESCO World Heritage Site. With the help of this
application, the location of the conflict can be marked and recorded. The
location coordinates of this conflict are indicated using devices with GPS.
The process of coordinating this location takes place during the process
of calculating the number of traders and hawkers who abused the public
space. The coordinating process took a long period of time to seek more
precise traders and hawker's locations by different times and places. Data
obtained through the coordinates of public space conflict area are mapped
using ArcGIS 10.1 application.
The locations obtained were analysed using the ArcGIS 10.1
application by conducting the Average Nearest Neighbor (ANN) analysis
to identify the type of pattern or analysing pattern based on the identified
locations. This process calculates and determines the nearest location
based on the average distance from each feature to the nearest location
feature (ESRI, 2018). Based on the Average Nearest Neighbor analysis if
the average distance is less than the average for the hypothetical random
distribution, the distribution of characteristics analysed is considered a
grouped or clustered. If the average distance is greater than the hypothetical
random distribution, the characteristics are dispersed (Figure 4). Average
Nearest Neighbor ratio as the observed average distance is divided by the
expected average distance.

Figure 4. Average Nearest Neighbour
(Source: ArcGIS 10.1)
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FINDINGS AND ANALYSIS
Based on the data collection process in the study area, locations, and patterns
of public space conflicts at UNESCO World Heritage Site had been identified
and presented in the form of conflict location maps and diagrams.
Locations Of Public Space Conflict
The location of these traders and hawkers only takes into account
for those who had created public space conflicts within the boundaries
of the UNESCO World Heritage Site, Refer to Map 1. These traders and
hawkers not only included those who were doing business on weekdays
and but also on the weekend. This public space is a public area for the use
of the public without any obstacles or restrictions. The conflict of public
space can be identified when the public space is misused whereby private
space is used illegally which led to negative effects such as the presence
of temporary or permanent barriers built on the public space that denies
the original function of public space and has clearly violated legal aspects.
This public space conflict has made it difficult for other members of the
public to use the public space. This study is more focused and directed only
on traders and hawkers who misuse public space illegally to the point of
causing public space conflict.

Map 1. Location of Public Space Conflict in the UNESCO World Heritage
Site, George Town, Penang
(Source: Field Study, 2016)
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Patterns Of Public Space Conflict
Based on the location coordinates of public space conflicts caused
by the traders and hawkers, the analysis of public space conflict patterns
was conducted using the ArcGIS 10.1 application to carry out the Average
Nearest Neighbour analysis. This analysis is carried out to see the type of
pattern generated based on the coordinate point of the public space conflict
locations that have taken place in this study area. Average Nearest Neighbour
Analysis runs on every type of permanent or temporary obstacles made
by these traders and hawkers to identify the type of pattern that the public
space conflicts resulted in each kind of obstruction in detail. Firstly, the
Average Nearest Neighbour analysis against traders who make permanent
obstacles shows that the distribution of characteristics analysed is grouped
or clustered (Figure 5).

Figure 5. Pattern Analysis of Public Space Conflicts Caused by Traders
Building Permanent Structure
(Source: Field Study, 2016)

Secondly, the Average Nearest Neighbour analysis of traders who
made temporary obstacles showed that the distribution of characteristics
analysed was grouped or clustered (Figure 6).
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Figure 6. Pattern Analysis Conflict of Public Space Caused by Traders
Building Temporary Structure
(Source: Field Study, 2016)

Next, Average Nearest Neighbour analysis of hawkers who make
permanent obstacles indicates that the distribution of characteristics analysed
is grouped or clustered (Figure 7).

Figure 7. Pattern Analysis of Public Space Conflicts Caused by Hawkers
Building Permanent Structure
(Source: Field Study, 2016)
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Lastly, the Average Nearest Neighbour analysis of hawkers who
make temporary obstacles also shows that the distribution of characteristics
analysed is grouped or clustered (Figure 8).

Figure 8. Pattern Analysis Conflict of Public Space caused by Hawkers
building Temporary Structure
(Source: Field Study, 2016)

So, it can be concluded that, based on this finding that all the resulting
patterns are grouped or clustered into a place. This is because of the resulting
points lead to a concentration on a cloud space of the area close to each
other in the space of public space. The places where traders and hawkers
are focusing on doing business illegally are along major roads that have
sidewalks, lanes and pedestrian paths. It proves that the conflict of public
space is caused by the existence of a strong pull and push factor in a place.
These factors attract the traders and hawkers to concentrate in an area of
public space. Apart from the area of this study, which is a UNESCO World
Heritage Site, every street, sidewalk shop houses, walkways and lanes within
this study area have a heritage building and shops that are the main attraction
of visitors to come to this area. This causes entrepreneurs and vendors to
take advantage of setting up business illegally in the public spaces, which
led to public space conflicts.
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DISCUSSION
Urban public space in the city is the physical space which social relationships
take place. Urban public spaces are an important element in urban society
life, but it is crucial in the development policy for the city which is usually
left neglected. This is because of business by the traders and hawkers’
activities were taking place in the public spaces of the sidewalks without
legitimate authority from local authorities. Most hawkers mostly operate on
wheeled vehicles while some of them are parked on the roadside within this
UNESCO World Heritage Site. This affirms the opinions by Anastasia and
Renia (2009) that public space within the city is often neglected by its use
by local communities which means the urban communities, especially the
traders and hawkers have underestimated the function and definition of the
public spaces. Public space within this study area has been misused by the
traders and hawkers for the purposes other than the original purpose of public
space. This public space conflict clearly dictates the definition and function
of public space. This conflict is contrary and contradicts in the context
of the legislative framework that has been gazetted by the government.
This abusive public space conflict is not due to the privatisation of public
space by local authorities that change the land use of the affected area to a
commercial area but is caused by unauthorised public space abuse by traders
and hawkers. It supports the views of Bauman (2000 & 2001) and Elias
(1991) stating that privatisation activity is not a factor that causes public
space abuse to occur within the city. Apparently, other factors contribute
to the misuse of public space.
In the context of this study, there is proven evidence that traders and
hawkers who misused the public space blatantly ignore and did not take into
consideration the public space provided by the authority for the convenience
of the public. The traders and hawkers have misused public spaces illegally
by controlling public spaces for their own purposes primarily to showcase
their merchandise. Based on this study, conflict of public space that is
happening is something that leads to a more negative impact rather than a
positive one. The public space conflict that occurred in the study area was
not something that happened by chance rather it has gradually occured for
a long time without any action taken by the proper authorities. This conflict
occurred due to the wrong attitude of the traders and hawkers.
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Furthermore, the location of the public space conflict in this study
involves almost the entire area of the public space within the boundaries
gazette as the UNESCO World Heritage Site of George Town, Penang. Based
on the findings, the location of public spaces that are often misused are areas
that include walkways of five storehouses, pedestrian paths, roads and lanes
close to tourist attraction areas. The public space area is very limited as the
area of this study is an old city that has been saturated. The city had long
existed since colonial times before Malaysia achieved independence. There
is no space available or suitable within this study area to be developed for
new development purposes. The existing business space is also unable to
cater for increasing demand at present.
In Malaysia, this study area besides Bandar Melaka is a world heritage
site recognised by UNESCO. This has made the area more unique and has
value-added. This area is a tourist attraction that causes traders and hawkers
to take advantage of the public space. Based on the Penang Tourist Survey
(2016) carried out to 4767 tourists present in Penang by the Sustainable
Tourism Research Cluster (STRC), Universiti Sains Malaysia (USM) said
the image of Penang refers to a world heritage site of 36.4% and local area
of 34.6%. The Penang tourist survey (2016) also examines what should be
done in Penang, indicating 46.3% of respondents expressed taste of local
food, 36.4% expressed their sightseeing in the city, 23.1% visited historical
places, 15.6% said shopping and 12.6% said visiting museums and galleries.
This issue clearly explains the reason this study area is the focus of many
tourists and visitors to go for a holiday in Penang, especially in this area
which is a UNESCO World Heritage Site which is based on this uniqueness.
Traders and hawkers have taken advantage of the flood of these tourists
by abusing public space for their own gain. Abuse of this public space
has violated the law involving the use of public space to conduct business
activity in an illegal business area.
The location of this public space conflict has been erected or
constructed with permanent or temporary builds or obstructions by traders
and hawkers. These constructions or constraints are made at very different
times either during the day, night or all day regardless of weekdays or even
weekends. This is because these traders and hawkers only think of their own
self-interest regardless of other public users who share and own the rights
to the public space. The issue of physical space utilisation problems in this
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study area is supported and reinforced by Sinar Harian's daily newspaper
May 2014 entitled 'Masih Ramai Peniaga Bolot Kaki Lima’ (Many Traders
Still Misuse The Pathway) and ‘Ganggu Laluan Pejalan Kaki’ (Disrupting
the Pedestrian Route) in George Town, Penang by Metro press report Sunday
dated 30 November 2014. This clearly shows that there is a misuse of public
space area by illegal hawkers and traders who put items in public spaces
around the UNESCO World Heritage Site.
Along with that, local authorities had to carry out the operation to
demolish these constraints to facilitate public access (The Star, 20 April
2017). It supports the opinion of Rahaman et al., (2012) stating that barriers
to public space use have made the situation worse or worse due to illegal
possession of public space. This undermines the cultural values, heritage
and values of the local community in the city. This public space conflict is
due to the many factors that cause it to continue to be a thorny issue at this
UNESCO World Heritage Site and thereby lead to a negative impact and
are difficult to control and solve.

RECOMMENDATION
Overall, after examining the location, factors and effects of public space
conflicts that occur, the main focus that needs to be given priority is
about planning and development that applies the elements of public space
sustainability. The thrust of this improvement proposal is based on the
concept of public space sustainability introduced by Chiesura (2004) and
Sustainable Development Goals 2030 modified in line with and appropriate
for this study taking into account the issues of public space conflict that have
occurred in cities and world heritage sites in other countries and adapted
to this study area.
Based on the findings, there are no specific and clear laws or regulations
involving the use of public space in the UNESCO World Heritage Site area.
Existing laws or regulations do not describe more specifically the use of
public space in the study area. The George Town, Penang Special Area Plan
states that ‘road sharing’ is allowed if it complies with the set guidelines.
This is not stated clearly and in detail about the intended guidelines.
Findings from this study show that this matter is not complied with
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by traders and hawkers thus causing public space conflict. This has caused
traders and hawkers to be confused and take advantage of this matter.
This matter should be resolved with the cooperation of the Government
of Malaysia through the Local Authority of this study area with UNESCO
to gazette the Special Law on the Management and Use of Public Space.
If there is a special law on the use of public space at UNESCO World
Heritage Sites, this will serve as a guide in the study area and UNESCO
World Heritage Sites around the world.

CONCLUSION
Based on the findings, it can be concluded that most of the public spaces
within the UNESCO World Heritage Site of George Town, Penang were
illegally abused. This identified location showed that the location of this
public space conflict occurred due to the attraction of the surrounding or
near the location of the area, which is a tourist attraction near to the historic
buildings, main business areas as well as the main public access areas. This
has led to the convergence of public space conflicts in locations that have
made these traders and hawkers carry out their trade and business activities
illegally. Moreover, this conflict also caused difficulty to the civilians, and
sometimes they could not use the public spaces and do their regular daily
recreational activities. This had denied the right of use to the public space.
Public space should be free to be used by the public and no one should be
allowed, to run or make any restrictions on the public space. The location of
this public space conflict that takes place in the UNESCO World Heritage
Sites of George Town, Penang causes these issues. The problems should be
resolved as this area is a focal point of the world and shows the way in which
governance of this world heritage site is carried out by local authorities.
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ABSTRACT
Indoor Air Quality (IAQ) may come from various field of studies and
normally it is related to the air quality level inside a building. Other than
building, vehicle cabin can also be considered as one of the indoor spaces
and it is known as Vehicle Indoor Air Quality (VIAQ). Recently, vehicle
has become one of the most important requirements for a living standard.
People use vehicle to travel from one place to another without realizing
the exposure to the air pollutant inside the cabin. The high exposure to
the many types of pollutants may affect the human health. This study was
conducted to investigate one type of pollutants which is the concentrations
of Particulate Matter (PM2.5) when a vehicle is moving on the road with
different ventilation modes. The data for PM2.5 concentrations and indoor
temperatures were collected using direct-reading instruments such as
Environmental Monitoring Instrument (EMI) and Thermal Recorder. It
was found that different ventilation modes had a significant effect to the
concentrations of PM2.5 and indoor temperature.
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INTRODUCTION
Recently, there has been an increase in the awareness about the importance
of environmental protection. In general, there are nine recognized sources
of pollutant that can damage the environment such as air pollutant, water
pollutant, soil pollutant, noise pollutant, radioactive pollutant, thermal
pollutant, light pollutant, visual pollutant and personal pollutant (Rana,
2006). However, in a study related to the IAQ, the most related pollutant
is air pollutant. Air pollutant comes from a wide variety of sources such
as dust or excessive gases like carbon dioxide or other vapours that cannot
be effectively removed through natural cycles, such as the carbon cycle
or the nitrogen cycle. The most excessive sources of air pollutant include
vehicle or manufacturing exhaust, forest fires, volcanic eruptions, dry soil
erosion, and building construction or demolition (Sanidas et al., 2017).
These pollutants were normally found in the outdoor environment and may
penetrate inside indoor environment such as inside a building or vehicle.
VIAQ is a common term used to represent IAQ level inside vehicle cabin.
Based on several studies, the IAQ level inside vehicle cabin was influenced
by several factors such as the material used to construct the vehicle interior
components, pollutants from the outside cabin and the user of the vehicle
itself (Abi-Esber & El-Fadel, 2013; Xu et al., 2015; You et al., 2007).
A liquid droplets and mixture of solid particles that were found in
the air is known as Particulate Matter (PM)((USEPA), n.d.). PM comes in
two shapes which are coarse and fine. The range of sizes or diameters of
coarse particles is from 2.5 to 10 micrometres, whereas for fine particles, the
diameters are smaller than 2.5 micrometres. In Malaysia, one of the existing
criteria to measure air pollutants is PM10 and an amendment has been
done by adding a new criteria which is PM2.5 (DoE, 2013). In the microenvironment such as inside vehicle cabin, most of the analysis done in the
previous studies used PM2.5 as an indicator to represent the air quality level
in different ventilation modes as shown in Table 1. Instead of ventilation
modes, the other parameters used to analyse PM2.5 concentrations inside
vehicle cabin is vehicle age. A study conducted by Abi-Esber & El-Fadel
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(2013) revealed that by combining both parameters; ventilation modes and
vehicle age, the concentration of PM2.5 is much lower for a new vehicle if
the ventilation mode used is AC Rec (Air Conditioning on with recirculation
air). This is due to the enhanced air tightness and absence of cracks and
leaks in new vehicle cabins compared to old ones. The other reason is the
new and enhanced particle filtration system for a new vehicle, which also
contributed to the lower PM2.5.
Table 1. Comparative Assessment of PM2.5 Concentrations inside Vehicle
Cabins
Study

Location

Level

Type of
Reading

Type of
Vehicle

Method of
Measurement

Ventilation
Mode

(Charles
Rodes, Linda
Sheldon, Don
Whitaker,
Andy Clayton,
1999)

Sacramento
CA

10.8

Mean

Sedan Cars

Gravimetrically

Window
closed,
medium fan
speed, vents
open or
closed

(Charles
Rodes, Linda
Sheldon, Don
Whitaker,
Andy Clayton,
1999)

Los Angeles
CA

43

Mean

Sedan Cars

Gravimetrically

Window
closed,
medium fan
speed, vents
open or
closed

(Riediker et
al., 2003)

Raleigh NC

23

Mean

Patrol Trooper

Gravimetrically and
with a DataRam
nephelometer

AC on
recirculation

(Boogaard et
al., 2009)

Netherlands

48.9

Mean

Sedan Cars

Portable TSI
DustTrak, no
calibration

Window
closed, AC
off, fan on

(Adams et al.,
2001)

London, UK

35.7

Mean

Sedan Cars

Gravimetrically

Open
windows

(Levy et al.,
2002)

Boston MA

100

Media

Sedan Cars

Potable TSI
DustTrak calibrated
to tapered
element oscillating
microbalance

Open
windows

(Huang et al.,
2012)

Beijing, China

31.6

Mean

Taxi

Portable LD-6S
spectrometer
calibrated
gravimetrically

Window
closed, AC on

(Both et al.,
2013)

Jakarta,
Indonesia

87

Median

Sedan Cars

Portable TSI
DustTrak calibrated
to beta attenuation
monitor

With and
without AC

(Abi-Esber
& El-Fadel,
2013)

Beirut,
Lebanon

71

Mean

Sedan Cars

Portable TSI
DustTrak, no
calibration

Window half
opened,
AC on
recirculation,
AC on fresh
air

(Source: Author)
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Ding et al. (2015) conducted an experiment to measure indoor and
outdoor ratio (I/O) for PM2.5 concentration in different ventilation modes.
It is found that when the air inside vehicle cabin circulated with outdoor
air, the high ratio indicates that outside PM2.5 is the main contributor
to the high concentration of PM2.5 inside vehicle cabin. If the air inside
vehicle recirculated with outdoor air, the ratio that was obtained differed.
The lower value of ratio indicates that the vehicle body could block the
entry of PM2.5 concentration from the outside. Comparing the two figures,
it can be concluded that the influence of ventilation mode on the I/O values
and PM2.5 concentration levels inside the vehicle is significant. To monitor
the exposure limit for PM2.5, United States Environmental Protection
Agency (USEPA) and World Health Organization (WHO) had introduced
the guideline that can be used as a reference by public. Table 2 shows
the summary of PM2.5 permissible exposure limit (PEL) for these two
agencies. USEPA had set two different standards for annual concentration
limits which are primary and secondary. The primary standards set limits
to protect public health, including the health of at-risk populations such as
people with pre-existing heart or lung disease (such as asthmatics), children,
and older adults, while the secondary standards set limits to protect public
welfare, including protection against visibility impairment, damage to
animals, crops, vegetation, and buildings.
Table 2. Summary of PM2.5 Permissible Exposure Limit (PEL)
Averaging Time

Permissible Exposure
Level (PEL), USEPA, 2012

Permissible Exposure
Level (PEL), WHO, 2005

24-h

35µg/m3

25µg/m3

Annual

12µg/m3 (Primary)

10µg/m3

15µg/m3 (Secondary)
(Source: Author)
In studies related to vehicle indoor air quality, there are many types of instruments and methods
used to measure pollutants inside the car cabin. The instruments or methods to be used are determined
by the types of pollutants to be measured. Normally, most of the previous studies used direct-reading
instruments due to ease of operation and the data recorded is more accurate. For instance, Abi-Esber and
El-Fadel (2013) used DustTrak analyzers to measure PM2.5 in their study, where the accuracy of this
instrument is 0.1% of the reading. Other than PM2.5, a few studies such as the study conducted by Xu
et al., (2015) used direct-reading instruments to measure total volatile organic compounds

(TVOCs). TVOCs does not represent all types of volatile organic compounds
(VOCs). Theoretically, there are many types of VOCs and there is no directreading instrument in the market that is able to measure all the VOCs types
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concurrently. Besides, active air sampling is a method usually used by the
researchers to identify the types and the concentrations of VOCs. Yoshida
and Matsunaga (2006) used this method to analyse 162 organic compounds
in their study.
People use vehicle to travel from one place to another for various
purposes. According to the statistic from the portal of Malaysia Local
Authority which is Road Transport Department, in 2015, the total number of
vehicles active on the road was about 18 million units (JPJ Malaysia, 2015).
This large figure strongly supports that vehicle is an important and essential
necessity in human life for daily activities. The large number of vehicles
commuting on the road contributes to traffic congestion especially in the
major cities and this has increased the travelling time. Due to this situation,
vehicle cabin is essentially a part of a living environment. However, the
awareness among people about it is still lacking. There are a lot of previous
studies that have been done in order to gain new knowledge regarding
VIAQ and the same thing goes to this study, where it aims to investigate
the effects of different ventilation modes to the concentration of PM2.5
and indoor temperatures.

METHODOLOGY
For this study an experimental design was employed. The experimental
work was conducted in three different ventilation modes which are air
conditioning off and circulated with outside air, air conditioning on and
circulated with outside air, and air conditioning on and circulated without
outside air. Table 3 shows the details of ventilation modes that were set
in this study. Since this study also aim to investigate the effect of indoor
temperature to PM2.5 concentration, data collection activity was conducted
between 10.00 am to 4.00 pm as the sun loads within this period is the
highest (Jasni & Nasir, 2012).
Table 3. Detail of Ventilation Modes
Types of Ventilation

Description

AC off RC off

Air conditioning off and circulated with outside air

AC on RC off

Air conditioning on and circulated with outside air
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AC on RC on

Air conditioning on and circulated without outside
air

(Source: Author)

The vehicle was driven on the selected route around Universiti
Teknologi MARA, Shah Alam at a constant speed as 30 ± 5km/h, in which
can be considered as a safe speed with an optimum air exchanged rate from
outside (Xu et al., 2015). This took 20 minutes for the measurement under
each ventilation mode before switching to another. The test was conducted
on a national sedan car and the detailed specifications is shown in Table 4.
The studied vehicle was manufactured in 2011, which can be considered
as an old car.
Table 4. Detailed Specification of the Studied Vehicle
Model

Dimension

Year of Manufacture

Nationally Made Sedan Car

Length, 4,257 mm
Width, 1,680 mm
Height, 1,502 mm
Cabin Volume, 10,742 mm3

2011

(Source: Author)

Figure 1. Interior Condition of Studied Vehicle
(Source: Author)

Data were collected using direct reading instrument which are
Environmental Monitoring Instrument (EMI) and Thermal Recorder. EMI
was used to measure the concentration of PM2.5. Meanwhile, Thermal
Recorder was used to record the indoor temperature inside vehicle cabin.
Table 4 shows the EMI and Thermal Recorder together with the detailed
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specifications. EMI is a portable area monitoring instrument with a laserphotometer that measures and stores concentration levels of airborne-dust
over time. EMI has four settings which include 2.5μm, 4μm, 10μm, or
none (100μm). Once the impactor setting was selected, the EMI measures
real time aerosol/dust concentration using a 90º optical light scattering
photometer to determine the total mass concentration (in units of mg/m3)
of particulate matter. Additionally, gravimetric sampling, a more accurate
method, was also used to determine the mass of particulates. The gravimetric
sampling is a type of filtering process in which the particulates are collected
and filtered into the gravimetric cassette after the dust passes through the
optical engine of the EMI. The pump was used in the particulate sampling
process as a source of air movement, so the particulates were aspirated (or
suctioned out) and collected for measurement. The flow rate was 1.67 L/
min. The pump was typically calibrated before each gravimetric sampling.
Thermal recorder is a temperature and humidity data logger. It was
designed to measure and record the data in wide range and more precision
with the accuracy of ±2.5% RH. The data can also measure and record in
the range of 0 to 99% RH at temperatures from -30 to 80 ˚C. The type of
temperature sensor used in this instrument was platinum resistance and
electrostatic capacitance type sensors. The logging capacity is 8000 data
sets at one time. Recording interval can be set from 1 second to 60 minutes.
Table 5. Instrument with Detail Specifications
Instrument

Detail Specification

Environmental Monitoring Instrument (EMI)

To measure the concentration of PM2.5
Method – photometer
Display range – 0 – 20,000 µg/m3
Accuracy - +/- 15% (Calibrated to
Arizona road dust; ISO 12103,
A2 Fine Test Dust)
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Thermal Recorder

To measure the indoor temperature
inside vehicle cabin
Sensor types - Platinum resistor
Accuracy - +/- 0.5˚C

(Source: Author)

The experimental works were conducted in two different days (MP1
and MP2) and the flow process is illustrated in Figure 2. Data collection for
both days were collected in 1 hour with three different ventilation modes
and the procedure was as follow;
1.All direct-reading instruments were allocated to the adult’s breathing zone
as shown in Figure 3.
2.To achieve a steady state condition, ventilation process was performed
for all the test procedures by opening the entire vehicle’s doors for
15 minutes.
3.The doors of the vehicle were closed, and the entire direct-reading
instruments were switched on to start data collection. Then, the vehicle
was driven through the dedicated route. The data collection started
with ventilation mode (AC off RC off), followed by AC on RC off
and finally AC on RC on. It took a total of 1 hour to complete the data
collection for all ventilation modes, and each of the ventilation modes
was changed for every 20 minutes. The measurement activities for
mobile test took place from 2.00 pm until 4.00 pm.
4.The results recorded from the direct-reading instruments were exported
to the desktop for further analysis.

40

Effects of Ventilation Modes on the Concentrations of Particulate Matter

Figure 2. Process Flow
(Source: Author)

Figure 3. Experimental Setup and Schematic Diagram
(Source: Author)
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RESULTS AND DISCUSSIONS
Figure 4 shows the results obtained from the experimental works for both
indoor temperatures and concentration of PM2.5. As mentioned earlier in
the research methodology section, experimental works were conducted in
two different days represented by MP1 and MP2. Overall, the concentration
of PM2.5 shows an inconsistent result for all ventilation modes (AC off RC
off, AC on RC off and AC on RC on). However, on average the patterns
for each ventilation mode express the downward trend. Under ventilation
mode AC off RC off, the concentration of PM2.5 was high, and this is
possibly due to the dusk or particle that entered the vehicle cabin when the
air was exchanged between the inside and outside. Another possible factor
is the existing dusk or particle inside the vehicle that entered during the
experimental setup. The concentration of PM2.5 was lower for ventilation
mode AC on RC off. This condition could be due to the dusks or particles
that were removed from the vehicle cabin by the air conditioning blower.
Under ventilation mode AC on RC on, the low concentration of
PM2.5 indicated that the dusks or particles from outside of the vehicle was
not able to enter vehicle cabin due to the no air exchange between inside
and outside air. The similar finding was reported by Ding et al. (2015) and
Abi-Esber and El-Fadel (2013) where the PM2.5 concentrations decreased
when ventilation mode was changed from (AC on RC off) to (AC on RC
on). The results gained from this study also showed a strong argument
with the theoretical transport or mass balance model that was derived by
Switzer (1992), where the in-cabin concentrations under ventilation mode
(AC on RC off) and (AC on RC on) were influenced by air exchange rate
from infiltration through vehicle crack (λinf) and air exchange rate from the
heating, ventilation and air conditioning (HVAC) system (λhvac).
Therefore, it is recommended to use ventilation mode (AC on RC on)
when driving a vehicle to get a better air quality level. However, it depends
on the driving route where it is suggested to use ventilation AC on RC off
if the route was in the green area without any potential air pollutants to
encourage the air exchange that brings clean air with the oxygen and remove
the carbon dioxide produced from driver breathing activity.
When the studied vehicle was moving with the AC off RC off mode
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for both days MP1 and MP2, the data for final measurements of indoor
temperature increased about 6% from the initial measurements. These
conditions occured due to the air conditioning system that was not working
and accelerated the sensible heat especially produced by the driver and it
was accumulated inside vehicle cabin. Besides that, the heat accumulation
also came from the outside environment, where it entered the vehicle cabin
through the air exchange process inside and outside.
The measurements of indoor temperature suddenly decreased by about
6% for both days MP1 and MP2 after the ventilation mode was changed
from AC off RC off to AC on RC off. This was because the sensible heat
and outdoor heat from environment that accumulated inside the vehicle
cabin was absorbed and released to the outdoor environment by the air
conditioning system. Under the last ventilation mode, which was AC on
RC on, the measurements of indoor temperature keep decreasing until the
end of the experimental works for both days MP1 and MP2. The air inside
vehicle cabin was circulated without outdoor air and subsequently the
heat from the outside environment was unable to enter the vehicle cabin.
Therefore, the air conditioning system kept working to absorb and remove
only sensible heat inside the vehicle cabin.

Figure 4. Variation of Indoor Temperature and PM2.5 During Mobile Test
(Source: Author)
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Figure 5(a) and (b) show the comparison of PM2.5 concentrations
obtained from this study with the standard guideline introduced by WHO.
Overall, the result showed that the concentration of PM2.5 was the
lowest when the vehicle was driven using air-conditioning system and air
recirculation mode (AC on RC on), in which the median recorded for both
cases MP1 and MP2 were 8 and 3 times lower than the allowable limit.
Furthermore, the average concentration of PM2.5 which was lower than the
allowable limit by WHO guideline indicated a good air quality level during
this mode. As aptly put by Praml and Schierl (2000), the concentration of
particle inside vehicle cabin was originated from external sources such
as road traffic, where different location of the study resulted in a different
concentration level.

Figure 5. Comparison with Standard Guideline for (a) case MP1 and (b)
case MP2
(Source: Author)

CONCLUSION
As a conclusion, the results gained from this study show that ventilation
modes did affect the concentration of PM2.5 and indoor temperature. It
is suggested to use ventilation mode (AC on RC on) to get a better air
quality level especially related to PM2.5 concentration as this is where the
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lowest concentrations were recorded in this mode. Other than better air
quality, it also provides a low indoor temperature which contributes to the
comfortable environment especially to the driver. However, this depends
on the environment of the driving route. If the area was clear from any
potential air pollutant, it is better to use ventilation mode (AC on RC off)
to encourage more oxygen getting into the vehicle cabin and concurrently
remove the carbon dioxide produced by the driver’s breathing activity.
A comparison with the standard guideline introduced by WHO shows
that the concentration of PM2.5 does not exceed the maximum allowable
limit for ventilation AC on RC off and AC on RC. This indicates that these
two ventilation modes are recommended to be used when a driver drives
a vehicle.
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ABSTRACT
This research presents a systematic review of the state-of-the-art research
for interaction/ cooperation between humans and robots (HRI/HRC) in
construction considering different types of robots. This paper represents,
investigates, and further discusses the different domains of studies in
terms of systems, metrics, and types of interactions and types of relative
construction possibilities. The main goal of this research is to understand
which type of relationship is studied in construction research and whether
they have considered the interaction of humans and robots in construction.
Also, it will identify the future of robotic construction and communication
with humans in the research.
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INTRODUCTION
Based on the Oxford Dictionary, construction is defined as gathering together
different parts of the building and performing work to build a physical
environment. So based on this definition, we are considering the interaction
between humans and robots in construction activities. Consequently, there
is no limit for the consideration of construction definition; either it should
be the field of infrastructure (bridges, tunnels, etc.) or building construction.
And we can apply the boundaries of this research in the whole domain of
automation in construction.
Construction automation is one of the most critical research fields
in recent decades, and it is followed by the application of automation
technologies in different parts of construction (i.e. architecture,
environmental engineering, civil engineering, etc.) even in prefabrication
of various building materials components (Cousineau et al, 1998). The main
aim of construction automation is to reduce the cost and time of performing
a construction project with significant improvements in safety, corporation,
and collaboration between humans and technology. The field of construction
and building activities are prone to consider the robotic technologies as a
part of the construction process (Parker, 2015).
In this research field, several researchers have worked on the topic
of the interaction between robotics and humans. Recently after the first
effort in Japan in the 1980s, there are different motivations for finding an
interaction between humans and robots in construction. On one side, there
is a demand for construction safety, quality assurance of challenging tasks,
and shortage of the number of workers active in construction and on the
other side introducing new technology related to robotics to the field of
construction.
All the mentioned factors have motivated researchers to investigate
the co-relation of humans and robots in construction. Besides, machines
and robots are able to perform various difficult tasks whereas people are
not able to perform these tasks because they are either unsafe or impossible
to do in harsh hazardous environments. Furthermore, without using robots,
humans are not able to perform difficult and complicated construction.
Within this framework, there is a need to further contemplate the relation
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and interaction of humans and robots in the construction field.
Bearing in mind that since 1980, a significant portion of technology
development in machinery and information has happened, different
studies have been performed in automated construction elaboration, and
in recent years there is a trend to further investigate the HRI (HumanRobot Interaction) and HRC (Human-Robot Cooperation) in the field of
technology.
The primary aim of this research is to understand which type of
relationship is studied in construction research. Also whether they have
considered the interaction of humans and robots in the field of construction.
Therefore, this research tries to answer the following sub-questions
parts:
i.What types of robotic applications are conceivable in construction?
ii.What are the different types of possible interactions between humans and
robots in the construction environment?
iii.What is the preeminent and optimum model for the collaboration of
humans and robots in construction?
iv.What kind of construction activities can be taken by interaction (or the
cooperation) of humans and robots?
To answer the mentioned questions, a systematic review should be
the best approach in order to understand to what extent this topic is being
addressed in the recent research in construction and maintain a literature
review.

LITERATURE REVIEW
It is necessary to understand the correlation between humans and robotics
and besides follow up with this association in construction. Some researches
(Parker, 2015b) defined the possible corporation between humans and robots
in three main fields: manual assembly, hybrid assembly, and fully automated
assembly. Based on these researches it is possible to consider all of the three
different fields in the domain construction of robotics.
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Figure 1. Possible ways of HRI/HRC
(Source: Parker, 2015b)

Based on this study, HRI is a promising aspect of achieving favourable
production cost, an optimal combination of human and robot skills, increased
efficiency, productivity and reduction in human stress and workload. On the
other hand, although human-robot interaction is an advanced research area,
the industrial robots are still not autonomous enough to allow interaction
in such defined levels. In another research, a collaboration between human
and robots are defined as “working jointly with others to perform shared
goal in an internal endeavour” (Green et al, 2008), and it had defined three
types of interaction between humans and robots: robot as a tool, guide
hosting and assistant robots, and humanoid robots.
Table 1. Summary of the Most Critical Reviewed Paper in Human-robot
Interaction (HRI) and Human-robot Cooperation (HRC) in Construction
Row

Research purpose

Method

findings

Ref

1

presents the
development of a
methodology for
evaluating a robotized
construction task

By examining and
comparing various
ways to share the work
between robots and
human operators and
workers.

*economic benefits
of human-robot
collaboration

(Kahane et
al, 2004)

2

Describe dialogue
used among human
to communicate and
cooperate with robot
agents

Performed peer-to-peer
interaction joint actions
are supported and
the construction tasks
agreed by both partners.
(human and robot)

*Defining HRI models
based on peer-to-peer
human-human or
human-robot joint action
dialogues.

(Foster et al,
2006)
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3

Performing risk
analysis HRI.
Identification of
significant threat
implementation of
efficient protection

Using model-based
safety analysis approach

*Facilitating interaction
between human and
robot by safety measures
derived from risk analysis
approach

(Fong et al,
2006)

4

Improvement in the
automation system
for curtain-wall
installation

Define the control model
in HCR according to the
sort of contact conditions
and using the adjustable
impedance factors.
Performing experiment
to validate the model.

* Better handling heavy
material in construction
sites and installations
with relatively less forces.

(Lee et al
2007)

5

Implementation and
using cooperation
bas control for
mobile robots in the
installation of curtainwalls.

Define control method,
which contains HCR
mode — required new
hardware and software
to compose robots' basic
system.

*The new safer and more
efficient model, HCR
model.
*Possibility of
implementation of
different construction
materials

(Lee et al
2007)

6

Present unified
treatments our
human-robot
interaction related
problems

Using survey
questionnaires

*Defining five types
of human-robot
interaction: teleoperation,
mediated teleoperation,
supervisory control,
collaborative
control, peer-to-peer
collaboration.
*The only human-robot
cooperation:Human
supervisory

(Goodrich et
al, 2008)

7

Using augmented
reality (AR) to
investigate the
possibility of humanrobot collaboration in
a team

Using AR augmented
reality and humanrobot collaboration
system architecture
as experience tools
to testify possibility of
simulation with an AR in
HRI/HRC

* several advantages
over using AR for
stimulation of HRI and
HRC
*A multi-dimensional
approach in developing
the human-robot
collaborated system
would be the most
effective System.

(Green et al
2008)

8

Introduces the
prototype of improved
multi-purpose
field robots for
construction

Implementation of a
human-robot interface.
Performed dynamic
modelling of humanrobot interaction

*Defining a two-phased
HCR:
installation of
construction material
by carrying materials to
an installation site, the
inserting materials in the
proper position

(Lee et al,
2010)
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Proposing new
methodology for a
heavy-duty glass
glazing installation
help of robots

Using experimental
studies

*The corporation of
human robots is more
efficient in work time,
performance and force
interference. Possibility
of combining this method
with operation control
and robot power

(Bock et al,
2011)

10

Experiencing rapid
prototyping in recent
robotic fabrication

Using mobile robots
as the main tool
for fabrication and
construction, mainly with
masonry bricks.

*Identifying the need
to design a platform for
human-robot interaction
to optimize the
corporation process.

(Helm et al
2012)

11

Future investigation
application for
mobile robots’ units
in construction and
Interaction of humanrobot interaction
paradigm new
construction Sites.

By combining the
precision of the machine
with the innate cognitive
human skills, a simple
but effective mobile
fabrication system is
tested for the building of
algorithmically designed
structures that would
not be possible through
conventional manual
means. share control
responsibilities between
human and machine by
3D Scanning of Hand
Movements

*a deeper understanding
of the interpretation
of human robots in
construction within
digitally controlled
machines

(Helm et al,
2012)

12

Proposed installation
methodology based
on HRI installation of
glazed window

Analytical comparison
between three different
installation methodology

*The glass installation
work using intuitive
manipulation device
is more efficient while
this method combines
operator's control ability
and the robot's power

(Gil et al,
2013)

13

Defining the metrics
in human-robot
interactions.

Using a systematic
review of 29 papers
in which the metric of
human-robot interaction
was introduced.

*Considering five main
metrics of human-robot
interaction: productivity,
efficiency, reliability,
safety, co-activity

(Murphy et
al 2013)

14

Introduces a new
method of humanrobot cooperation

Using TRCI Robot as
a test robot glazing
installation

*Improvement in
productivity
*Improvement in safety
*Reduction of working
time
*Reduction in danger
*reduction the number of
workers

(Lee et al,
2014)
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Investigation of the
system for humanrobot collaboration for
on table task

Performing experiments
using PR2 Robotics
research platform by
using 5 action selection
strategies: proactive,
autonomous, reactive,
human requested, and
human comments

*simple bridge-building
tasks with which people
were interacting revolved
around preferring to have
proactive action selection
interaction.

(Schulz et al,
2017)

16

Define a
communication
language and
platform between
human and robot in
construction

Preposition of a
theoretical model
for human-robot
communication
management

*Defines basics
for human-robot,
Communication in
construction

(Turek et al,
2017)

17

Introduces robot
acceptances safety
model

Use immersive virtual
environment VR to
test the safety by
using masonry brick
composition tasks.

*Improvement in safety
level by separation the
working environment of
human and robots

(You et al,
2018)

18

To introduce tower
construction as a new
field for collaboration
between human and
robot (HRC)

Using tower-construction
as a single human single robot corporation.
Using new experiments
to investigate the
corporation of robot with
multiple human

*Introduction of a
resource distribution task
to collect data in HRC
in order to designing
human-robot interaction
strategies

(Jung et al,
2018)

19

The Pictobot and
human collaboration
analysis

Considering human
as an upper-level
decision-maker for robot,
and judgments and
perception of workers
becomes an upper-level
planner for robot

*Having more reliance on
skilled workers, improved
productivity and decrease
human exposure to
harmful environments

(Asadi et al,
2018)

(Source: Author)

Japanese companies were the first to use automated construction
and integrate robots in construction. With the help of a robot to mount
single-glazed window robotic installation or constructing a steel-reinforced
concrete building using prefabricated components (Khoshnevis et al, 2006).
Although in comparison with the other industries, the construction sector
has the lowest rate of using robots or automated technologies (Khoshnevis
et al, 2006).
Automation constructions as a small part of a construction process
framework mainly were included in the construction of buildings, tunnels,
bridges, and infrastructures assembly or finishing interior and exterior
materials and building concrete structures (Balaguer et al, 2008). Another
research (Ardiny et al, 2015) classified three main tasks in robotic
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construction activities:
a) Activities based on gathering different types of building materials
fabrication and finishing (such as bricklaying).
b) Joining and assembling rigid parts of the buildings and structures (such
as welding different parts).
c) Forming process of manipulation of materials (city cutting disposition
machinery and digging).
While based on (Khoshnevis et al, 2006) there are five different areas and
a superior construction could be practical by using robots. In this
paper, we have summarized related researches based on these five
following applications:
Automated Construction of Vertically/ Horizontally Oriented
Buildings
It includes the attempts of engineers to make the construction repetitive
and frequent task, profession or practices automated. It originates from
Japan where major contractors wanted to apply the potential of integrated
robots as a supplementary of building construction (Bock, 2011). The
single task construction robots were assistants of workers by performing
frequent, repetitive, specific construction tasks (for example, digging,
concrete levelling, concrete finishing, painting) or physical activities that
were labour-intensive in a confined course (vertically or horizontally). The
common feature of these kinds of robots is specification in performing a
task, increasing the productivity in comparison with workers doing the
task, increasing the quality of the results, reducing material consumption
and saving in material usage (Saidi et al, 2016). Lack of integration in
these types of single-task robots with parallel, upstream or downstream
execution of work incurred their progress toward integrity in performing
the construction works (Bock, 2015).
Housing Production
The advent of 3D printers facilitates manufacturing of complicated
prototypes. It is denominated rapid prototyping (RP) but the scale of the
printed products is limited because of restriction on the scale of the printers.
Printing the entire building needs more advances in large-scale printers
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to perform. There has been fruitful progress in developing large scale 3D
printers to reach the goal of printing the whole building (Amsterdambased DUS architects and Qindoa Unique Technology) (Wu et al, 2016).
A significant example is the mobile construction robot CyBe which is an
arm-based system with the ability to fabricate a large-scale 3D print concrete
structure in-situ (Dörfler et al, 2019).
In the construction sector the partial application of the robot is
commonplace; for example, prefabricated components of the building may
be constructed in an automated production line in a factory. Besides, some
of the construction works can be performed on-site with the combination of
the potential of the robust robots and the intellectual ability of humans. The
industrial robot dimRob and similar in-situ fabricator is a good example of
the implementation of the man-machine interaction paradigm (Helm et al,
2012; Giftthaler et al, 2017).
Novel Construction Markets Accessible through Automated/
Robotic Construction (Construction in Space, Sea and Deep
Sea, Desert, Arctic areas, etc.)
The research revolves around using construction methods in severe or
exceptional conditions is not unprecedented. Military and army sectors are
the pioneers in this field. For example, ground-based forces are interested
in applying robotics and autonomous systems (RAS) as assistants in
construction. RAS help the military forces in performing partial or full of
the work of construction (Ha et al, 2018).
Some attempts have been made by ETH scholars and researchers to
use aerial robotic construction (ARC). Their ability and locomotion in the
air can increase their capability in manoeuvring. The advantages of the
mentioned system, such as obviating the need for scaffolding, having the
ability to scalable make this topic interesting; however, its effectiveness in
the architectural construction is an obscure concept (Gambao et al, 2006).
Various applications of robots in different construction contexts (such
as space, sea, and deep sea, desert, arctic areas) make it in fact, a fresh, and
appealing field of research.
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Automated Building Servicing and Maintenance
Apart from the multitude of automated facilities and assistive robots
that are available to help the elderly or people with disabilities (Gambao
et al, 2006; Borangiu et al, 2012), there are several examples that indicate
the application of robots in building servicing and maintenance. Although
there is potential to introduce new applications, some of the current robotic
services in the building industry already include cleaning facades, coating,
and painting exterior walls, wall cleaning, and wall washing machines
(Gambao et al, 2006).
Automated Deconstruction and Re-Customization
As the structure of a building have recyclable elements, controlled
demolition of buildings or structure can be performed by robots. Since
robots perform the construction precisely, they are capable of deconstructing
accurately in order to reintroduce the removed structural elements to the
fabrication system. There is an example of the mentioned process in Japan
where an automated floor-by-floor deconstruction were done by robots.
On the other hand, the old, decrepit elements can be substituted with the
new, robust components based on the needs and requests of clients (Saidi
et al, 2016).

METHODOLOGY
In this section, we are going to clarify the process of exclusion and inclusion
of the research papers to this systematic literature review. The first step is
the identification of the existing research in this domain. This report has
covered the web of Science and Google Scholar databases in the search for
documents that were related to this subject.
After conducting a holistic search in the web of Science, 8,494 journal
papers were selected. By applying inclusion and exclusion filters, the
number of articles came to 1049. Moreover, by performing final eligibility
considering, removing duplicates, and applying a screening phase the direct
contraction in construction environment the total number was 97 and directly
related papers were discussed for further analysis.
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The second step was screening and exclusion, the inclusion of the
research papers. Therefore, different articles were excluded if their primary
focus was out of the scope of HRI in construction. Furthermore, the research
scope precisely focused on the

Figure 2. Inference Mechanism
(Source: Authors)

Therefore, all the considered papers have indicated some types of
interaction between human and robots in the field of construction and have
passed the eligibility of the screening stage, and the most important findings
are represented in Table 1.

FINDINGS
A systematic review shows that the application of 3D printers and robots in
construction are widely used in the USA, Switzerland, Japan, and Germany.
There are different types of construction activities considered in the robotic
field, such as indirect and direct activities related to structure, building and
infrastructure, and on-site constructions. Among all, rapid prototyping is
one of the best fields that is using more and more robotic implementation.
The primary goal of HRI is advancement of manufacturing. While in this
progression, the role of human is to be a supervisor of the tasks and this
interaction in industrial environment construction robots is the dominant idea
(Parker, 2015). Cooperative tasks are not always taken into consideration
as a simulation phase or not widely used in HRI.
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In this area, simulation for human-centred interaction should be one of the
challenges. Planning and provision of low cost and easy to use tool for
evaluation is another challenge. HRI and programming is the main area that
warrants significant attention for researches, but there is still a big challenge
in considering the complex system for a robot for perception and interaction
in a way that makes a robot social and cognitive. That is the principal value
of operation for communication in human environments.
Existing gaps in this field are as follows:
1.The first and most crucial challenge is to identify the best possible
solution to produce decision-making between humans and robots
in construction. There is a need to define complexity of tasks in
construction, outline whether completion of this task is possible which
results in supervisory of human over robots. Moreover, if there is a
need for collaboration or supervisory what should be elements and
limits for such cooperation for supervisory.
2.To give more autonomy to robots to perform construction works, there
is a need to introduce sophisticated decision-making frameworks to
be able to delegate tasks to robots in construction sites. Also, task
planning and coordination as part of HRI/HRC research investigation
is necessary.
3.There is absence of uncertainty and risk analysis in using robots in
construction and managing related issues due to complexity of the
performance in such automotive construction. The gap in research of
uncertainty and risk analysis such as automation construction is clear.
4.Defining safety strategies should be one of the most important steps for
future studies.
5.There is a gap in finding the distinction between fixed and mobile robot
systems and interaction of each system with humans. Certainly, using
mobile robot system in construction could give us great flexibility
in performing contraction works, but lacking the framework in
positioning for accurate systems or precision self-positioning of
robots can cause a major problem in the interaction between humans
and mobile robots in construction. Defining positioning and action
in fixed orbits is easier than mobile robots therefore, in this field it
is important to consider from the action-reaction side positioning of
mobile robots. Human-robot collaboration requires a robotic system
to understand spatial referencing.
6.As robots are pioneers in using technologies, creative ideas of using robots
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in construction and human interaction should be expanded and the
future of these technologies and consideration complexities need to
have a fundamental platform to introduce the optimum solution for
building robot corporations in each construction task. As an example,
creative idea of flying robots should be one of the solutions.
7.There is barely any research in which the cooperation or interaction of a
group of humans and robots is considered therefore there is room to
consider teamwork construction with robots as a new field of humanrobot interaction. Indeed, construction is teamwork and group activity;
there are dynamic of different factors that could affect the interaction
between humans and robots.
8.By studying robot integration in construction, it is clear that the total trend
on the HRI is based on using the robot as a single based task performer
for the construction activities. Take for instance cutting, fabrication,
manipulation, and so forth. Although it should be considered as multitask performing operator (or decision-maker) in construction activities
and then consider the interaction of such robot with human.
9.The study of human-robot collaboration interaction is based on repetitive
tasks in construction and are dynamic in performing repetitive tasks
but are not considered in such study. Therefore, actions and reactions
of robots’ incorporation in dynamic test scenarios are still considered
as a gap, and it needs to be investigated.
10.Implementation of safety issues and incorporation as well as the
collaboration with robots in construction should be further analysed
by considering all mentioned different types of construction scenarios
for interaction between humans and robots.
11.The construction sector either needs to think out-of-the-box to implement
more functions for robot application in the construction process, as
stated by Helm et al (2012).
12.There is a great possibility of using augmented reality (AR) and virtual
reality (VR) as two functional bases for simulation of human-robot
interaction in construction.
13.In the area of interaction between humans and robots in construction
we can consider different levels of autonomy supervisory of human
cooperation or autonomy of robots. Therefore, in consideration of
autonomous robots in construction it has never been studied in this
field. Of course, such research should have critical challenges in terms
of safety technology and multidisciplinary for the research.
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14.Although there are multiple challenges facing this environment digital
human modelling, these tools promise robustness and adaptability in
HRI system and could be widely used in this domain (Parker 2015).

CONCLUSION
1049 scientific papers were analysed and the information is displayed
chronologically in Table 1. The mentioned table shows how the field of
research related to human-robot interaction has developed during the
years. This table shows the summary of the most critical reviewed paper
in human-robot interaction (HRI) and human-robot cooperation (HRC) in
construction which helped the authors to categorize the gaps that have not
been yet covered by scientific papers and recent research.
Chronological distribution of publications has shown that there is a
growing trend since 2000 and there is a high number of publications in the
last decade considering that last year had the highest number of publications
in the past decade.

Figure 3. Chronological Distribution of Publications
(Source: Authors)

Based on the literature review, construction materials and installation
of the construction materials is most important in the human-robot
interaction with the most top proportion applications, and there is room
to investigate further the multi-function robots, multipurpose robots and
human-robot interaction in robotic fabrication.
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Figure 4. Types of Construction Robotics
(Source: Author)

The main purpose of automation is improving the corporation and
quality between humans and robots, and it is vital to confirm high-quality
construction more rapidly and decrease the level of a hazardous environment
for human, and impossible tasks for humans are the most important aspects
of HCR/HRI.
This review shows that the application of robots in construction is
widely used in the installation and application of materials in construction
projects. Robotic technologies are popular in construction publicly for
various forms of installations, 3D printers, and mobile robots. These are
involved with innovative construction of new material assembly. Besides,
rapid construction and prototyping are the recent trends of study in the
interaction of humans and robots in construction which can be proposed
to researchers to follow.
Table 2. Research Percentage in Robotic Domain
Robotic domain

Research percentage

construction automation

6.3

construction industry

16.7

construction materials

14.6

heavy duty glass

4.2

installing construction materials

6.3

intuitive manipulation device

4.2

MFR

4.2

mobile robotic fabrication

2.1

multipurpose field robot

4.2

robotic fabrication
Source: Authors

6.3
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ABSTRACT
Engagement in physical activity has been demonstrated by various studies
as one of the ways to curb the prevalence of chronic disease that is related to
deaths globally. Knowledge of how socio-demographic factors do influence
physical activity can have a significant social and economic impact, both
in the economic and family context. Thus, this article reviewed the existing
literature on the nexus between socio-demographic factors and engagement
in physical activity. Almost all evidences from the studies indicate that
men tend to participate more frequently in physical activities than women.
Individuals with higher educational and income background, the unmarried
and the younger ones have high probability of engaging in physical activity.
Identifying some of the socio-cultural factors that impede engagement of
women in physical activities in most developing countries is recommended
as it is a step towards enabling women to inculcate the habit of regular
participation in physical activities. Besides, by improving an individual’s
education one can enhance knowledge on the relevance of physical activity
on health and human wellbeing.
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INTRODUCTION
Physical activity is defined as “any body movement produced by
skeletal muscle that results in energy expenditure” (Caspersen, Powell,
& Christenson, 1985, p. 126) and includes a variety of activities, such
as walking, exercising, swimming, and dancing (Koohsari et al., 2013).
Physical activity can generally be categorized into several domains:
recreation, employment, transportation, and household activities. This is
becoming part and parcel of life in most developed nations due to its positive
impact on Health-Related Quality of Life (HRQoL). Besides, physical
activity can be undertaken within several domains of an individual’s life,
with work, travel and leisure-time. However, urbanisation and increasing
dependence on motor vehicles have led to a reduction in the amount of
physical activity (Shoham. et al., 2015). Thus, promoting physical activity
has become a global priority in public health (Beaglehole et al., 2011; World
Health Organization, 2010; Koohsari et al., 2013). Engaging in moderate and
vigorous physical activity is linked to better respiratory and immune system
function, lower body fat, lower cholesterol levels, greater sensitivity to
insulin which is related to lower risk of diabetes and cardiovascular diseases
(WHO, 2014). Physical activity equally influences mental health, increases
self-esteem and reduces depressive symptoms (Shepard & Brawley, 2007).
According to WHO (2015) physical inactivity is the fourth leading risk
factor for worldwide mortality, leading to about 3.2 million deaths globally.
In addition, it lacks physical activity and unhealthy dietary habits among
the population, and has been identified as one of the main contributors to
global burden of chronic diseases (Cheng & Holder, 2001).
In Malaysia, nearly two-third (71%) of all deaths in the country are
chronic diseases related (WHO, 2010). In order to address this sharp rise,
the government has increased the medical expenditure (Cheah, 2011; Lian
et al., 2016). The reduction in body energy expenditure, which is attributed
to low physical activity level, has also led to increase in the number of
people living with obesity (Herna´ndez and Ramos-Iba´n˜ez, 2009).
According to the authors, majority of the people appear to have opted for
less active lifestyles such as motorized transport, trains, sub-ways, and use
of mechanized equipment to perform domestic and occupational tasks that
was hitherto done manually. It is a fact that physical activity is a major
component of a balanced lifestyle, which enhances mental and physical
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health and provides opportunities for social cohesion and integration (Social
Report, 2010). Ragheb and Beard (1982) argued that one’s willingness to
engage in physical activities are predicated on attitude. If attitude towards
physical activities is high, the tendency to participate will be high.
Additionally, research on physical activities has been increasingly
focussed on the influence of physical environment and neighbourhood
setting on individual’s health and happiness (Hedayati et al., 2020).
However, many studies have identified socio-demographic factors such
as age, sex, income and education too do correlate with physical activity
behaviour. This paper therefore, aims at reviewing existing literature on
the influence of socio-demographic attributes have on physical activity.
METHODOLOGY
The literature review is categorized into socio-demographic themes. It
covered studies conducted in both developed and developing nations.

LITERATURE REVIEW
Socio Demographic Attributes
Behavioural theories associate physical activity influence with multiple
factors including intrapersonal (demography and psychology), interpersonal
(social support), environmental (distance to the facilities), and policy (laws
and regulations) (Vancampfort et. al., 2019). This is equally evident that
socio-demographic characteristics play an important role in determining
the rate of physical activity involvement among citizens. The influence of
socio-demographic attributes on physical activities especially in Western
countries have been examined in detail in existing literature (Lechner, 2009;
Eberth & Smith, 2010). The following subsections, discuss six most notable
socio-demographic factors that influence physical activities.
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Gender
Many researchers have analysed the relationship between physical
activity and gender across the various age brackets. The World Health
Organization (2010) reported that physical activities level was lower among
girls than boys. Other studies have equally found that males have a higher
propensity or more likely to participate in physical activities compared
with females (Barr et al., 2020; Rosseli et. Al., 2020; Cheah, 2011. In a
study on the influence of socio-demographic factors on physical activity
participation in a sample of adults in Penang, Malaysia, Cheah (2011)
reported that gender was positively related with the likelihood of frequent
participation in physical activity. Specifically, it was reported in the study
that males participated in physical activity more frequently than females.
Similarly, in a study in Ghana by Asiamah (2016) it was reported that
females engaged less in physical activities possibly due to their domestic
roles, relative weakness, unfavourable pregnancy conditions and childbirth.
In Africa and some other developing countries, women are saddled with a
lot of domestic works and the responsibilities of raising children, thus they
have little or no time to engage in physical activities. However, Brown
and Roberts (2011) found that females are less likely to engage in physical
activities if they have children under the age five or older children. Steptoe
et al. (1997) in their study found that gender differences were prevalent,
with males more likely to engage in physical activities than females. In
contrast to the earlier reported findings, a study by Muzindutsi (2016) on
the effect of socio-demographic factors on physical activity among
undergraduate students in South Africa, reported there was no significant
difference in leisure attitude (participation in physical activity) among male
and female students. However, in their study in Mexico, Herna´ndez
and Ramos-Iba´n˜ez (2009), they reported that Mexican women tend
to spend more time in moderate-intensity physical activities (ie those
physical activities that require less rigour physical activity and energy),
while men engage in more vigorous activities. The authors noted that
the differences recorded between the genders in physical activities vary
accordingly to other attributes such as age, economic status and size of
town. For example, women in rural areas were less active than men in
physical activities, whereas women in urban centres were more active than
men. This result may be linked to gender roles. Men in rural areas are
mainly engaged in agricultural occupations, while women spend most of
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the time on household chores and other agricultural tasks that require less
physical effort. On the contrary, in urban centres, men are employed in
commerce and service sectors, while women perform the household tasks
(Livingstone et.al. 2001).
Age
The effect of age on physical activity has also been established by
studies conducted in both the developed and developing world. Macie et.
al. (2017) examined socio-demographic factors, level of physical activity
and health-related quality of life in adults from Sao Paulo Brazil. The
study found that increasing age impacts negatively on physical activities
in both sexes. Macie et. al. (2017) further argued that the association that
exists between the increasing age and low participation in physical activity
can be explained by the fact that advancement in age is accompanied
with difficulties in locomotion, handling of instruments, maintenance and
adaptation of postures in various tasks of daily life. Ageing also reduces
engagement in physical activities because it is linked with conditions of
being married with more responsibilities, and susceptible to chronic diseases
(Asiamah, 2016). A study by Roselli et. al. (2020) found that physical
activity levels decreases during old age, with sedentary lifestyle dominating
the rest of life. This finding supports earlier study by Herna´ndez and RamosIba´n˜ez, (2009) who opined that increased age is associated with a lower
probability of engaging in physical activity. On the contrary, Cheah (2011)
reported that age is positively associated with likelihood of engaging in
physical activity frequently. According to Cheah, the older people tend to
possess greater knowledge on health benefits accruing from participation
in physical activity, thus their propensity to frequently engage in it. In a
study on co-occurrence of chronic disease risk factors among immigrants in
Australia, Sarich et al., (2015) found that middle age and older East Asian
immigrants (majority of whom are Chinese) to Australia, participate less
in physical activities than non-migrants (Australians). However, in their
country of origin, Chinese older adults exhibit much higher levels of
physical activities than older Australians (Barnett, 2016). The variations
in the level of participation have been adduced in part to better efficient
and better accessibility to public transport and destinations in Chinese than
Australian cities (Boakye-Dankwa, 2019; Barnett, 2016). Some studies
have also reported that the age group that participate in regular physical
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activities is between 40-49 (Bell and Stephenson, 2014; Eagleman, 2013).
Income
There are an increasing empirical literature examining the association
between economic resources and physical activity. Dolman and Lewis
(2010), in their study on the impact of Socio-Economic Position (SEP) in
sport participation among South Australian youth. They found that those
with low SEP identified more barriers to participate than those with higher
SEP. These barriers include high cost of access, transport availability, safety
and limited access to facilities. Herna´ndez and Ramos-Iba´n˜ez (2009), in
their study found that adults with very low socio-economic status dedicated
more time to walking than their counterparts in medium and high socioeconomic status. They further explained however, that no linear pattern of
frequency or relationship was identified on moderate and intense physical
activities based on socio-economic groupings.
Other studies have equally established the nexus between income and
engagement in physical activity. For example, Asiamah (2016) reported
that a significant relationship exists between income and engagement in
physical activities. In this study, engagement in physical activity decreases
with increasing income. According to Asiamah (2016), people with higher
income are busier spending more time dedicated to their work, which
likely resulted to their inability to engage in physical activity. Besides,
Brown and Roberts (2011) in their study on the economic determinants
for engagement in physical activity, reported that residing in areas with
higher income disparities has a negative impact on participation in physical
activities. Other studies have found a positive association between income
and participation in physical activities (e.g. Farrell & Shields 2002; Lechner
2009; Cheah 2011). The authors opined that higher income group in the
society are more enlighten, educated and can afford the time and resources
that may be needed, thus the propensity to engage in physical activities is
higher. In high income (Crespo, et.al, 1999; Varo et.al 2003), and medium
income (Monteiro et.al 2003; Salles-Costa et.al, 2003) nations, studies have
consistently shown that individuals with higher socio-economic status have
a greater propensity of engaging in recreational activities. Cerin and Leslie
(2008) noted that residents in lower-income housing areas with higher
socio-economic positions (typically measured by education, employment,
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and income) are more likely to participate in physical activities).
Occupation
The type of work an individual do may directly or indirectly affect
participation in physical activities. Some people by virtue of the nature of
their work, may in one way or the other be participating in physical activity.
This is common with people who are engaged unskilled labour such as
mailmen, and street sweepers/cleaners to name a few. In their study on
socio-demographic factors that influence physical activities in Mexican
adults, Herna´ndez and Ramos-Iba´n˜ez (2009), found that those engaged
in agricultural and fishing related occupations spent most time walking
, followed by those carrying out manual or domestic work. They noted
that vigorous-intensity physical activity was engaged more often and
for longer duration by those who are engaged in agricultural and fishing
related occupations. In a study by Asiamah (2016), employment category
was reported as one of the predictors of engagement in physical activity.
It was also reported in the study that people with alternative employment
were less likely to engage in physical activity. This condition increases
the working hours of an individual. The sector in which an individual
works determines involvement in physical activities. Physical activity
was found to be the lowest among individuals working in private sector,
while those working in public/government organizations had higher levels
of participation. The reason for higher level of physical activities among
public/government employees is because the government support workrelated physical activities. They explained that workers in private sector
in Ghana work under strict supervision, rigorous and stricter monitoring
than their counterparts in public sector. Thus, they have little or no time to
engage in physical activities. Other studies have equally showed that the
sector in which an individual works influences the level of engagement
in physical activities (e.g. Oliveira-Brochado et al., 2010; Sale, Guppy,
& El-Sayed, 2000). However, Dembe et al. (2005) noted that individuals
whose jobs are sedentary in nature with more working hours, do not have
the opportunity to engage in physical activities. In another study, Barr et al.,
(2020) found that self-employed individuals were more likely to participate
in physical activities compared with public and private employees, while
the unemployed had low level of participation.
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senior (second etc.) student, decreases the chances of participation in
physical activities). The senior students may have more leisure time (physical
activities) because of their familiarity with the campus environment and
have thus developed strategies for managing their studies. Individuals with
tertiary education have a higher probability of engaging in physical activities
more frequently than those with lower educational qualification (Cheah,
2011). Those with higher educational qualification may be more aware of
the health and social benefits of physical activities and thus are motivated
to spend their leisure-time in physical activities, particularly if their work
is sedentary (Barr et al., 2020; Mielke G.I. et al., 2015; Burton N. et al.,
2003). On the contrary, other studies showed that increased is education
is associated with reduced overall physical activities (Malambo P. et al.,
2016; Assah F. et al., 2015).
Marital Status
Past studies have shown mixed results on the association between
marital status and physical activities (Rapp & Schneider, 2013). A study
by Pettee et. al., (2006) found that married men engage in more physical
exercise compared to their single counterparts. Married individuals have
higher propensity to take part in physical activities frequently (Humphreys
and Ruseski, 2007). However, a number of studies have reported contrary
outcome, showing a marked decrease in physical activity after marriage
for both men (Rapp & Schneider, 2013; Eng et. al., 2005; Nomaguchi and
Bianchi, 2004), and women (Rapp & Schneider, 2013; Nomaguchi and
Bianchi, 2004; Salmon et. al., 2000). Similarly, it is also observed that the
unmarried are better engaged in physical activities compared with those
who are married (Asiamah 2016). Majority of unmarried persons are
younger, had a smaller number of dependents and more time to spend on
leisure and recreation (Oliveira-Brochado et al. 2010). According to Cheah
(2011), household commitments often borne by married individuals could
pose a restriction to frequently engage in leisure-time physical activities.
Additionally, Rapp and Schneider (2013) concluded in their study that
couples with young children tend to have their physical activity reduced
as well.
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Table 1. Summary Review of Other Related Findings
Author

Title of paper

Reported findings

Pinna & Murrau, 2018

Age Factor and Pedestrian Speed on
Sidewalks

Age was found
significantly
influenced physical
activity

Hand & Howrey, 2019

Associations Among Neighborhood
Characteristics,
Mobility Limitation, and Social
Participation in Late Life

Age was found to
have influenced
participation in
physical activities

Mandic, Hopkins, et
al., 2020

Differences in parental perceptions
of walking and cycling to high school
according to distance

Age, and
occupation as
predictors

Adkins et al., 2019

Differences in social and physical
dimensions of perceived walkability in
Mexican American and non-hispanic
white walking environments in Tucson,
Arizona

Race influenced
participation in
physical activity

Gdańska et al., 2020

Effect of 12-Week Interventions
Involving Nordic Walking Exercise and
a Modified Diet on the Anthropometric
Parameters and Blood Lipid Profiles in
Overweight and Obese Ex-Coal Miners

Race and age are
predictors

Efrossini D Patsou1
George T Alexias1
Fotios G
Anagnostopoulos1
Michalis V
Karamouzis2 , 2020
Leandro Fornias
Machado de Rezende
et.al 2014

Physical activity and socio-demographic
variables related to global health,
quality of life, and psychological
factors in breast cancer survivors
Sociodemographic and behavioral
factors associated with physical activity
in Brazilian adolescents

Income, and
education identified
as predictors

La¨mmle,. Etal. 2012

Socio-demographic correlates of
physical activity and physical fitness in
German children and adolescents

Age, social
economic status
of parents
were significant
predictors

(Source: Author)

CONCLUSION
Constantly engaging in physical activities has a plethora of health benefits
including risk reduction of premature death (WHO, 2009; 2018). Physical
activity is a vital component of any health promotion program and thus
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citizens, should be encouraged by the government to engage in physical
activities. Previous research indicated that changing lifestyles and dietary
habits among citizens with various socio-economic background has
contributed to increasing health consequences. This calls for serious
interventions aimed at improving physical activity participation among
the population. The review of existing literature done so far, shows that
socio-demographic attributes of individuals have a strong influence on
their engagement in physical activities. Among the socio-demographic
attributes identified in the existing literature are gender, income, age,
occupation, educational qualification and marital status. Majority of the
studies consistently found that men have a greater probability of engaging
in physical activities. In addition, income was found to positively affect
participation in physical activities. Individuals with higher educational
background are most likely to participate in physical activities. This could
be attributed to their level of knowledge and awareness on health benefits
inherent in physical activity. Some of the studies reported contradictory
results on the effect of some socio-demographic attributes have on physical
activities. This could be attributed to the setting (i.e. nation where the study
was conducted, location whether rural or urban etc.). Other mediating factors
could also influence the effect of socio-demographic attributes on physical
activities. Exemplify the contribution of the study
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ABSTRACT
The quality inspection of a solar farm construction is essential in ensuring
that the structural base to receive photovoltaic modules is built as planned.
The aim of this exploratory paper is to discover issues that could impede an
effective quality inspection. The evidence suggests that unethical behaviour
of the site personnel is the major factor, apart from poor drainage system
and poor documentation management, which have impeded the delivery of
quality. Unethical behaviour and the racism issues, which were unexpected
would be fruitful areas for further studies. The potential solar investor and
related stakeholders shall consider the above issues in future for a more
sustainable lifecycle.
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INTRODUCTION
Solar farms are in the limelight in the efforts of minimising environmental
impact while maximizing clean energy output. Evidently, the capacity of
photovoltaic usage expands rapidly every three to four years, which now
provides about 3% of the world’s electricity (Brunisholz, 2019). Malaysia
has shown interest in photovoltaic by harvesting solar energy in several
large successful projects. In addition to changing the electric generation of
the world, the development of solar farming transforms the experience of
the construction industry. It is widely known that the failure to overview
issues that can occur during the construction phase may not only contribute
to delays, but also can have an impact on the cost and quality of the project.
A successful solar project is an intensely comprehensive process with
strict guidelines and challenges that requires detailed quality and safety
approach. However, most of the research on construction quality focuses
on elements such as product or service quality (e.g.: Forsythe, 2016), the
quality management (e.g.: García-Bernal & García-Casarejos, 2020) or
quality environment and safety (e.g.: Soni & Trivedi, 2020). On the other
hand, to increase the performance of solar harvesting, numerous research
have been carried out on its technology (e.g.: Kodali & John, 2020), the
economy (e.g.: Tillmann et al., 2020) and geographical considerations (e.g.:
Watson & Hudson, 2015). However, there is a need for empirical research
to identify what actually happens during the quality inspection tasks of solar
project construction. By doing this, investors and contractors are therefore
able to reduce risks. There is no doubt that the performance and reliability
of photovoltaic modules and systems are topics that are attracting more
attention every day from various stakeholders. However, in recent time, it
should also come in combination with the project quality and sustainability.
Through an extensive quality sitework inspection, a high-quality and
sustainable solar farm can be certainly achieved. The aim of this paper is to
discover issues that could impede an effective quality inspection at a solar
farm construction in Malaysia.

LITERATURE REVIEW
The overall growth of Malaysia is reflected in its large rise of electricity
consumption (see: CEIC data, 2020). This increase in demand leads to
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Malaysia generating more electricity from diverse sources, including solar.
Schemes introduced by Tenaga National Berhad (TNB) have shown greater
extent of organisations and individuals in investing and supporting the solar
energy generation in Malaysia (see: Integrated Annual Report 2019, 2019).
Hence, more solar farms that incorporate the large-scale solar photovoltaic
panels are expected to generate clean electricity to be fed into the TNB grid.
In conjunction to this, potential solar farm investors, whom most probably
do not have sufficient knowledge on construction, would be lulled into
complacency that they are doing the right process for the first time. Tian
(2013) reported installation of solar at a school and affirmed that due to the
experience of the contractor and responsibilities they carried out during the
construction phase, the tight budget for the project did not disbursed for it
to be successful. This suggests that the investors and contractors shall reap
immense benefits from educating themselves on the quality performance
standards and plans.
Today, many projects have adopted the Quality assurance (QA) and
Quality control (QC) guidelines, which involve detailed processes and tests.
The failure to incorporate QA/QC results in construction defects and reduces
sustainability (Assaf et al., 1996; Tayeh et al., 2020). Among issues related
to quality practices at site are misconception of quality, poor performance
of vendors/subcontractors, lacked clarity of engineering specifications,
poor management/ coordination and communication, large volume of
work, time constraints and insufficient experience (Burati Jr et al., 1991).
Although extensive research has been carried out on quality management
system, there has been little qualitative analysis of its execution. Thus, it
is interesting to explore the ways in which each issue as above occurred at
site. Understanding the issues could help stakeholders to mitigate identified
risks during the construction stage and have a durable and sustainable solar
farm. As Manghani (2011) points out, sound quality system can have positive
effects such as client satisfaction, improvement of business opportunities,
elimination of waste and correction. Considering construction of solar farm
is an expensive operation and required to adhere to strict regulations, it is
best to provide adequate measures and assurances instead of wasting time
and money on rectification works. While it is agreed that people make
mistakes, the probability of rectifications can be minimised if sufficient effort
is made to control them. Hence, this paper attempts to provide overview of
quality issues of a solar farm for the investors and contractors to learn from.
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Whilst there are many components and processes involve in the scope of
construction, the focus of this study is limited to issues pertaining to quality
inspection only of a solar farm civil work package in Malaysia.

METHODOLOGY
This exploratory study has been carried out at 47MWAC Capacity Solar
Photovoltaic Energy Generating Facility located in Malaysia. Although
the collected data was rich, this paper condenses only the key points of
quality inspection of the solar farm construction. Hence, the methods of
construction work and tests, the safety and health inspections as well as the
detail explanation of the quality management plan are not described herein.
Data was collected through two methods for the research. First was the
participatory observation, which was carried out from 5 August 2019 until
20 December 2019 which focused on the methods of construction work and
issues related to quality management system on the field. The observation was
recorded in the observation diary. The second method was the unstructured
interviews carried out simultaneously with the observation to gain a deeper
understanding of the issues involved. Among the site workers interviewed
were the QA/QC engineers and Project Engineer and the interviews took
place at the site office. Each interview typically lasted for 30 minutes to one
hour and written in a notebook as recording was not allowed. The details
of the project, companies involved and their personnel are kept minimum
and anonymised as part of the research protocol. Data were analysed using
thematic analysis in Microsoft Words with colour coding based on the predetermined themes, which include “understanding of quality, performance
of site workers, clarity of specifications, management processes, volume of
work, time constraints and experience”. During the analysis, other themes
or sub-themes emerged which led to a more meaningful contribution in
discovering issues that could impede an effective quality inspection at a
solar farm construction in Malaysia.

RESULTS AND DISCUSSIONS
The site selected as the case study was one of the biggest solar projects in
Malaysia with 96,000 photovoltaic units installed in the total area of 124
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acres and contract value of RM17,000,000. During the construction of the
solar farm, a series of inspections were carried out before, during and after
the completion of works. Three QA/QC engineers were assigned to ensure
the quality of materials and services of the solar farm construction. One
engineer was appointed under the main contractor (named herein as the QA/
QC: main-con) and two others were under the client (the QA/QC: client).
This shows that the client was very concerned about the quality management.
All QA/QC engineers overseen the materials ordered, involved in every
stage of the construction of civil and structural elements and ensured the
completed works were done as planned. Accordingly, the implementation
of the QA/QC inspections involved the issuance of three key documents
known as the Request for Inspection (RFI), Non-Conformance Report
(NCR) and Inspection Testing Plan (ITP). The documents helped the QA/
QC engineers to carry out proper inspection in reporting and documentation.
The RFI was a formal paper-based document that provided the
views of construction works as planned and adhered to requirements. It
required signatures of the QA/QC engineers to indicate that the quality
of respective works was acceptable. RFI can only be processed once both
sides of QA/QC engineers were satisfied and had signed the form before a
report was prepared for the client. The QA/QC: client were more thorough
in the inspection process to ensure that the works complied with the plans
and guidelines. The client was looking at the best possible way to control
their cost within the budget without compromising the quality of the
construction. On the other hand, the main concern of the contractor was
more on the time and cost. It was found in the qualitative study by Bowen
et al. (2002) that clients perceived project quality to be more important
than time performance as opposed to the contractors and consultants,
however, the reasons behind the different perceptions were uncertain. Due to
subjectivity of the phrase ‘minimum requirement of quality’ from the client
and contractor perspectives, the QA/QC engineers had different views as to
the level of acceptance for RFI approval. Although the QA/QC: main-con
inspected new items, working platforms activities, soil tests, concrete tests
and solar farm structural elements and given his approval, there were some
instances where his decisions were out-slashed by the QA/QC: client, based
on field inspection. The QA/QC: client expected high level of quality for
the money that they have invested in and for the sustainability of the solar
farm in the future. The contractor, nevertheless, had to meet the deadline to
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avoid any incurring additional cost. Thus, the contractor would accept lowquality work for some minor tasks, otherwise the progress might be delayed
without a time extension. Looking at both perspectives, the client had the
right to not approve the RFI in ensuring high quality. At the same time, the
QA/QC: main-con also wanted to deliver quality tasks but his challenges
in handling unreliable labourers, supervisors and unpredicted weather were
among some factors that impeded the process. The quality of the works under
the contractor, however, can be called into question since works carried
out were just on the surface and not following the method statement. For
example, the QC/QC: client issued a Quality Incident Reporting after they
detected that the geotextile material had no over-lapping at certain working
platform and that the water detained in the excavated area was not pumped
out before backfilling. This indicates unethical conduct, poor supervisory
performance and unreliable sub-contractors at the site, which can be seen
by client as the red flag for current progress and future projects. The QA/
QC engineers from both sides and related site personnel held a meeting to
decide on the actions that should be taken. Such major rectification required
progress to be halted and rescheduled which resulted in the financial loss
borne by the contractor. Apart from what have been detected, it was observed
that the depth of excavation at certain areas was lesser than as planned, the
overlapping of geotextile underneath the ground was insufficient and each
of the backfill soil layer was not compacted at every 300mm as according
to the specification. This unethical work conduct shows the character of
the sub-contractor in carrying out their works or the main contractor in
supervision. Although the QA/QC engineers were dedicated in doing their
job by ensuring quality control, the unethical conduct of sub-contractors
and poor supervisory were not easily identified due to the huge size of the
project in question.
The QA/QC: main-con sometimes had arguments about the work
process and conflicts such as delay of inspections and approval from the QA/
QC: client due to quality misconception. Not only that, the QA/QC: maincon also received pressure especially from the Project Director to speed up
the inspection/ construction works, although the time and other resources
given to him were limited. For example, only one 4x4 car was provided by
the contractor for the site use. As a result, the QA/QC engineers and other
site personnel had to wait for their turn to use the car to carry out their
duty in the large site area. This has slowed down the work of the QA/QC
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engineers in carrying out inspection works at the site. In order not to delay
their tasks, the QA/QC: main-con as well as other site personnel had to use
their own vehicle and absorbed the cost for any damage. Furthermore, the
progress of the project was affected due to constant rainfall. The drainage
system at the site was not properly channelled to the nearest river, which
has caused several occasions of floods. As Lebel (2020) observed, many
solar projects have failed to properly plan and manage storm water runoff
during construction, which resulted in unwanted consequences. Moreover,
the drainage system has often been overlooked at the site. To make matters
worse, the contractor also had a high turnover of workers. The labourers
had once gone on strike due to unpaid wages. Their wages were cut by
the Project Director, who assumed that the labourers came late to the
site and went back early as they wanted. However, the labours did their
job accordingly but were not given a punch card or any other system to
measure their working hours. A police report was made against the Project
Director and the contractor. Their salary was then paid but slower than as
promised. Making decisions without sufficient knowledge had disrupted the
construction progress and caused dissatisfaction among the workers. This
confirms the findings of Haupt & Whiteman (2004) that senior management
commitment and involvement is critical for effective quality management,
and thus they must provide and lend continuous support for quality programs
to be successful.
In addition, a few workers of a certain ethnic minority (at the site) have
also faced racism and discrimination at the hands of the Project Director,
which is an unexpected finding. This has adversely affected the emotions of
the workers, which can lead to poor work performance, health and quality
of life. Racism has grown into a research subject in the construction field
(e.g.: Dunn et al., 2011; Monteiro, 2018). This issue seems relevant here
and is an area which is worthy of being further explored in future research
on how racism among site personnel can influence the quality of inspection
in the construction industry. As a result of all the above issues, the QA/ QC:
main-con and a few other workers had resigned and refused to continue
their work contract. Due to the decreased number of site personnel, other
remaining employees were given more tasks or a wider job scope to ensure
work is completed on time while safeguarding the interests of the company.
But the senior management did not hire new employees because the project
had only two months remaining for completion. As a result, the site Quantity
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Surveyor was assigned to carry out the duty of the QA/QC: main-con.
However, she was not able to understand most of the works related to quality
inspections and had to constantly contact the previous QA/QC: main-con.
The incompetency of workers and multi-tasking approach as found by
Latif (2014) resulted in poor work standards and lack of accountability.
Similarly, in consequence, it was informed that the performance of the
quality inspections by the contractor had reduced. However, data on how
and what have been affected were not available as the data collection period
has ended during this time.
In quality inspection process, all RFIs were attached together with
the ITP, a document that described the approach to testing of materials
or construction works at the solar farm. An ITP is a guideline or plan
designed to ensure that the QA/QC engineers can work as according to
plan, specifications and standards. The ITP included earthworks, cable
trench works, internal road works, drainage works, survey works, piling
works, gabion and stone pitching perimeter fencing, concrete plinths and
retaining wall. Through proper inspections, many items ordered from the
suppliers were detected as not being delivered as requested. For example,
the QA/QC: main-con inspected that the c-channel connectors were
delivered in the wrong size, many honeycombs, and damaged U-ditch at
the working platform. Based on the ITP and RFI, an NCR was issued when
any non-conformance work was discovered such as completed works did
not meet the specifications or when elements were not built according to
the drawings. NCR detailed the problems, solutions and any corrective
changes carried out. It was found that NCRs have led to delays in work
progress, required additional resources to correct the situations and raised
pressure on the contractor. Even when some of the rectification works were
minor, the process of NRCs took some time until they were approved. This
created pressure for the site personnel of the contractor. Notwithstanding
that, the contractor responded with corrective actions to solve NRCs issues
to avoid further losses. However, again, the ethical standard of the main
contractor/ sub-contractors was questioned since some rectification works
have just been performed on the surface. This highlights an important issue
in having a deeper understanding about the way in which the behaviour and
performance of subcontractors can influence quality.
The RFI, ITP and NCR required quite a number of document
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attachments and paperwork, which sometimes was challenging to prepare.
On average, about 3cm thickness of RFI documents needed to be printed
and attached together with ITP for submission. Most of the documents
were redundant. Furthermore, three copies were required for each NCR;
one is for the record of the client, one is for the contractor and one was
placed at the guard house for the reference of the Project Director/ Senior
Management. Moreover, signatures from the QA/QC engineers and
Project Manager were needed on these three copies. Besides that, inquiring
signatures from three personnel (which was later changed by the client to
four personnel) was troublesome to the contractor. This was not only a
waste of time, papers and energy, but it was a tedious process for all the
QA/QC engineers as they had many other tasks to complete. Apart from
the RFI, ITP and NCR, the QA/QC engineers had to wait for the Permit to
Work for risky tasks. The QA/QC engineers had to prepare what needed to
carry out and ensure that inspections had commenced before, during and
after the execution of each task. Although the Permit to Work is related to
Health and Safety Management, it was essential in achieving the quality
of tasks. It is to note here that two site offices were built on the site, one
is for the main contractor and the other one is for the client. Delivery of
documents to the client normally was made by hand and left with the clerk
when the respective personnel was not around. There were at least two
incidents whereby the client misplaced the Permit to Work documents and
lost them. This had wasted the contractor’s time to prepare a new one and
delayed the inspection works. The contractor’s personnel then decided to
scan all documents before the next submission. Indeed, the reliance on the
overall paper system was a tedious job.
The dynamic issues in quality inspection appear to be complex in the
context of this study as depicted in Figure 1. The key players influencing
inspection process are capitalised and embolden. However, the dashed
line indicates that the top management at the site has an indirect link to
influence the quality of the tasks. On the other hand, the solid line suggests
the concepts that are directly linked. Meanwhile the boxes display the
influencing factors, whereas findings that are not boxed denote the outcomes.
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Figure 1. The factors influencing the quality inspections
(Source: Author)

CONCLUSION
Once a solar project is initiated, the quality management and safety plans
of the construction are considered first before the solar system is installed.
This paper highlights the issues that could impede an effective quality
inspection during the construction of civil works package of a solar farm
in Malaysia. It was found that the paper-based quality documentation was
a lengthy, costly and non-eco-friendly process which required signing,
scanning, distributing, searching, filing and archiving a lot of paper.
Furthermore, the results show that the decisions made at the top without
adequate knowledge, attitudes and resource allocation not only distressed
the quality inspections and progress, but also created an unpleasant work
environment at the site. Moreover the senior management focused less on
the overall goal of the client in completing the project with the quality in
mind, but more on the time and cost. The mistreatment of workers which
involved cutting their wages, giving them more responsibilities that were
not within their job scope and also racism by the senior management were
deemed unethical, lacked integrity and ultimately led to the dissatisfaction
of the workers and high turnover of the employees. This study strengthens
the idea that having QAQC from both the client and contractor is crucial in
ensuring quality although their perceptions differ. The QAQC process fosters
a quality consciousness especially among the personnel who were given the
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responsibility. The client’s QA/QC engineers were important for their quality
judgement, inspections and solar lifecycle sustainability to avoid future
problems. However, the client needs to identify the minimum acceptable
level of quality for each work, perhaps before it was constructed to avoid
conflicts. In conjunction to this, the data suggests that the site supervisors
should support the quality delivery as they were expected to provide daily
real-time constructive feedback on performance of the sub-contractors and
workers. Moreover, the sub-contractors had deliberately concealed mistakes
or defects and poor-quality works, which have raised doubts about the ethical
standards of the project. This issue lays the foundation for future research on
how supervision (as well as the issue of racism) can hinder quality delivery
by the sub-contractors. Although this study focuses on quality inspections
of a solar farm project, the findings may well have a bearing on unethical
conducts and poor performance of the sub-contractors, senior management,
site supervisors and labourers that have jeopardised the quality. The main
limitation of this study, which could be addressed in future research is that
quality inspection requires careful observations with a longitudinal effect
and full access to all the quality management processes. This can add more
value to the underlying mechanisms of the problems. The issues exhibited
in this paper enable the researcher, investors and contractors to understand
and identify the issues at an early stage which are definitely worth investing
the time and resources.
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ABSTRACT
The manufacturing industry plays an important role as one of the main
contributors to Malaysian economic growth. According to the Department
of Statistics Malaysia (DOSM), the value of gross output rose 5.7 per cent
per annum to RM1,275.8 billion in 2017 as compared to 2015 (RM1,142.0
billion). Even though a greater economic activities leads to greater economic
production, unfortunately most forms of economic production generate
pollution. Therefore, this study attempts to examine the relationship between
economic development and CO2 emission in the context of Malaysia from
year 1986 until 2016. The dependent variable used in this study is CO2
emission, while the dependent variables are economic growth, population,
urbanization and industrialization. Using the Dynamic Ordinary Least
Square (DOLS) method, the results revealed the existence of long run
relationship between economic development and CO2 emission where
economic growth and urbanization show positive significant impact towards
CO2 emission.
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INTRODUCTION
Environment is a complex of many variables. Environment includes
water, air, land and other living creatures such as plants, animals and
micro-organisms. The importance of taking care the environment is so
crucial that a simple element like a forest helps to remove carbon dioxide
and other pollutants from the air which also helps to cool down the earth
temperature. It is also worth noting that once emitted to air, carbon dioxide
persists in the atmosphere for 50 to 200 years, which means emission
released now will continue to warm the climate in the future, (Cairoli,
2017). Although, developments such as the adoption of new technologies,
general improvement in living standard and the transition from agriculturebased to industry-based economy often enhance human welfare in terms
of modernization and human-made environments, their impact on the
natural environments has been a long way from benign (Alauddin,2002).
This simply means that human activity often gives impact to the physical
environment. With an increasing awareness of this issue, a substantial body
of literature has shown strong linkage between economic development and
carbon dioxide (CO2) emission. Thus, this study intends to investigate other
variables such as population, urbanization and industrialization impacts on
Malaysian eonomics.
In recent years, environment seems to lose its charm. This is because
in this modern world, all human actions would directly impact the whole
ecosystem which will result in many environmental problems. Having
said that, it is not too much to say that the developing world is often seen
as having a high percentage of heavily pollutant activities within various
sectors such as industrial and services sector like tourism industry. In
addition, in agricultural sector, it contributes to deforestation, where the
erosion of the top soil led to extreme pressures on the environment.
The manufacturing industry plays an important role as one of the main
contributors to Malaysian economic growth. According to the Department
of Statistics Malaysia (DOSM), the value of gross output rose 5.7 per cent
per annum to RM1,275.8 billion in 2017 as compared to 2015 (RM1,142.0
billion). Even though a greater economic activities lead to greater economic
production, most forms of economic production generate pollution. As a
result, environment is faced with a perfect storm of problems driven by
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economic development and the deterioration of environment damages
mother nature generally and its sustainability in the future. The development
of an economy is good for the country but somehow they pose as threats to
the environment. People might be living in an advanced economy but sadly
not in a healthy environment. Therefore, this study attempts to examine
the relationship between economic development and CO2 emission in the
context of Malaysia from year 1986 until 2016. The dependent variable used
in this study is CO2 emission, while the dependent variables are economic
growth, population, urbanization and industrialization. Using the Dynamic
Ordinary Least Square (DOLS) method, data collected were analyzed to get
estimated results. The results revealed the existence of long run relationship
between economic development and CO2 emission, where economic growth
and urbanization show positive significant impact towards CO2 emission.
Other than that, the theory of Environmental Kuznets Curve (EKC) appears
to be irrelevant in this study.

LITERATURE REVIEW
A study done by Mikayilov et al. (2018) for Azerbaijan found that economic
growth has a positive and significant impact on the carbon dioxide (CO2)
emissions in the long-run from 1992-2013. Next, Raza and Shah (2018)
examined the effects of economic growth, energy consumption and financial
development on environmental degradation in Pakistan using the data from
1974 to 2014. The result showed all three variables have significant positive
effect on environmental degradation. Besides, Ameer and Munir (2016) on
their research about the impact of economic growth, urban population, trade
openness, and technology on environment of Asian economies from 1980
to 2014 found a positive significant impact of growth and technology on
carbon emissions. Furthermore, an analysis of the effect of economic growth
and carbon taxation on carbon emissions done by Loganathan et al. (2014)
from 1974 to 2010 in Malaysia found that economic growth in Malaysia
affected carbon emissions significantly in positive manner. Another study by
Govdeli (2019) on the long-term relationship between health expenditure,
economic growth and CO2 emissions in 26 OECD countries from 1992 –
2014 has given positive and significant results between economic growth
and CO2. On the other hand, using annual data from 1980 to 2010 for Laos,
Phimphathavong (2013) indicated that economic growth and trade openness
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have insignificant affect to the quality of environment.
Furthermore, a positive significant result was found by Zaman et
al. (2011) from their studies to find relationship between population and
environmental degradation in 1985 to 2009 for Sri Lanka and India. Another
study also found an insignificant result for Pakistan from 1972 until 2001 by
Ahmad et al. (2005), which examined the impact of demographic variables
on environment. Besides, a study to investigate the nexus among CO2
emissions, economic growth, renewable energy and population growth
across regions by Dong et al. (2017) postulated at both global and regional
levels, economic growth and population size positively and significantly did
influence CO2 emission. The period used in the study was from 1990 until
2014 and focused on 128 countries. From more recent study undertaken
by Yu et al. (2018) in China using the period from 1990 to 2014 showed
that population aging has a positive significant relationship with CO2
emission. In addition, a study to examine the impact of population size, aging
population, energy intensity, per capita consumption and urbanization on
CO2 emissions done by Wang et al. (2017) also in China from 1997 to 2002
found that population size has significant relationship on CO2 emissions.
Next, based on a study done by Zhang et al. (2015) which examines the
impact of urbanization on CO2 emissions found that the effect of population
urbanization is insignificant, while the impact of land urbanization is
positively significant. This result is concurred by Wang et al. (2018), where
urbanization was found to be positive and significant towards CO₂ emissions.
The study was conducted in China from 1990 to 2013. Other than that, a
research that explored the impact of urbanization has on carbon dioxide
emissions in emerging economies indicated that urbanization has positive
significant impact to CO₂ emissions. Sadorsky (2014) picked 16 countries
in this study and time period from 1971 to 2009. Moreover, a study done
by Fan et. al. (2020) investigated urbanization issue on the Co2 emission in
South Asian region specifically Pakistan, India, Bangladesh, and Nepal from
year 1974–2014. They exhibited a positive significant relationship between
urbanization and economic growth on Co2 emission; as well as detected a
long run relationship between these variables. The result from Wang and
Zhao (2018) on the impacts of urbanization on CO2 emissions in China
from 1997 to 2012 showed that the relationship between urbanization and
CO2 are insignificant in urbanized part of China, but in under urbanized
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part of China shows a positive significant relationship.
Following a research conducted by Xu and Lin (2015) which aim
to examine the impacts of industrialization and urbanization on CO2
emissions in China from 1990 to 2011 showed that for the western
region, the relationship of urbanization on CO2 emissions is insignificant.
However, a study by Li and Lin (2015) based on 73 countries from year
1971 to 2010 found that industrialization and urbanization have negative
significant impacts on CO2 emissions and energy consumption. In contrary,
study to find out the relationship between urbanization, industrialization
and CO2 emissions by Afawubo and Ntouko (2016) from 1960 to 2014
on 142 countries detected a positive significant relationship between
industrialization, urbanization and CO2 emissions in long-run for low
income countries. In addition, in upper-middle-income countries, both
industrialization and urbanization have significant relationship with CO2
emissions. In lower-middle-income countries, only in industrialization has
slightly significant impact with CO2 emissions in long-run. Shahbaz et
al. (2014) conducted a study to investigate the relationship between CO2
emissions and industrialization from 1975 to 2010. The result suggested a
positive significant relationship between industrialization and CO2 emission
in Bangladesh.

METHODOLOGY
Data Collection
This study used secondary data annually for 30 years from 1986 until
2016. It focuses on Malaysia. The proxy used for carbon dioxide (CO2)
emission was measured in metric tonnes. Then, for the economic growth
(GRW), the data obtained used Gross Domestic Product (GDP) per capita
at constant price and measured in Ringgit Malaysia. Meanwhile, population
(POP) used annual percentage growth, while urbanization (URB) used the
number of employment in both manufacturing and construction as its proxy.
Lastly, industrialization (IND) used annual growth of the industrialization
yearly in percentage. The data used were retrieved from Our World in Data
and World Bank.
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Hypothesis
H1 : There is no significant relationship between economic growth and
CO2 emission.
H2 : There is no significant relationship between population and CO2
emission.
H3 : There is no significant relationship between urbanization and CO2
emission.
H4 : There is no significant relationship between industrialization and CO2
emission.
Model Employed
In this study, CO2 emission acts as dependent variable while the
independent variables are population, economic growth, urbanization and
industrialization. The model of this study is as follows:

where α is coefficient, β represents constant and ε is error term.
Data Analysis
The data analysis started with some preliminary steps before intended
results could be gained. A correlation test was conducted to evaluate the
association between two or more variables. It measures the degree of (linear)
association (and not causation) between the dependent variable Y and the
single explanatory variable X. If all data were free from multicollinearity
problem, then unit root test would be conducted. This is a test for stationarity
in a time series and should the variables are proved to be stationary, it allows
for cointegration to take place. Cointegration test would detect existence of
long run relationship among variables in the model. Next, for the purpose of
proving the validity of Environmental Kuznets Curve (EKC) theory, F-test
would help achieve it by running the Granger Causality test.
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RESULTS AND DISCUSSIONS
Correlation Test
Table 1 shows the result of correlation test for all variables which
are carbon dioxide (CO2) emission, economic growth (GRW), population
(POP), urbanization (URB) and industrialization (IND). The result shows
that values of correlation coefficient for all independent variables are less
than 0.5 except for URB and GDP which is slightly over at 0.586829. It
can be concluded that there is no multicollinearity problem due to weak
correlation amongst the variables.
Table 1. Correlation Matrix
CO2

GRW

POP

URB

CO2

1.00000

GRW

0.86792

1.00000

POP

-0.06497

-0.09454

1.00000

URB

0.78012

0.58682

-0.00542

1.00000

-0.13465

-0.18578

0.04188

IND
-0.15967
(Source: Author)

IND

1.00000

Unit Root Test
Table 2 shows the result of unit root test. The ADF test was conducted
at level and first difference level. CO2 emission and GRW are-non stationary
at level, implying that those variables computed t-statistics are smaller
than any critical values at 1 percent, 5 percent and 10 percent. Thus, null
hypothesis, Ho is failed to be rejected. Both CO2 emission and GRW are
significant at 1 percent in first difference while the other variable such as
POP, URB and IND are significant at 1 percent but at a level. Meanwhile,
in order to get the robustness and consistency of unit root test, this study
performed another test which is Philips-Perron (PP) test. It is also conducted
at level and first difference due to different results from all variables. CO2
emission, GRW, URB are-non stationary at level and are significant at 1
percent at first difference, while POP and IND are stationary at level and
significant also at 1 percent.
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Table 2. Unit Root Test
Series

Level

First Difference

ADF

PP

ADF

PP

CO2

-1.73

-1.74

-5.61***

-5.62***

GDP

-2.85

-2.63

-5.82***

-12.60***

POP

-6.67***

-17.09***

-9.33

-29.04

URB

-4.31***

-4.29

-6.15

-19.17***

IND
-6.72***
-6.98***
-5.98
-20.84
(Source: Author)
Notes: The asterisks ***, ** and * denote significant at 1%, 5% and 10% level respectively.

Co-integration Test
This test aims to determine whether there was a long run relationship
between the variables. If the long run does exists in the model, than the
dependent and independent variables are tied together in the long run.
Table 3 shows that the Lc statistics is 0.440160, which is greater than 0.2,
therefore, it is decided that null hypothesis is failed to be rejected and this
indicates the existence of cointegration. As a result, there existed a long run
relationship between CO2 emission and its determinants.
Table 3. Cointegration Test
Lc statistics
0.440160
(Source: Author)

Stochastic

Deterministic

Excluded

Trends (m)

Trends (k)

Trends (p2)

Prob *

4

0

0

>0.0589

Long Run Estimation
Based on Table 4, independent variable GRW and URB are found to
be significant at 1 percent level at 0.0002 and 0.0007 respectively. Thus,
null hypothesis for both variables are rejected which means GRW and
URB contributes to the CO2 emission. For variable GRW, this is supported
by past researches such as Gövdeli (2019), Mikayilov et al. (2018), Raza
and Shah (2018), Ameer and Munir (2016) and Loganathan et al. (2014),
which obtained similar result. Meanwhile, Fan et al., Wang et al. (2018) and
Sadorsky (2014) supported the result of positive and significant relationship
between URB and CO2 emission. However, the other two variables which
are POP and IND are found to be insignificant. Thus, the null hypothesis
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failed to be rejected which explains these variables have no impact on CO2
emission. The research done by Ahmad et al. (2005) supported this study
finding on POP where they also found that population had an insignificant
impact on CO2 emission. As for IND, finding from Xu and Lin (2015) also
found insignificant result between IND and CO2 emission.
Table 4. Long-run Coefficient
Dependent
Variable
CO2

Coefficients

Std. errors

t-Statistics

p-values

Intercept

-4.789035

0.781999

-6.124093

0.0022

GDP

0.282129***

0.066786

4.224400

0.0002

POP

-0.060473

0.132874

-0.455117

0.6598

URB

0.232940***

0.046535

5.005688

0.0007

IND

-0.094848

0.078956

-1.201268

0.2603

Lag & lead

(2,2)

R2
0.80
(Source: Author)
Notes: The asterisks ***, ** and * denote significant at 1%, 5% and 10% level, respectively.

Moreover, according to Table 4, the result shows that GRW is
positively related with CO2 emission. This means that every 1 percent
increase in GRW, the CO2 emission will increase by 0.282129 percent.
To further explain, when GRW increases, it will affect the environment
because as Gross Domestic Product (GDP) per capita increases, it shows
the increase in economic activity such as more production and spending
causes the CO2 emission to be higher. Next, the result from URB indicates
a positive significant affect towards CO2 emission where for every 1 percent
increase in URB, this will increase CO2 emission by 0.232940 percent. This
suggests that when urbanization increases, it will affect the environment
as those who live in urban area are more exposed to the use of modern
technology in their everyday life. For example, the use of air conditioner
and higher number of cars which emit higher amount of CO2 compared to
those who live in rural area resulted in higher CO2 emission. Other than that,
the R-Squared value recorded at 0.80 indicates that the balance 80 percent
was dependent variable; CO2 emission was explained by the independent
variables used in this study, while the other 20 percent were explained by
other unknown factors.
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To conclude, due to the detection of long run relationship, therefore
the result for long run equilibrium is written as follows:

From the equation above, it can be seen that GRW and URB are
positively significant in explaining CO2 emission and both of the variables
are significant at 1 percent (*) significant level.
F-test
Granger Causality test is conducted to validate the Environmental
Kuznets Curve (EKC) theory. The result in Table 5 shows insignificant
result at 0.4720 which is more than 10 percent significance level and does
not conform to the 1 percent and 5 percent significant level.
Table 5. Granger Causality Test
Null hypothesis
GRW does not Granger
Cause CO2
(Source: Author)

F-Statistic

Prob.

0.77474

0.4720

Therefore, null hypothesis failed to be rejected, where increase in
income does not necessarily degrade the environment quality; for this study
GRW did not affect CO2 emission, while, the EKC theory suggests that
higher income of a country leads to a higher environmental degradation. But
at a turning point, higher income leads to less environmental degradation,
this is not valid for Malaysia. According to Grimies and Roberts (1997, as
cited by Gill et al., 2017), most of the times the EKC theory is applied for
advanced countries due to their history of colonizing in the past. During
this time, they would use cheap price for primary goods produced by their
colonies for their own country’s’ rapid industrialization. Consequently,
this contributed to the market exploitation of their colonies. Cole (2004)
supported the claim, which states that the same current developing countries
might not face the same international and domestic environment of growth
that were available to developed countries. Therefore, this supports the
results found in this study.
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CONCLUSION
The purpose of this paper is to examine the relationship between
economic development; economic growth, population, urbanization and
industrialization towards carbon dioxide (CO2) emission in Malaysia
using annual data from 1986 to 2016. Based on the estimated results, both
the economic growth and urbanization are found to have positive and
significant relationship with CO2 emission. Other than that, the result also
detects a long run relationship for the model of this study. Furthermore, this
study failed to prove the theory of Environmental Kuznets Curve (EKC).
The findings of this study will contribute insight and knowledge as far as
economic development and environment is concerned. This helps to increase
awareness regarding environmental degradation and a guide for the policy
maker in the process of making a better policy for the environment and start
taking action because the world needs to accept the fact that tomorrow is
today.
It is known that economic growth is undeniably important as much as
the earth people are living in. Since it is impossible to stop the economic
growth, it is plausible for the policymaker to find an alternative development
path that is sustainable and less destructive to the environment. This is not
just the policymaker who is responsible in not harming the environment, but
it should be the entire population because if the world now cannot prevent
themselves from harming the earth, what would the economic growth
means when the earth is not habitable to live in and the future generation
has to pay for the price. This is also worth to note that the availability of
data concerning this subject is limited especially for smaller country like
Malaysia. For further study, a different variable such as Ocean Health Index
could be used to measure the degradation of environmental if enough data
are accumulated.
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ABSTRACT
Modern regionalism approach is essential because it can contribute to the
context of Malaysia's development in creating an architecture that respects
the local context, as well as foster unity and integration among the community.
Besides that, it can produce a built environment that is easily recognized to
portray progressive values and achievement of the national civilization in
line with the needs of the society and sustainable environment. However,
most mosque designs in the current Malaysian context show less awareness
of the approach and values of modern regionalism. As a result, most of the
newer mosque features grand appearance with eclectic and Middle East
revivalism approach and less on its role towards meeting users' sustainable
needs. Therefore, the objective of this paper is to identify and analyze
the characteristics and elements which favours the modern regionalism
approach in djami' mosques for sustainable communal development. This
study used the hermeneutic method through the interpretivism paradigm.
The two indicators of modern regionalism which are the contextual and
tectonic factors are for analyzing the djami' mosque design. The findings
showed that for a mosque design with regionalism characteristics for
sustainable communal development, it must meet the requirements of local
climate, topography, and culture in line with current times. Based on these
Copyright© 2021 UiTM Press.
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under the CC BY-NC-ND license
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findings, contribution in the form of djami' mosque design proposal from
the context and tectonic factors are of benefit for future designers towards
a sustainable built environment and communal development in Malaysia.
© 2021MySE, FSPU, UiTM Perak, All rights reserved
Keywords: Djami' mosque; Modern regionalism; Communal mosque;
Sustainable communal development

INTRODUCTION
The modern regionalism approach is an architectural concept which
refers to the spirit of the region that encompasses the human life system
including historical province, socio-culture of the community, local climate,
and topography, as well as the use and access to technology capability in
the contemporary context(Kelbaugh, 2013). The presence of the modern
regionalism approach is crucial because it can lead towards the formation of
architecture with a national identity that can contribute towards unity in the
society and propagate nationalistic sentiment among the multiracial society.
Scholars also stated that the presence of architecture with the characteristics
of the modern regionalism approach could increase the quality of life and
promote social interaction (Aly, 2011). The impact is a forming of unification
value which will then strengthen the social relationship in local communities.
Furthermore, architecture must feature the modern regionalism approach
since it can shape the lifestyle of the community for a sustainable built
environment. Besides, the regionalism approach also may produce built form
that can be readily accepted and utilized by the community in terms of its
functions and usability (Botz-Bornstein, 2016). In the Malaysian context,
the modern regionalism approach is seen to be widely applied in many
public buildings built during the post-independence era from the 1950s to
1990s (Chan, 1987). This era was also viewed as a defining period which
portrays the dynamic perspective in Malaysia built environment, namely
in the public building construction sector. In other words, the local built
form displays the birth of many architectural design approaches as well
as assimilation of international architectural styles in the country(Ismail,
2018). Since architecture is commonly viewed and often referred to as a
symbolism of national identity that contributes towards shaping the lives of
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people sustainably, it is vital to refer to the modern regionalism approach
in all categories of building typology including public and government
buildings. This matter, however, is really crucial in religious building
design such as mosques built form for not to be separated from the lives of
community appearing like a house of God in monumental expression(Ismail
& Rasdi, 2010).
Scholars added that this is vital because the mosque is a social
institution that can fulfil two objectives. First, by referring to modern
regionalism approach, a mosque will display characters that are more
communal-friendly in terms of its sustainable design and thereupon can
serve as a centre to strengthen the brotherhood ties among the Muslims
and within the multiracial society. Secondly, a mosque will be able to
serve its function as a place of worship that can foster efforts towards the
fortification of spiritual values for individuals as well as the Muslim ummah
and universally for the sake of overall social development. Because of all
the above, a mosque can be a symbol of progress and unity of the Muslim
ummah. However, the awareness to embed the regionalism approach in the
design of buildings are less focused upon by most designers nowadays due
to three main factors. Firstly, there is a conflict of too much combination
of external and international architecture styles due to the mindset of local
designers. They are obsessed with international styles without taking into
account local needs and context(Surat et al., 2010). Secondly, because
of imbalanced political and economic development in the country where
architecture was used as a tool to express the political ideology and desire
of individual leaders, and as a result, produced architecture with iconic
and pastiche in character without prioritizing the aspiration of the local
community(Ismail, 2018). Thirdly, the change in lifestyle and society
cultures happens so fast because of material discovery and the capability
of modern technology that local designers are more focused in the external
appearance aspect of architecture which focuses only in the aesthetic
values(Zekrgoo, 2016).
Furthermore, there is a lack of detailed research on modern regionalism
approach on public buildings design, including mosques for sustainable
community requirements. To date, no study has yet to be undertaken by any
local scholar to discuss mosques with modern regionalism characteristics
for the development of a sustainable society. Studies on mosques in
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Malaysia mostly focused on eight aspects which are: a) documentation about
history and development of the mosque to classify the design styles, space
typology, traditional and modern mosques(Baharudin & Ismail, 2016), b)
documentation on the elements of the mosques including ornamentation
on traditional mosques, decoration in mosques in general and the use of
calligraphy(R Othman & Zainal-Abidin, 2011), c) the technology and
technical aspect of the mosques when applying new technology or system
in the building(Bakhlah & Hassan, 2012; Rashid, Alwi, & Manan, 2011),
d) documentation on the foundation of Islamic principles based on AlQuran and Hadith in construction(M. T. M. Rasdi & Utaberta, 2012), e)
documentation on influences and thinking of mosque design which covers
history, ownership, appearance and style, roles and elements of space
towards mosque architecture in Malaysia(Rosniza Othman, Inangda, &
Ahmad, 2008), f) maintenance and restoration of mosques which revolves
around methods to maintain old mosques(Mustafa et al., 2011), g) issues
with the design and roles of mosques which focuses on crises in mosque
architecture(Said, Mohamed, Sanusi, & Yusuf, 2013), and h) mosque as
an institution which centred on the social aspect of a community(M. T. H.
M. Rasdi, 1998).
Therefore, the main objective of this study is to identify and analyze
the features and elements of modern regionalism approach in the design
of djami' mosques as a case study towards sustainable community
development. This is vital in understanding why and how these mosques
showcase the regionalism approach in promoting the development of a
sustainable community. The outcome of the research will be in the form of
a design guideline framework on designing a djami' mosque with modern
regionalism approach that can contribute to the development of a sustainable
community.
The scope of this study involves the analysis of djami' mosques
constructed in the post-independence era (the 1970s to 1990s) in Malaysia.
The choice of djami' mosques in this period is vital to explore the relationship
between ideologies adopted by designers and elements involving political
and social context, and economic factor to illustrate the modern regionalism
values in the architecture of the mosques selected in the case study. This
period was selected because of criticisms and thinking generated in the
search for an approach towards regionalism or district values, that were
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consciously driven by local designers on overall public buildings typology.
For the benefit of the study and to fulfil the objectives, section two is
divided into two parts. The first part will define the concept and definition
of sustainable community characteristics followed by modern regionalism
approach in architecture. The second part will review and establish relevant
indicators that had influenced the shaping of modern regionalism on the
architecture of djami' mosques. This also includes elucidating on the issues,
definition as well as documentation of the characteristics of djami' mosques
in Malaysia with modern regionalism approach to establish appropriate
design guideline for the benefit of developing a sustainable society in the
future.

LITERATURE REVIEW
Characteristics and Purpose of Sustainable Community
The sustainable community is a society that enhances a living lifestyle
to promote the principle of sustainable development comprising of four
interconnected social areas: economics, ecology, politics, and culture(Du
Plessis, 2007). According to ISC (2020), four vital elements shaped the
development of this sustainable community. These are leadership, civic
engagement and responsibility; ecological integrity; economic society
and social wellbeing. However, for the benefit of this study, the focus
will be mainly on the maintenance and development of societal wellbeing
to create a built environment which can cultivate a community spirit to
create the feeling of belonging, placemaking and self -worthiness. The
built environment, in this sense, refers to the environment created by and
for humans, utilized for daily human activities. The outcome is a living
condition that continues to meet human needs without compromising the
reliability and systemic natural balance. Many scholars like (Kibert, 2007)
agrees that "in framing the sustainable development, it can be understood
within the regional context, capabilities and cultural behaviours." In
other words, the ideology of regionalism like sensitivity to the context of
social, economic, materials abilities and technology are embedded in the
formation of sustainable living and in defining the sustainable architecture.
For understanding the role of regionalism in architecture, the next section
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will elucidate this in-depth.
Concept, Definition and Approach that Shape Regionalism in
Architecture
In general, the term regionalism means as awareness and loyalty
towards a region. According to scholars, the spirit of the region encompasses
people's life system, including political values, economy and socio-culture.
However, the socio-cultural aspect deems to be more critical because it is
closely associated with architecture(Kusno, 2010). From the perspective of
architecture, regional means an identity related to the tradition of a particular
place or society based on the changes of time. This regional identity is
vital because it can free the local architecture approach from ethnocentric
characters which venerates foreign culture or identity more than their
values such that it compromises the sense of ownership and belonging. A
regionalism approach is needed because it will endure a built environment
that presents an architecture with a national identity which respects the
local politics, economy, socio-culture, climate and topography as well as
utilizes the latest technology(Kassim & Nawawi, 2018a). Therefore, in brief,
regionalism in architecture means the spirit of the region or local identity
that comprises of local characteristics to spur the sense of ownership and
belonging. The adoption of regionalism approach may produce architecture
design with national identity and the spirit of the era. Regionalism approach
in architecture is essential to advocate for not only at the global level but
also at the local level. Therefore, nurturing the regionalism approach through
architecture is necessary and contributed to the development of a country
and nation especially in the context of Malaysia for three significant reasons;
firstly, for the professionals; secondly for the development of society and
thirdly for the progress of the nation.
In the first stage, the regionalism architecture approach is of benefit
to architects. This is because buildings that considered the local context
might save cost and energy from the aspect of topography, culture and
technology(Kassim & Nawawi, 2018b). The topography aspect may save
cost at the construction site when the architect does not have to level the
ground to erect the building, but instead, redesign so that the construction
fits with the site topography (Mousa, 2014). From the energy aspect, a
regionalism architecture approach provides maximum opening on facades to
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save cost on lighting and amenity within the space. The technology aspect,
on the one hand, provides meaningful new ideas to other architects and has
the potential for the building design to be a national icon.
In the second stage, the regionalism approach in architecture can
contribute to the development of society in two main phases. The first phase
is at the universal society where regionalism architecture approach can
foster development, unity and integration of the community or better known
as social cohesion and sustainability. Unity in the society is a state where
people from various ethnic, religious, and territorial groups live in peace as a
single united nation by giving their full commitment to their regional or local
values based on the Federal Constitution or Rukun Negara(Schmitz, 2009).
In other words, advocating for regionalism approach through architecture
can conveniently foster social integration symbolically where various groups
in the community unite by believing in the same ideology. Regionalism
approach architecture will fulfil the needs of a particular ethnic, cultural
requirement, and local religious beliefs. Indirectly, it has the potential to
spur the national sentiments of patriotism among the people.
In the third stage, architecture with regionalism approach produces
a design that is easy to recognize which displays progressive values and
the nation's civilization achievements in the eyes of the world in line with
the current needs of the society and environment. It is critical for a newly
independent country because global observers readily accept architectural
presentation with regionalism characteristics to become a symbol and
landmark for the nation to be acknowledged economically by other countries
at the international level. This provides benefit for the ruling government to
be better known to showcase their achievement is at par with other developed
countries and for claiming social acknowledgements from the local
community. In short, architecture with regionalism approach is necessary
and vital for newly independent states at the national and international level.
Factors that Shaped Modern Regionalism in the Architecture
of Djami' Mosque
Scholars categorize regionalism architectural approach into three
types based on the theory of Jadhav and Powel (Powell & Ozkan, 1983)
which involves traditional vernacular, Kenneth Frampton's theory which
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framed on modern regionalism approach(Frampton, 2002) and followed
by the theory of postmodern regionalism approach outlined by Alexander
Tzonis and Leani Lefaivre(Lefaivre & Tzonis, 2003). Based on the earlier
regionalism thinkers above, regionalism comprises of three main approaches
which are Vernacularism; with tradition at its core, Modern regionalism;
with modern regionalism at its core, and Postmodern regionalism; with
postmodern regionalism at its core. However, for this study, only modern
regionalism will be discussed in detail. Modern regionalism is an approach
that transforms architecture based on modern architecture philosophy.
Architecture which adopts the modern regionalism approach has a
progressive nature to fulfil the needs of a territory or place in the latest
context. Based on the framework of local scholars, modern regionalism is
divided into two types which are traditional transformation and territorial
transformation(Mursib & Rasdi, 2016). However, for the benefit of this
study, the researchers feel that there must exist a conceptual framework
relating to modern regionalism that can be referred to as a basis to study the
djami' mosque buildings specifically for societal sustainable development.
Hence, the framework developed by past scholars on modern regionalism
is not suitable to be used directly and literally. It is referred to only as a
guideline because it did not classify according to specific themes as the
elements of modern regionalism involving (territorial transformation) were
mentioned at random and disorganized.

Figure 1. Conceptual Framework on Modern Regionalism
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Hence, the modern regionalism factors have been reclassified by the
author based on the correct and concise themes referring to the analytical
justification from the literature review and the work of past scholars (Figure
1).
Based on the past scholars and literature review, the definition of
modern regionalism is classified into two major categories which are
elements influenced by local fixed factors and local dynamic factors (refer
to Figure 1). Local fixed factors include climate and site, while local
dynamic factors include culture and technology building materials. Both
factors represent two main categories as according to Botz- Bornstein
(2016) and Frampton (2002). These are the contextual elements (climate,
topography, culture) and tectonic (structure, building materials). Based on
Botz-Bornstein (2016) the contextual elements are strictly related to climate,
topography, and culture because the context respects the environment
surrounding a building, while according to Frampton (2002) tectonic
elements are closer to building materials and technology that is utilized
by a particular design. Therefore, after analytical justification, the author
concluded that these two main factors which are context and tectonic would
be selected as the leading indicators to form the conceptual framework
when studying the djami' mosques as case studies to show the presence
of modern regionalism characteristics portrayed in the form of religious
architecture. Both the context and tectonic elements are explained in turn
in the following paragraph.
Context is defined as the natural environment or surrounding at the
building site at the macro or micro scale. Understanding about context
is crucial to erect a building that is appreciated and stands firm for a
considerable time(Botz-Bornstein, 2016). Tectonic in architecture is defined
as the science or arts of construction where it is related to the use and creation
of artistic design(Von Meiss, 2013). According to scholars, tectonic not only
refers to the activities in construction to address a specific need but also to
include construction activities that can produce something with an artistic
form(Von Meiss, 2013). It is about employing the building materials with
the use of technology to translate them into the latest context involving the
physical world to the metaphysical. According to scholars, the term tectonic
can be classified into three major categories(Von Meiss, 2013). The first
is closely related to the technique and technology. In this matter, the term
tectonic deals with a higher level of construction and not just the mechanical
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structure. The technology utilized must be poetic and based on a rational
approach. The second involves the structure and building materials of a built
form comprising of façade and space-making, which does not prioritize
the aesthetic values or decoration. Besides, the aspect of the elements of
façade and space making must also be appropriately designed according
to human scale and proportion with suitable anthropometry aspects. These
two elements of façade and space making characteristics will become the
primary indicator for analyzing the selected case study of djami' mosque.
The third relates to stereotomic, which is the art and science of cutting
three-dimensional solids into shapes. Typically, the tectonic approach using
the stereotomic method would involve natural materials such as rocks or
wood which are cut to be fit directly into the complex structure without
modifying the natural conditions of the material to be used in geometrical
shapes. In other words, the materials used still paid respect to the original
features, textures, and grain of the materials from where it was from the
surrounding site. These three aspects mentioned above are strategies to
produce architecture with regional characteristics that respect the local
context and time, as well as to create an architecture that is sensitive to the
environment. According to Scruton (2013), tectonic is the first approach
that is suitable in shaping architecture in the modern context associated with
the regional context. Overall, two leading indicators which are context and
involving tectonic technique, technology as well as the building structure
and materials, may influence the establishment of modern regionalism on
djami' mosque (refer Figure 2.0). These two leading indicators are essential
as they will also help to shape the development of a sustainable community
from the built form.
Djami' is known as a small local mosque which is a community mosque
that provides a space for Friday prayers and Qariah prayers. Based on the
standard Perancangan Rumah Ibadat (2013), the mosque is positioned
under category 3 (region or territory) or category 4 (province/village/
town). According to Baharudin and Ismail (2016)the mosques are typically
located in big towns and provide many amenities from facilities to perform
worship, receive education and for daily activities. Most Muslim countries
also build djami' mosques to indicate the presence of Muslim communities
in the area. Djami' mosques are known as mosques that are active with many
community activities that involve the local community and once functioned
as the centre of a town before. They are built out of the funds and efforts
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of the local people as a community facility. Besides that, they are funded
by local governments, private individuals or organizations who are aware
of the crucial role that a mosque plays in a community. In order to identify
how a djami' mosque can portray the modern regionalism characteristics,
the next section will discuss the methodology and analysing technique using
comparative analysis from a selected case study of djami' mosque in the
global and local context. This is vital to derive the appropriate indicators
in producing guidelines for a better design of djami' mosques with modern
regionalism approach with an emphasis on the factors of context and tectonic
through their design elements in the Malaysian context in the future for the
benefit of a sustainable community.

METHODOLOGY
This study utilizes case studies as the research strategy under the framework
of qualitative methods and approaches using interpretivism as research
paradigm (Figure 2). Interpretivism paradigm serves to understand and
seek the meaning as opposed to realizing the outcome of the study or to
predict reasons and consequences. Interpretivism study emphasizes human
behaviour which must be related to the environmental context. According
to Williams (2000), it is a study of philosophy system which focuses on
the reality of people that can be understood through subjective meanings.

Figure 2. Framework of the Study
(Source: Author)
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This interpretivism paradigm is suitable to fulfil the requirements
of this study where it needs scholars to scrutinize the ideology of modern
regionalism introduced by architects on the djami' mosque building design
which was selected as the case study. To support the interpretivism paradigm,
hermeneutic as a research methodology is adopted to examine and interpret
the literal meaning of the selected case study. Scholars explained that
hermeneutic is an art of interpreting the 'text', understanding the analysis of
the 'text' to obtain an explanation that can be applied to a situation based on
its contextual background. The term 'text' here is defined as something that
can be seen to represent something or refer to something readable. This text
includes written discourses, verbs, stories, aesthetic objects, architectural
buildings, or anything else that is understood to represent expressions of
the experience of the author or designer. This is so as the text is a medium
of communication to convey the experiences, ideas, beliefs, and values of
its owners. To understand the built form like 'a text', direct observation,
interview, and documentation are used as a data collection method to gain
an insight into the djami mosque. This is vital in understanding how and
why the djami mosque adopts the regionalism approach for the benefit of
promoting a sustainable community. The findings are analyzed in phase
referring to the selected indicators which are divided into two essential
elements which are from contextual aspect i) built form functionality in
its existing context involving size and proportion including the tectonic
technique involved, technology as well as the building structure and
materials. These are represented in the mosque-built form ii) facade and
structure (Figure 3) to answer the objective of the study.

Figure 3. Development of Indicators to Design the Mosque
(Source: Author)
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Functionality refers to dominant design elements that relate to
regional characteristic as it is much influenced by the existing context
such as climatic, culture and topographical factors which indirectly plays a
significant role in shaping the physical design of djami' mosque in terms of
its scale and proportion. According to Lanham (2007), proportion and scale
are important as it creates and contributes to creating an architectural form
that can be functional to meet human needs. Facade and structure, on the
other hand, much associated with a tectonic approach are influenced by the
construction system and building materials following the latest technology
capabilities. These two elements are vital because they define the importance
of modern regionalism in architecture so that the community may easily
accept the built form as well as foster a sense of sustainable community
(refer section 2.1).
Data analysis technique based on the functionality theory underpinning
is applied by comparing the scale and proportion mosque built form
functionality in its existing context is used for reading the first indicator on
the building design. An analysis based on the technique of Malthis (2004) is
introduced to assist the reading for the building tectonic features using the
layering method for reading the second indicator. The technique of Malthis
(2004) uses three layers of analysis to study the facade of the djami' mosque
building through the layering method: 1. Explaining the basic structure of
the central area of the mosque and adding a layer to the main building as
the first layer; 2. Adding the structure of complete element line to the basic
structure to view the elements that shape like windows, pillars and door
forms; 3. The final layer as finishing on the facade of the mosque building,
including geometry, building shades and others that form a facade. This is
important to achieve the study objectives of developing design strategies or
guidelines that are suited for the development of design guideline framework
for djami' mosque which focuses on the modern regionalism approach as
the central concept for the benefit of sustainable communal development.
The selection of the case study of the djami' mosque is justified based
upon six characteristics. First is the location or position of the mosque, which
is in the housing area, small residents area, village settlement centre, or
neighbourhood centre and village. Such locations indicate that the mosque
belongs to the society or surrounding community and not owned by any
party. Secondly, the mosque needs to provide attraction in the form of
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various facilities. Amenities such as recreational centre, accommodation for
travellers, rental rooms for Muslims, clinic, library, and others can entice
the residents to come to the mosque.
Furthermore, the function of a community mosque is a place that
is often visited by society or the surrounding community.Thirdly, it is
common for djami' mosques to organize beneficial activities such as public
events, lectures or talks, exhibition, sales carnival and others for the local
community. These activities are organized to foster good relationships
among the local community members and to keep the mosque lively so that
it is always functional, aside from generating funds for the mosque to be
used for good causes. The fourth characteristic is that the local community
manages the administration of the mosque. An ideal djami' mosque provides
social services, including the opportunities for the local community to hold
positions as the committee members of the mosque. This includes all posts,
including that of the imam to realize the overall management for the djami'
mosque. Fifth, is the year of the mosque construction which should be around
the 1980s till 1990s. This is because the awareness towards regionalism
architecture happened broadly during this era at the local and international
stage, especially in Malaysia. Therefore, the choice of the design of buildings
constructed in the 80s and 90s is really appropriate to be studied to identify
the architects' ideology that meets the modern regionalism characteristics as
examples for students, architects, and scholars in the future. The sixth feature
relates to the ownership status, mosque funding and construction costs of the
djami' mosque. By right, the ownership of a djami' mosque should not fall
under any association or government body. This is because the design will
be strictly built following individual preferences. Hence, any individuals
or patrons must not own the mosque. Furthermore, the construction costs
should come from community funding or the society surrounding it. When
the ownership falls under the local society and community, they become
heavily involved in the running of the mosque, from the construction to
the mosque administration, including the salary payment, everything is
managed and funded by the community. The findings of the case study will
be discussed in Section 4. The conducted research framework is shown in
Figure 3. There is a limitation to the method proposed, however, for future
research, questionnaire and survey can be conducted to the building user
to identify in much detail the relevancy of the djami' mosque design in
fulfilling the needs for a sustainable community.
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FINDING
This section describes the data findings from the selected five djami'
mosques, chosen based on the prescribed criteria. These Djami' mosques are
CS1 – Masjid Djami' Bandar Tangkak, Muar ; CS2 – Masjid Djami' Tabligh
Sri Petaling, Bandar Baru Sri Petaling; CS3- Masjid Djami' Kampung
Gong Tok Nasek, KualaTrengganu; CS4 - Masjid Djami' Saidina Abu
Bakar Assiddiq, Bangsar and CS5 - Masjid Djami' Saidina Othman Ibn
Affan, Cheras to answer how the djami' mosque portrays the approach of
modern regionalism. The background of each mosque will be presented in
order, followed by an analysis of the architectural element indicators that
shape modern regionalism characteristics. Djami' mosque design indicators
which include architectural elements of functionality that relate to the
building in its existing context like i) scale and proportions, and ii) tectonic
comprising of façade and structures are examined. Once the findings have
been concluded, the information gained are used to establish guidelines for
djami' mosques with modern regionalism characteristics for sustainable
community development. This finding is shown in Table 1, 2, 3, 4 and 5.
Table 1. Findings of the Case Study of CS1 – Masjid Djami' Bandar Tangkak,
Muar

(Source: Author)
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Table 2. Findings of the Case Study of CS2 – Masjid Djami' Tabligh Sri
Petaling, Bandar Baru Sri Petaling

(Source: Author)

Table 3. Findings of the Case Study of CS3- Masjid Djami’ Kampung Gong
Tok Nasek, KualaTrengganu

(Source: Author)
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Table 4. Findings of the case study of CS4 -Masjid Djami’ Saidina Abu Bakar
Assiddiq, Bangsar

(Source: Author)

Table 5. Findings of the case study of CS5 - Masjid Djami' Saidina Othman
Ibn Affan, Cheras.

(Source: Author)
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In reference to the abovementioned tables of case studies, it indicates
that the communal mosque built in the 1980s and 1990s mostly adopted
the modern regionalism approach. Indirectly through this kind of design,
it promotes the development of the sustainable community by empowering
people to become more powerful and more involved in their communities.
Why is this aspect important? According to scholars such as Roff (1998);
Hadiz and Teik (2011), the '80s to 90s was the era of the rise of many Islamic
preachers as a result of disagreements between various political parties
and Islamic ideologies from local leaders. As such, Islam became the main
agenda as a political tool in all matters of administration and leadership.
This includes the aspect of the built environment for attracting the attention
and support of the people towards the leadership of the government's ruling
party. During this era, mosques were built in large numbers as a medium for
unifying the community and were fully managed by the Religious Affairs
Department so that government bodies could monitor each programme
and activity. Every mosque, regardless of whether the state government
builds it, an individual or a group, must be registered under the Religious
Affairs Department (Ismail & Rasdi, 2010). This is because control must
be exercised to prevent mosques or musollas from being used for political
purposes. It is also a political agenda by the government to regulate militant
dakwah movements that may disrupt the peace of the country, state and
government party. In this regard, many djami' mosques in this era were
built with a simplistic and straightforward approach for public acceptance.
The mosque designs have greatly evolved based on local needs like climate
and topography. The styles are, therefore, universal and widely adopts
the modern regionalism approach as the main thrust to make the identity
agreeable to the local community. The role and use of mosques with the
modern regionalism characteristics are seen to be in line with the demand
of using mosques the way they used to be during the time of the Prophet
PBUH which significantly emphasis on functionality. In other words, it
does not place any importance on the architectural design style, but the
architecture formed naturally based on the contextual needs and desires
of the local community (Rasdi, 2005). Indirectly, mosques have become
easily acceptable and serve as a symbol of dakwah to convey the Islamic
message properly.
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DISCUSSION- DESIGN STRATEGY AND APPROACH
The findings explained how modern regionalism approach could influence
the appearance of djami' mosques with sustainable features so that this
place of worship can function as a centre for social development. This is
important because djami' mosque is a symbol of unity that could reflect the
socio-cultural achievement as well as portraying the identity of progress
for the Muslim community. Furthermore, mosque design with modern
regionalism characteristics like the integrated features of scale and size,
as well as tectonic values, can foster the relationship between building
design and users and the surrounding community. As a result, the building
as the end product will be accepted by the community and can blend in
with the local identity context. In short, modern regionalism approach can
be implemented on any appropriate building components in terms of form
and space to meet the needs of the society.
To sum up, the guideline in designing djami' mosque will be of benefit
to future designers, as explained in Table 2. These four proposed guidelines
and design strategy are as follows. Firstly, mosque design needs to be built
based on an open concept so that anybody can easily access it regardless of
religion, culture, and race to enter the mosque area. Secondly, the location
of the mosque should be suitable and strategic such as the main road and
central public area. Thirdly, the mosque design facade must have ergonomic
features that promote sustainability which prioritizes functionality for
users. Fourthly, mosque design encompassing building structure (floor,
walls, pillar, and roof as well as ornamentation) should consider natural
characteristics' values and responsive to the existing climate. This will ensure
a quality interior and building exterior that are unique and effective in the
aspect of visual appearance. The outcome will be a building design with
natural features that provide much comfort to users. Hence, architecture that
adapts the regionalism approach will meet the local needs and requirement
which suits the environment climate and fulfils the local community cultural
needs(Dougherty, 1996). By addressing this, the aspect of a sustainable
community can be fulfilled (Refer to Section 2.1 & Refer to Table 6).
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Table 6: Modern Regionalism Approach for Djami Mosque towards the
Benefit of a Sustainable Community
The outcome of architecture with modern regionalism
characteristics for the development of a sustainable
community

Modern regionalism approach
in Djami' Mosque Architecture

Will produce a design with –
•Openness values and easily accessed fully
•Strategic location

-Through proportionate
building scale
-Through appropriate facade
and structural design

Will produce a design with –
•Environmental friendly and economic features
•Natural features (harmonious with the site) with social
sustainability that celebrates the needs of the users'
senses which respond to users' requirement and
organic
•Cultural features, local environment identity and fullyfunctional
This will benefit towards the development of sustainable
community because it can improve the quality of life in
such a way that environmental and social impacts in
building design are minimized.
(Source: Author)

CONCLUSION
Based on the study above, modern regionalism approach can contribute
towards the development of djami' mosque architecture as a communal
centre which focuses on sustainable values from the aspects of context
and tectonic through proportion and scale as well as the design facade and
building structure. This study, therefore, is critical because it contributes to
the establishment of djami' mosques' architecture identity with descriptive
attributes based on local style and requirements rather than copying and
referring to the style expressions of mosque architecture solely from the
Middle East. Through clear and systematic understanding, reference on
regionalism values in architecture is viewed as something dynamic and could
be easily shaped in the latest design trend and concept. This is because the
referencing on modern regionalism is much subjected to a local experience
that is bounded by the existing context and environment which answers
to socio-cultural needs for the development of sustainable communities.
This study, therefore, is critical because it provides the guideline in
developing the theory and philosophy of 'djami' mosque modern regionalism
design characteristics in Malaysia. This study is also beneficial to assist
the authorities, designers, historians and scholars who are looking for
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interpretations about the relationship that exists between mosque architecture
and modern regionalism characteristics for the sake of the wellbeing and
sustainable communal development of the nation in the future.
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ABSTRACT
The process of evolving from “inside”, inherent to the design culture of
Vishwakarma craftsmen in Penang, provides a holistic link to its techne
heritage to define the approach, process and ethics in designing culture,
and sensual and sensible spaces. The exploration of “inside” allows us to
understand our being in architecture which interconnects to all beings in
the world.The role of body and human senses in perceiving a phenomenon,
allows for a conscious experience, where we live through them by performing
the conscious act through our body; which becomes an experiential, firstperson feature, in exploring “being” in architecture.
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INTRODUCTION
This paper focuses on the concepts of existential phenomenology as
forwarded by Heidegger in Building, Dwelling, Thinking (1954), within the
context of design in the Vishwakarma craftsmen tradition and extrapolating
that to the emphasis of experiential architecture; a concept that places the
primacy of bodily experience of space, as explored by Merleau-Ponty in
Phenomenology of Perception (1962). Both these concepts when anchored
by the Vishwakarma techne heritage, perceives the pursuit of design as a
process evolving from the inside, where the primacy of perception comes
from inter-sensory engagement with the environment.
Evolving From Inside
The range of Indian crafts extends over the entire culture and the
number of the arts is unlimited, “but they are summed up under sixtyfour major headings” (Kramrisch,1958). These sixty-four headings are
also called as sixty-four techniques (kalā). Elaborating on this, Kramrisch
(1958), further added that, in the traditions of the Indian craftsmen, “the
name for any art or craft is śilpa. The meanings for this word are “multicoloured”, and comprise art, skill, craft, labour, ingenuity, rite and ritual,
form and creation. Neither the word “artist” nor “artisan” nor “craftsman”
are adequate translation of śilpin; for the arts and crafts in India partake
in the nature of rites whose technical performance had magic power.”
The Aitreya Brāhmaṇa (VI 5.27) says, “śilpāni, the works of art of man,
are an imitation of divine forms, by employing their rhythms, a metrical
reconstitution is affected by the limited human personality.” In echoing a
similar understanding, Ananda K. Coomaraswamy, explains the conception
of art by the Vishwakarma craftsmen:
“The Indian craftsman conceives of his art, not as the accumulated
skill of ages, but as originating in the divine skill of Visvakarma
and revealed by him. Beauty, rhythm, proportion, ideas have an
absolute existence on an ideal plane, where all who seek may
find. The reality of things exists in the mind, not in the detail of
their appearance to the eye. Their inward inspiration, upon which
the Indian artist is taught to rely, appearing like the still small
voice of God, that God was conceived of as Visvakarma. He
may be thought of as that part of divinity which is conditioned
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by a special relation to artistic expression or in another way,
as the sum total of consciousness, the group soul of individual
craftsmen of all times and places” (Coomaraswamy,1989, p.47).
There are many previous studies done on the mythmaking and
institutionalization of the Vishwakarma crafts and artisan such as “The
origin of Vishwakarma caste according to the Hindu treatises on the arts”
(Acharya, 1994; Ramaswamy, 2004; Varghese, 2003), “Construction of
Vishwakarma caste and the demonstration of tradition” (Kramsrisch,
1958; Coomaraswamy, 1909), “intrinsic religiousness” (Coomaraswamy,
1909, p.70). “Rediscovery of South Indian bronze casting during colonial
regime and its feature in museum and as tourist promotions as symbol of
India’s cultural past” (Srinivasan, 2004; Dehejia, 2003; Davis, 2004; Davis,
1997; Nagaswamy, 2000; Nambiar, 1961), “The state of post-colonial craft
communities and discontinuities of tradition” (Nambiar 1961). “Political
mobilization in post-independence period among Vishwakarma community
in Kerala” (Varghese, 2003).
While historically, the term Vishwakarma refers to an endogamous
five-fold craft communities, in parts of southern India, especially in Tamil
Nadu and Kerala, these communities are also known by different names
such as Kammalar/ Panchala/ Aachary/ Silpachary analogous to five-fold
clans . The Vishwakarma community in Georgetown, Penang engage in
artisanal goldworks and trace their heritage back to southern India where
they represent traditional artisanal communities who have left behind a
permanent imprint in terms of material culture and techne heritage. Techne,
is a complex concept constitutes both art and technology, that appear as rite
and ritual in its external process. The phenomenology philosopher, Martin
Heidegger in elucidating the meaning of “techne”, says the following in
his book, Building, Dwelling, Thinking (1977):
“To the Greeks, techne meant neither art not handicraft but, rather, to
make something appear, within what is present, as this or that, in
this way or that way. The Greeks conceive of techne, producing,
in terms of letting appear.” (Heidegger,1977, p.377).
In Transformation of Nature in Art (1934), Coomaraswamy writes,
“there is indeed, but one authority (pramatr) whose knowledge is
universal (visva) and innate (shaja), not acquired by instruction
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or practice, that is the Lord as Visvakarman or Tvashtr”
(Coomaraswamy,1934, p.81).
Coomaraswamy’s writings awaken a holistic link between the
conceptual significance of the universal creative principle of Vishwakarma
and the lived artistic traditions in order to understand the transformation
of nature into plastic arts, although in an idealized vision. Furthermore, as
illuminated by Jan Brouwer (1995) in his book Makers of the World: Caste,
Craft and Mind of South Indian Artisans, informs an anthropological study
amongst blacksmiths in Karnataka, India. Vishwakarma, who is venerated
as the God of engineering and architecture, if we were to go back to the
Vedic period, is the “maker of the world” as how the Sanskrit term implies.
“Lord Vishwakarma, who is the origin of all sculpture, creator of
architecture of the universe source of all forms, actions and
names… He who keeps…Mother Gayathri in his heart…who is
as high as the Meru Mountain (the divine mountain)… like the
divine kalpavriksha (tree of life)…” (translated from “Kasyapa
Silpasastra”, the medieval artistic treatise used in southern India
in Nandagopal (2017) , Ritual Enactment in Temple Tradition).
The myth, a form of awareness, of the descent of the craftsmen from
the principle – “Lord Vishwakarma”, is active on all levels of the craftsmen’s
being. If the craftsmen infringe on the tradition, and if the composition of
the art has no wholeness, the craftsmen therefore not only projects as a poor
artist, but becomes an unholy person. While all craftsmen are artists, not all
artists are craftsmen. This is because creative work that evolves from the
inside has the sanctions of a sacrament in Indian societies. Even today, in the
Indian diaspora, craftsmen revere and worship their tools and instruments
of trade on the day of Vishwakarma Puja at the Dussehra festival because
these paraphilias are essentially an extension of a craftsman’s body by which
the artist who lies inside can evolve beyond the limitation of human psyche
to shape nature into work of art.
From this perspective, flawless execution of the rules of the art is
only one of the conditions. For example, the rite of initiation of architects
comprise of mastering the drawings, knowledge of 2D or 3D diagrams
etc. But this alone does not make the true work of art, because apart from
technical competence, the artist within has to awaken “the latent possibilities
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of the being” (Kramrisch, 1958, p.5).
The personality of the craftsmen is therefore proposed with practical
application in a somewhat mystical way where the process of design itself
is regarded as a sacrament, rather than secular. Coomaraswamy (1909),
has quoted in his writing by extracting from the Sri Maha VajraBhairava
Tantra, an ancient Sanskrit text that offers a description of an ideal artist:
“The painter must be a good man, no sluggard, not given to anger, holy,
learned, self-controlled, devout and charitable, free from avarice
– such should be his character. The hand of such a painter may
paint on Sura-cloth. Would he attain to success, then enters the
gift of the Sura into him. He should draw his design in secrecy,
after having laid the cloth quite flat. He may paint if besides the
painter only a sadhaka be present, but not if a man of the world
be looking on.”
All of these may appear as expressions of spiritual understanding, yet
we can also see how these ideals were reproduced in practice. Watt, in his
writing, Indian Art in Delhi (1903), describes about the works of a head
carpenter who was commissioned to make a reproduction of a room in a
palace of the Maharaja of Bhavnagar by following the ancient rules of his
craft. The head carpenter while progressing on his work, observed that the
finger of God was pointing the way, hence mistakes were impossible. In
support, he quoted the ancient rules of his craft:
“The breadth of the room should be divided into twenty-four parts,
of which fourteen in the middle and two at each end should be
left blank, while the remaining two portions should each form
windows or jalis. The space between the plinth and upper floor
should be divided into nine parts, of which one should be taken
up by the base of the pillar, six parts by the column, one by the
capital, and one by the beam over it. He then added that should
any departure be made from these rules, the ruin of the architect
and death of the owner were sure to follow.”
What can be implied here is, the Indian craftsmen views are more
than contempt of those who “draw after their own vain imagining”
(Coomaraswamy, 1909, p.90). This is because under all the limitations of
the human physical body and the context of surrounding, the craftsman,
147

Malaysian Journal of Sustainable Environment

when it comes to the process of designing, is no longer an individual who
is expressing the individual whims and fancies, but part of the universe,
evolving into expressions that gives form to the ideals of eternal aesthetics
– an everlasting beauty that is eminent in nature around us.
Experiencing From Inside
Architecture, as applied arts and technology, is essentially, the physical
demarcation of an inside from an outside. All of us begin being inside in
the womb. Even when birth brought us outside, we are still inside; inside
the room, inside the building that holds the room, inside the building on
the site, the site in the city, the city in the region, the region in the country,
the country in the world. Although from birth onwards, we are all forever
inside some space and outside some space, the primacy of experiencing
architecture itself remains one of being inside.
“Inside refers to a physical location that is somehow separated,
physically or symbolically, from another physical location that
is exterior to it. The locations of inside and outside generate
different spatial experiences and, by association, suggest different
mental orientations toward the world. And so, we use the spatial
and experiential distinction between inside and out to help
structure our understanding of the world and the actions that
follow” (Johnson, 1987, pp. 30-7).
The places we occupy with our bodies that we fill with memories and
aspirations becomes another kind of inside called the “being” of human
occupancy. In understanding “being” in architecture, we look at how
phenomenology philosophers have explored its etymological concepts.
Heidegger in his Building, Dwelling, Thinking (1954), discusses
the word “to be” (German: bis) which points us to the essence of “being.”
Building, Dwelling, Thinking, (German: “Bauen, Wohnen, Denken”) was
originally published from a lecture Heidegger presented in 1951; while,
Jeff Malpas, in his essay of Heidegger, Aalto, and the Limits of Design,
contends that “dwelling” is not the ideal translation of wohnen, because
“dwelling” is an unusual word in English, whereas wohnen is an everyday
term. Malpas argues that a better translation would be “living” or “residing.”
“The truck driver is at home on the highway, but he does not have his
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shelter there; the working woman is at home in the spinning mill,
but does not have her dwelling place there; the chief engineer is
at home in the power station, but he does not dwell there. These
buildings house man. He inhabits them and yet does not dwell
in them, when to dwell means merely that we take shelter in
them” (Heidegger, 1954).
“Dwelling” and “building” are related as ends and means. As long
as we think about this, we tend to take “dwelling” and “building” as two
separate activities. But in Heidegger’s writing, “building is in itself already
dwelling.” Through language we can measure the essence of “dwelling”
and “building”. Derrida (1997), translated by Gayatri Spivak, forwarded
the concept of supplementarity, which sees language, as a supplement of
reality and can be taken into discussion with these Heideggerian’s concept.
Even for Heidegger, language is omnipresent and things exist in relationality
with language. In Old High German, the word for bauen – buan - means “to
remain.” While the actual meaning of bauen is lost in translation to English,
we can project to a concealed trace of it in the German word, Nachbar, which
is the Nachgebur, the Nachgebauer; “the near dweller.” In German, the verbs
buri, büren, beuren, beuron, indicate “dwelling”. Thereby, the old word
buan, not only informs us that “to build” is really “to dwell” (to remain),
it also hints us to direct us of how we must think about what it means “to
dwell”. This is also because, when we talk about dwelling as human activity,
we usually imagine its implied connotation. The word bauen, speaks in its
original sense, of how far the essence of dwelling extends. So, bauen, buan.
bhu, beo exist today in the German word bin, in the forms ich bin (“I am”),
du bist (“you are”) and the imperative form bis (“be”).
However, building as dwelling, as being on earth, often escapes
our everyday experience as linguist says, that which we do “habitually”.
The German word for “habitually” in this context is Gewohnte. There is
obvious relationship between wohnen and Gewohnte, just as in English,
the relationship between the word “habit” and “inhabit.” Therefore, the
evidence of the original meanings is shown in the fact that language retracts
the actual meaning of the word bauen. This is because with the essential
words of language, these foreground meanings often veil the true meaning,
which are easily forgotten. Just like the old word bauen, the Old Saxon word
wunon and the Gothic word wunian, mean “to remain”, “to stay in a place”.
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But the Gothic word wunian says more distinctly how this remaining is
experienced. Wunian means to be at peace, to be brought to peace, to remain
in peace. While bauen in modern German means “to build”, Heidegger
establishes bauen as having two essential meaning; pflegen (to cultivate),
and errichten (to erect). Ultimately, Heidegger is making the argument that
bauen (building), wohnen (dwelling), and sein (be) point to the same act,
because they share their etymologies in German.
The basic feature of “building”, “dwelling” and “being” reveals itself
to us as soon as we reflect on the fact that human existence is based on
“dwelling”, in the sense that mortals reside on the earth. In this “Primal
Oneness”, all four (earth, sky, the divinities and mortals) belong in one
unity. Heidegger developed and characterized “The Fourfold”, inspired
by the poetry about nature and beauty by Friedrich Hölderin (1770-1843),
a German poet. Heidegger in discussing “The Fourfold” describes that,
“human being consists in dwelling and, indeed, dwelling in the sense
of the stay of mortals on the earth”. To elucidate further, “on the earth”
already mean “under the sky” and both of these mean “remaining before
the divinities” and fosters a “belonging of inter being with one another”.
Not only does our “being” as humans belong to one another, our “being”
belong with all other beings on earth as well. Heidegger called life, das sein
(“being”). Much of Heidegger’s philosophy is devoted to trying to wake
us up to the fragility of our lives. Once we are aware that we and all other
living things share this finite, fragile state called “being”, we might learn to
identify more with them, recognizing our universal kinship with all living
things and the earth itself. This feeling of unity comes when we realise
how much are all of us, in other words the entities on earth are connected.
However, usually we tend to separate ourselves from these “others”. This
happens due to the continuous “chatter”, which Heidegger termed, das
gerede, of routine life in modern society, that tends to drown our senses and
lead to separation that results from escapism. Heidegger urges us to see the
interconnectedness of life and to emancipate ourselves from the chatter by
focusing on the intensity of our “being” and to live “authentically”, or as
Heidegger termed eigentlichkeit.
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Figure 1. “The thinging of things”
(Source: Adapted from Heidegger’s “The Fourfold”)

Life, therefore is a conscious experience, where we live through them
by performing the conscious act through our body. This experiential, firstperson feature, that of being experienced is an essential part of existential
phenomenon. While Heidegger handles the “big picture” of existentialism
by studying the grandness of “being”, Maurice Merleau-Ponty illuminates
the details of daily living and the details of the everyday that comes from
human interaction with the environment.

DISCUSSION: EVOLVING FROM INSIDE
The inside which is unseen but felt, is the realm of embodied experience,
of both aspirations and fears, could also be too “subjective” to be trusted
or valued. This is because, our societies today have adopted the perspective
that stems from the model of understanding that rests on Cartesian duality,
introduced by René Descartes, that is based on an attempt to detach human
consciousness from what is considered the physical materiality of bodies
and matter. In the philosophy of René Descartes, one has to arise above the
embodied experience of the lived-body to attain objective knowledge. To
elucidate further, René Descartes, regards vision as the most universal and
noble of the human senses and his objectifying philosophy is consequently
grounded in the privileging of vision where he also equated vision with
touch, a sense which he considered to be “more certain and less vulnerable
to error than vision.” (Pallasmaa, 1996). The distancing of the objectivity
of this “experience of inside” arise in architecture mainly from the sense of
sight because in order to see, we need no direct physical contact with the
phenomena, and thus we can be removed from it. The other senses of touch,
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sound, smell, taste in unison require actual engagement and immersion in
the phenomenon, which comes naturally in the artisanal goldworks tradition
of the Vishwakarma.
Very often, we remain on the outside where our experience gets limited
to contemplation of the building, its spaces and the architectural experience
of our physical bodies because we remain remote, disengaged from the
phenomenon as disembodied beings.
In architecture today, we see buildings that represent what Juhani
Pallasmaa calls “architecture of the eye”, which create a sensory and mental
distance between bodies and building. We have created built environments
in this disembodied image of our body to experience; “observe but do not
feel”. The dominance of vision over other senses and its resultant bias
in cognition is evident in our built environment as much as it is in many
other areas, as it has been observed by many philosophers. For example,
Modernity and the Hegemony of Vision, a collection of philosophical essays,
analyses the “historical connections between vision and knowledge, vision
and ontology, vision and power, vision and ethics.” This body of writings
argue that “beginning with the ancient Greeks, Western culture has been
dominated by ocular-centric paradigm, a vision-generated, vision-centred
interpretation of knowledge, truth and reality” (Levin, 1993). In describing
the isolation and detachment that arise from this, Pallasmaa (1996, p. 20)
argues that “as buildings lose their plasticity and their connection with the
language and wisdom of the body, they become isolated in the cool and
distant realm of vision. With the loss of tactility and measures and details
crafted for the human body – and particularly for the hand- architectural
structures become repulsively flat, sharp-edged, immaterial and unreal.” (,.
To put it directly, “objects” are readily visible and take no effort to
discover. However, what is inside is not visible because it is not yet been
made visible. To perceive the inside, it necessitates realizing and discovering,
which can come through the lived-body experience. Phenomenology
philosopher, Maurice Merleau-Ponty makes the human body the center of the
experiential world. He says, “our own body is the world as the heart is in the
organism: it keeps the visible spectacle constantly alive; it breathes life into it
and sustains it inwardly, and with it forms a system.” Merleau-Ponty argues
that the experiential foundation of this immersion-in-world is perception,
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which he relates to a lived-body that simultaneously experiences, acts in,
and is aware of the world that, typically, responds with immediate pattern,
meaning, and contextual presence. By its very nature, perception places
itself in the background as it draws us out into the happenings of our world.
As Merleau-Ponty clarifies, “perception hides itself from itself… it is of the
essence of consciousness to forget its own phenomena thus enabling ‘things’
to be constituted…” (Merleau-Ponty 1962, p. 58). Hence, in Phenomenology
of Perception (1962), Merleau-Ponty’s fundamental intention is to review
perception of the lived-body phenomenologically by “reawakening the
basic experience of the world…” (1962, p.viii). In explaining perception
of the lived-body, Merleau-Ponty argues that it results in “synaesthetic
perception” – “a whole already pregnant with an irreducible meaning…”
(Merleau-Ponty, 1962, p. 229, pp. 21–22). In other words, qualities of the
world directly resonate with the lived-body and thereby convey immediate
meanings and ambiences, though typically at a contained, unself-conscious
level of awareness that is best located and described via phenomenological
study. The very process of creating from inside is therefore an exploration
of the unknown that also strikes a theological tension. Each process requires
reinterpretations of any existing boundaries to reinvent the means and end.
It brings with it a certain tension to balance amongst need, purpose, and
resource to manifest a new experience every time.

CONCLUSION
Reading Heidegger’s Building Dwelling Thinking (1954), parallel to the
projection of Vishwakarma techne heritage into architecture, allows us to
advocate for a more phenomenological and poetic understanding when
creating spaces, where designers construct new pieces of reality, thus
modifying and enriching the world of human experiences. While we hold
true to the Heideggerian essence of “being” in inhabiting spaces, we anchor
that understanding in the process of design as advocated by Merleau-Ponty
(year?) who urges us to look at the experiential body and the experience
of engaging with space. In consolidating these two concepts, we can
look at what limits architecture today as explained in Body Memory and
Architecture (1978), by Bloomer (year?) and Moore (year?) who argue,
“what is missing from our dwelling today are the potential transactions
between body, imagination, and environment (page number?).”
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While it is true that the objective model of knowledge is the prevailing
model in our societies today, we have to acknowledge the reality, that by
denying the lived-body experience, we also devalue both our bodies and the
material world by treating them as merely objects. In repressing the value
of encountering, experiencing and evolving from inside, we repress our
desires, dreams, fears and aspiration which give form to the narratives that
in turn give form and animate our lives and our physical surrounding. As
designer-architect, Kisho Kurokawa (1998, p. 99) argues, “the essence of
the problem is … that one-sided overdependence on the intellect underlying
Western culture. Intellect is valued far above emotion; rationality the
essence and ultimate form of humanity. Rationalism has played a decisive
role in industrial society, but it has also led us to disdain and devalue the
importance of consciousness, spiritual phenomena and emotion.” Striving
for rationality and objectivity alone in architecture becomes an attempt to
repress our collective dreams altogether, consequently, we forget in the
power of our dreams in making our world. We forget our own magic power
because we are fascinated by what appears as “rational”.
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ABSTRACT
Currently, there are wide-ranging policies available on sustainable
development from the Government of Malaysia. There is a need for a
literature to be used as the point of departure for sustainable development
discussion. This paper aims to serve as a one-stop centre for easyreferencing on Sustainable Development Goals (SDGs) policies in Malaysia.
The paper first presented the background on sustainable development and
Malaysian governance structure to provide context. Further along, the paper
summarises the policy framework on Sustainable Development Goals under
the Ministry of Housing and Local Government’s ambit with particular
attention to local governments. Findings showed that the Malaysian
government do not lack the effort and desire to achieve SDGs. Sustainable
development concept has been embroidered into numerous policy and
governance framework. Local governments should treat policies as a tool
and means of SDGs implementation at their municipalities. As public policy
undergoes constant changes and modification, having a sound foundation
on public policy can lead to better judgement and decision making.
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INTRODUCTION
Sustainability has been the core of Malaysia’s development approach, and
many policies have been established and continuously evolved and renewed
to reflect that. The purpose of this paper is to identify and review the current
Malaysian government policies regarding sustainable development under
the Ministry of Housing and Local Government’s ambit.
The benefit of this paper is two-pronged. Firstly, it serves as a point of
departure on Malaysia’s Sustainable Development Goals policy regarding
local governments. Secondly, it could be used to inform and familiarise
those who are new to the field regarding SDGs policies in Malaysia. Thus,
this paper aims to be the ABCs of SDGs policies related to Malaysian local
governments.
This paper is organised into six parts. After the introduction section,
the second section deals with the method used in this research. The third
section highlights an overview of sustainable development. The fourth
section accentuated the overview of governments in Malaysia. The fifth
section underlined Sustainable Development Goals governance and policy
framework. The sixth and final section deals with the discussion before
concluding the paper.

METHODOLOGY
According to Jesson, Matheson, and Lacey (2011), a literature review is a
desk-based research method which critically describes and appraises what
is already known about a topic using secondary sources. From several
approaches literature review, this paper applies a narrative approach that
involves using text to describe a background (Fink 2014) and a narrative
writing style to summarise a subject’s current state (Jesson, Matheson, and
Lacey 2011). A narrative review also explores heterogeneity descriptively,
rather than statistically (Petticrew and Roberts 2006).
This research aims to identify and review all available policy
documents within the ambit of the Ministry of Housing and Local
Governments (MHLG) for local governments in Malaysia. A policy is
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defined as a documented commitment or a plan to pursue a course of action
outlining how it will be implemented through program or activities (Bullen
and Lyne 2006).
The search process commenced with a literature search through
the MHLG, PLANMalaysia, Local Governments Department and Prime
Minister’s Department official websites. The search identified nine related
policies or policy cluster. A preliminary assessment was done to identify
the policies’ implementation jurisdiction to ensure that the policies selected
were in line with the research aim. The analysis was performed using content
analysis, and the breadth of information available meant that only vital
themes could be extracted from the policies specifically: 1) background of
the policy, 2) policy aim and 3) policy framework.

SUSTAINABLE DEVELOPMENT GOALS
In 2015 the United Nations adopted the 2030 Agenda for Sustainable
Development, also known as the Sustainable Development Goals (SDGs),
comprising 17 goals and 169 targets. It serves as the overarching framework
to guide global and national development until 2030 and detailed in
the outcome document, Transforming Our World, the 2030 Agenda for
Sustainable Development (UN 2015). The most frequently cited definition
of sustainable development has been coined in the Brundtland Report where
it mentioned that sustainable development is a development that meets the
present’s needs without compromising future generations’ ability to meet
their own needs (WCED 1987).

Figure 1. The 17 Goals of Sustainable Development Goals
(Source: UN, 2015)
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LOCAL GOVERNMENTS IN MALAYSIA
There are three levels of government administrative structure in Malaysia.
After the federal and state governments, local governments represent the
government’s third tier. The local governments are administered by the Local
Government Act 1976 (Act 171) in Peninsular Malaysia. These laws regulate
and uniform the local governments in Malaysia and compel federal, state
and local governments to work with each other and synchronise policies
and programmes without operating in isolation.
The MHLG is the principal agency responsible for coordinating
local governments’ practices in Malaysia (Osman et al. 2014). MHLG’s
primary role is to regulate policies, provide advisory services on land
planning, manage development and conservation, and regulate solid
waste management for the federal government, state governments, and
local authorities. The Ministry also assists and guides local authorities in
providing municipal services, socio-economic and recreational facilities.
Finally, the Ministry also implemented urban resilience programmes and
activities and public participation in governing local governments (KPKT
2020b).
The local governments are positioned as a state function under the State
List (List II, Items 4-5) of Schedule 9 of the Federal Constitution, except
for Kuala Lumpur, Putrajaya and Labuan Federal Territories, which fall
under List I, Item 6, placing it directly under Federal authority (Malaysia
1957). Since the Federal Constitution listed the local governments under
the state list, MHLG can only exercise indirect authority over the local
government by other means, for example, through the annual federal
statutory grant contributions. The Annual Grant is the Federal Government’s
contributions channelled to the local governments through state government.
Annual grant contributions are made under the provisions of the State
Grants (Maintenance of Local Authorities) Act 1981 (Act 245) and Article
109(3) of the Federal Constitution. The allocation is intended to help local
governments manage their administration and support local governments
in fulfilling their responsibilities in providing quality services and meeting
the local community’s needs (JKT 2020).
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SUSTAINABLE DEVELOPMENT FRAMEWORK IN
MALAYSIA
The government of Malaysia has published a considerable amount
of policies on sustainability. In the sections that follow, the Malaysia
sustainable development framework discussion will be tabled and divided
into the governance framework and the policy framework.
Malaysia SDGs Governance Framework
At the apex of the SDGs governance structure is the National SDG
Council (NSDGC), chaired by Malaysia’s Prime Minister, established in
2016. Its members comprised of government agencies and representatives
from the private sector, academia and civil society organisations. The
NSDGC’s purpose is to plan, monitor, and provide leadership on SDGs
implementation.
The NSDGC is supported by the National Steering Committee (NSC),
chaired by the Economic Planning Unit (EPU) Director-General. The
NSC’s establishment aims to draw Malaysia’s SDG Roadmap, monitor the
implementation of Malaysia’s SDG efforts, identify and solve issues, and
report upward to the National SDG Council.
In turn, the NSC is responsible for monitoring five SDG Cluster
Working Committees (CWCs) placed under its purview. Each of the CWCs
concentrates on one of the five dimensions: well-being, inclusivity, human
capital, the environment and natural resources, and economic growth.
The CWCs are tasked with identifying each SDGs indicators, developing
and implementing programmes, and reporting progress to the NSC. A
Section Head from EPU leads each CWC, and its membership includes
government agencies, civil society, the private sector, academics, United
Nations agencies and youth representatives. Seventeen Task Forces were
also set up, one for each of the SDG goals and placed under the Working
Cluster Groups. The Task Forces are led by Directors or Deputy Directors
of the EPU (Misran 2016).
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Malaysia SDGs Policy Framework
Malaysia has long incorporated sustainability concepts into its
development policies. The following sections will outline nine current
government policies. These policies are the medium of the interaction
between the federal, state and local governments where the shared
responsibilities of land use planning and development control at the local
level are crucial to SDGs’ achievement.
National Urbanisation Policy
The National Urbanisation Policy (NUP) was established in 2006
to guide and coordinate the country’s urban planning and development to
be more efficient and systematic and address environmental conservation
and urban resilience issues to create a liveable environment and handle the
increase in the urban population by 2020, balancing social, economic and
physical development. The Second National Urbanisation Policy (NUP2)
then was established in 2016 to continue and advance efforts that have not
yet been achieved or fully implemented during NUP. The NUP aims to,
1) develop a planned, quality, progressive and sustainable city, 2) foster
a competitive urban economy, 3) encourage social development through
a conducive environment, 4) eradicate urban poverty, 5) strengthen the
planning, implementation and monitoring system, and 6) strengthen urban
management and administrative institutions (PLANMalaysia 2006).
The implementation of the NUP was compartmentalised into
six thrusts, specifically, creating, 1) efficient and sustainable urban
development, 2) resilient, dynamic and competitive urban economic
development, 3) integrated and efficient urban transportation system, 4)
quality infrastructure, utility and urban services, 5) a unique, conducive and
liveable urban environment, 6) effective urban governance (PLANMalaysia
2006). Compared to NUP, the NUP2 streamlines its principles with the
objective and strategic actions to ensure that all implementation agencies
and organisations understand the direction of NUP2. The five principles
of NUP2 are, 1) good urban governance, 2) liveable city, 3) competitive
urban economy, 4) equitable and inclusive urban development, 5) green
development and a clean environment (PLANMalaysia 2016).
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According to Somasundram et al. (2018), the NUP was established
within a comprehensive and integrated framework, to deliver quality urban
services that would ensure safer, systematic, modern and attractive towns.
The NUPs highlight the importance of strategy, action, decision-making,
policy, and implementation in creating sustainable urbanisation. It outlines
a hierarchy for conurbations where each contains a core city centre with
satellite towns (Hasan and Nair 2014). It adopted a classification between
national, regional, sub-regional, state and district growth centres, major
and minor settlement centres and towns and constituted the foundation for
urban services planning (Grunsven and Benson 2020).
Malaysia Smart City Framework
The Malaysia Smart City Framework (MSCF) is a national framework
that serves as a guide and reference to local governments, state governments,
federal ministries and agencies, industry players, academicians, and other
stakeholders in holistically develop Malaysia smart cities. The MSCF was
established considering the rising importance of designing and implementing
smart cities development in Malaysia. The policy was created under the
premise that smart cities can provide solutions to urban issues, thereby
enhancing the quality of life of urbanites. The MSCF was also created
to meet national and global agendas particularly the SDGs, ensuring that
Malaysia is keeping pace with the global trends in urban development,
promoting digital economy and aspiring to be on par with other global cities.
The MSCF is commanded by the Smart City Executive Committee
(SCEC) who reports directly to the NCLG. SCEC is supported by Smart
City Technical Committee who oversees the implementation of MSCF
under three clusters: the pilot projects under ASEAN Smart Cities Network,
Technical Experts Group from 15 agencies, and 154 local governments
(KPKT 2020a).
The MSCF aims to address urban challenges by spearheading the
smart city development in Malaysia across sixteen cross-cutting subpolicies summarised into five themes by Lim et al. (2020) namely 1)
governance reform, 2) city system, 3) sustainability or resource efficiency
or cybersecurity, 4) digital innovation or infrastructure or data or economic
growth, and 5) social inclusion or empowerment or human capital. Thus, it
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can be arguably summarised that the themes are consistent with achieving
the SDGs through digital transformation in urban areas.
The MSCF listed the smart city components as a smart economy, smart
living, smart environment, smart people, smart government, smart mobility
and smart digital infrastructure. Thirty-six strategies are outlined under the
smart city components, where one or more initiatives support each strategy.
MSCF also contains 92 indicators to measure the achievements and impact
of smart city implementation.
National Housing Policy
The National Housing Policy (NHP) 2018-2025 aims to guide
and drive the country’s housing sector through systematic and efficient
housing planning, development and management to generate sustainable,
habitable, quality, inclusive, and affordable housing. NHP is intended to
map out housing policies and action plans for the period 2018-2025. It
serves as a national framework to steer housing development at the federal
and state levels and placating housing sector demands and needs. NHP
is a comprehensive housing policy and ensures cities’ development and
economically viable conurbations (JPN 2018). Subsequently, the Affordable
Housing Policy (AHP) was launched in 2019 as a sub-policy designed to
outline requirements, critical criteria, prices and guidelines for constructing
affordable housing developed by the federal and state government or the
private sector. The sustainability concept in affordable housing is enshrined
in 17 requirements that need to be considered to achieve affordable housing.
There are six objectives of the AHP. Firstly, it seeks to uniform
affordable housing construction policies among players in the housing sector.
Secondly, it aims to provide sensible and appropriate affordable housing
policies align with the housing market growth. Thirdly, it encourages the
public and private sectors to build an affordable home that is cost-effective
and time-saving to construct. Furthermore, it pushes affordable housing
construction to ensure that a qualified household can own a house. In
addition, it outlines the requirements and characteristics of sustainable,
habitable and safe housing construction to improve residents’ quality of life.
Finally, it seeks to reduce the affordable housing construction cost without
reducing the quality of housing, public facilities, and the environment (JPN
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2019).
National Solid Waste Management Policy
The solid waste management policy framework involves a spiderweb
of regulations. These regulations involved documents such as the National
Strategic Plan for Solid Waste Management, Waste Minimisation Master
Plan, National Solid Waste Management Policy, Solid Waste and Public
Cleansing Management Act 2007 and Malaysia Plans. This section will
attempt to explain the interplay between these regulations.
The National Strategic Plan for Solid Waste Management (NSPSWM)
was created in 2005 to provide an institutional and regulatory framework
to federalise and privatise the solid waste management in Malaysia (MHLG
2005). The six strategies and eleven recommendations highlighted in the
document reflected the changing landscape of solid waste management
from previously centred around municipalities to one that is fixated on the
federal government.
The Waste Minimization Master Plan (WMMP) was established
in 2006 to underline vision, strategies, guidelines, action plans and
stakeholders’ roles for the federal government, local authorities and pilot
projects to minimise solid waste disposed of in Malaysia (Agamuthu and
Victor 2011). The vision of the WMMP is to realise a Material Cycle Society,
where waste minimisation activities are systemised and sufficiently enrooted
in the people, government and private sector’s conduct. WMMP was created
after a study done by the Japan International Cooperation Agency (JICA)
from 2004 to 2006. WMMP reaffirmed Malaysia’s dedication to minimising
the amount of solid waste disposed of by reintroducing the 3Rs that stand for
Reduce, Recover, and Recycle. The 3Rs programme was initially adopted
during the 8th Malaysia Plan in 2001. Subsequently, MHLG launched the
3Rs program in that same year and declared November 11th every year as
National Recycling Day.
The National Solid Waste Management Policy (NSWMP) was
established in 2006 to create a comprehensive, integrated, cost-effective,
sustainable and community-accepted solid waste management system that
emphasises environmental conservation, affordable technology and public
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health. The NSWMP also has provisions for 3Rs where the solid waste
management is based on a waste management hierarchy that prioritises
waste reduction through the 3Rs before intermediate treatment and final
disposal (KPKT 2016). According to Agamuthu and Victor (2011), the
NSWMP forms the basis for solid waste management in Malaysia in terms
of its objectives, key thrusts and strategic initiatives.
In addition to these three policies, Malaysia also enacted the Solid
Waste and Public Cleansing Management Act (Act 672) in 2007. The 10th
Malaysia Plan acknowledged that solid waste is one of Malaysia’s three
major environmental problems (EPU 2010). Following that, Act 672 was
amended, enhancing the institutional structure and coordination among
relevant ministries and agencies. By 2015, mandatory waste segregation
at the source was fully enforced under Act 672.
In terms of institutional governance, the local government is
responsible for providing public cleaning and waste disposal services.
However, Act 672 gives the federal government power to negotiate and
take over solid waste management from local governments, consistent
with NSPSWM’s strategy to develop the necessary legal and institutional
framework promptly. In order to manage and facilitate the transition, the
Solid Waste and Public Cleansing Department and the Solid Waste and
Public Cleansing Management Corporation were established to replace
local authorities and its respective concessionaires in managing solid waste
(Phun et al. 2017).
National Cleanliness Policy
The MHLG introduced the National Cleanliness Policy (NCP) in
2019. The NCP is an initiative to make Malaysia a clean country and
create a community that practises cleanliness to ensure the well-being and
sustainability of the people. The NCP is monitored and reports directly to
the NCLG at the federal level, the State Action Council at the state level,
and the District Action Council at the district or municipality level.
The NCP has four goals. Firstly, to raise awareness and to adopt the
practice of cleanliness in society. Secondly, it aims to increase the cleanliness
of the surroundings and the sustainability of the environment. Thirdly, to
166

A Review of the Sustainable Development Goals Policy Framework

promote waste-to-money programmes for a circular economy. Finally, to
enhance governance and regulation to increase performance, effectiveness
and integrity (KPKT 2019). Five corresponding policy clusters were also
emphasised to guide the implementation of NCP, namely 1) awareness
of cleanliness, 2) environmental sustainability, 3) circular economy, 4)
governance and enforcement, and 5) quality and skilled human capital.
National Community Policy
The MLHG established the National Community Policy (NCP) in
2018. This policy aims to empower the community in residential areas with
a sense of belonging and responsibility towards shared properties, facilities
and spaces, to create a caring, cooperative and respectful community that
is responsive towards community issues, cultivate strategic partnerships
among the community, public sector, private sector and NGOs in
community development, and produce more leaders and volunteers from the
community. The implementation of NCP focuses on eight clusters, namely
1) infrastructure and maintenance, 2) health, environment and cleanliness,
3) safety, 4) education and skills, 5) concern towards vulnerable groups, 6)
entrepreneurship, 7) social services, and 8) sports and recreation.
The NCP also provides a platform named the Community Consensus
Office (CCO) to facilitate and connect the community with the government
agencies, private sectors and NGOs. CCO acts as a mediator between the
MHLG and the community to channel issues and suggest programmes while
conveying feedback to the community.
Through this policy, the MHLG wants to build the spirit of
competitiveness and unity that will allow community members to live
in a conducive environment, to encourage communities to be active in
keeping their surroundings clean and safe that have high morals and civic
consciousness; that practice culture of mutual advancement for everyone’s
benefit (KPKT 2018).
Malaysian Urban Indicators Network (MURNInets)
MURNInets is a system that tracks the sustainability level of an urban
area by using a set of urban indicators operated by the Federal Department
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of Town and Country Planning Peninsular Malaysia (PLANMalaysia),
Ministry of Housing and Local Government Malaysia. After research on
MURNInets began in 1998, six municipalities were chosen as pilot projects
to implement MURNInets in 2002. The number of local governments
participated in MURNInets were added in stages (Shamsuddin and Abdul
Rashid 2013), and currently, all local government in Malaysia implement
MURNInets at their municipalities.
The objectives of MURNInets are three-pronged; to determine the
level of sustainability for each town in Malaysia, identify the strength and
weaknesses of a town, and suggest improvements to upgrade the level of
sustainability. MURNInets was also established to evaluate present urban
condition, effects of development and suggest the opportunity to upgrade
sustainability level. MURNInets measures a city’s sustainability based on
the eleven planning sectors divided into 56 indicators, later reduced to 40
indicators in 2010.
In 2017, the system was reviewed and enhanced and subsequently
renamed MURNInets 2.0. It was done in line with various urban
sustainability indicators' changes at the international level (PLANMalaysia
2020a) and to keep tabs with emerging issues of urbanisation and
sustainability. MURNInets 2.0 includes six dimensions, divided into 22
themes and 43 indicators. Data collection responsibility is shared between
the local governments and PLANMalaysia. Out of the 43 indicators, 27
indicators for data preparation involved actions by the MURNInets PBT
Operations Center (POM PBT), and 16 indicators are for actions by the
State MURNInets Operations Center (POMN), PLANMalaysia.
MURNInets can be used to assess the outcomes of implementing a
programme (Filzani Illia, Aisyah, and Dasimah 2019). Local governments
could use MURNINets as a tool to uncover areas of improvements in its
municipalities. SDGs programmes could be implemented, monitored and
assessed through MURNInets to assist the localisation of SDGs.
Town and Country Planning Act 1976 (Act 172)
The Town and Country Planning Act 1976 (Act 172) is legislation
for regulating land use planning in Malaysia. Act 172 was enacted to
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standardised planning machinery, including the preparations of development
plans. It also establishes the National Physical Planning Council (NPPC)
and ensures effective, efficient and coherent town and rural planning
system to achieve sustainable development. It provides spatial focus to
social, economic and sectoral policies and provides state and local planning
frameworks (Bello and Ainul Jaria 2018).
Planning matters are under the concurrent list, where both the federal
and state governments are responsible. PLANMalaysia is the agency
responsible for formulating and administering all national policies relating
to town and country planning at the federal level while local governments
function as local planning authority locally. PLANMalaysia has offices at
the state-level which serve as an advisory body to the state governments
in Peninsular Malaysia.
Other significant features of Act 172 are establishing a hierarchical
development plan system, developing a control system, and establishing
the State Planning Committee and Appeals Board. The act was amended in
1995 and 2001 to lay down environmental preservation rules for planning
purposes, such as conservation of hilly land and topographical features to
stress the importance of environmental sustainability. Another example
that features alignment with SDGs is public participation in development
provision, stated in Sections 9, 12A, 13 and 14 (Omar and Leh 2009).
Act 172 required plans formulated at various spatial and administrative
levels to ensure effective planning in development plans. The hierarchy
of the development plans is five-tiered, where the NPP operated at the
federal level, the Regional Plan at a region involving two or more states,
the Structure Plan at a state level, the Local Plan at the municipality level
and the Special Area Plan deals with an area within a district’s boundary
(Yaakup et al. 2005; Bello and Ainul Jaria 2018). The following sub-sections
would give a background on each tier of the development plans.
National Physical Plan
The National Physical Plan (NPP) is the anchor of Malaysia’s
development planning agenda. It outlines a written statement on the strategic
policies formulation to determine the country’s physical development’s
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general directions and trends. The NPP aims to 1) provide overall policies
for physical development planning, 2) strengthen the existing national
planning system to be more systematic, effective, and efficient, 3) coordinate
the country’s various planning agencies and authorities at the national, state
and local levels 4) be the basis for lower-tier physical development plans,
and 5) improve the national plan by adding a spatial dimension to national
economic policies (Kassim and Islam 2006; PLANMalaysia 2020b). The
NPP contains three thrusts, namely: dynamic urban and rural growth, spatial
sustainability and resilience to climate change and building inclusive and
liveable communities.
National Physical Plan 2 is the product of the review undertaken
on NPP. The review was done to ensure the national spatial planning
policies and strategies remain up-to-date and relevant to the fast-changing
economic, social, physical, and technological changes (Johar 2007). The
NPPC oversees the administration of NPP. There are two main differences
between NPP and NPP2. Firstly, the concept of Selective Concentration
in the NPP focuses more on urban development, especially conurbation.
Secondly, the Concentrated Decentralisation concept in the NPP2 advocates
a more balanced development focusing on selected locations in the growth
corridor, not only on conurbation.
A Regional Plan is a tool for managing conurbations’ growth and
development. It contains spatial development strategies for a balanced
dispersion of development and an integrated infrastructural framework.
Section 6A (Part IIA) of Act 172 requires establishing a Regional Planning
Committee (RPC) for a region in an area consisting of two or more states.
One of RPC’s primary functions is to prepare a Regional Plan, as stated
in Sub-Section 6A(5b), Act 172. There are two Regional Planning levels:
1) Regional Plan for the National Economic Corridor Region, and 2)
Regional Plan for Conurbation. National Economic Corridor Region’s role
is to enhance economic development opportunities for states experiencing
slow development growth and raise the rural population’s living standards
and quality of life. Meanwhile, the Regional Plan for Conurbation focuses
mainly on coordinating urban services and establishing uniform guidelines
and standards for an effective and efficient urban environment (TCPA 1976;
PLANMalaysia 2020c).
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The Structure Plan is a written statement on general policies and
proposals related to land development and use, covering social, economic,
physical and environmental aspects. It describes state-level policies and
strategic plans concerning the growth and land use in urban and rural areas,
including steps to enhance the physical environment, connectivity, traffic
management, well-being, socio-economy, economic growth and sustainable
development. Structure Plan is done in compliance with Part III, Sections
8 to 11, Act 172. The Structure Plan is prepared by PLANMalaysia’s State
Director and approved by the State Planning Committee under a state’s
authority. However, the NPPC is notified during the entire process of a
Structure Plan. (TCPA 1976).
A Local Plan contains a map and written statement that outlines the
Local Planning Authority’s proposals for development and land use activities
within the borders of the local government area. It explains and translates
government policies and plans for land development into a detailed physical
form locally. These plans also contain local government’s proposal on
environmental protection, natural topography conservation, open spaces
creation, building facade preservation and beautification, traffic systems'
improvement, landscaping, land-use zoning, development density, building
height, and plot ratio. Local Plan is drawn according to Sections 12 to 16A
of Part III of Act 172. It is prepared by the Local Planning Authority or
the State Director of PLANMalaysia and approved by the State Planning
Committee (TCPA 1976; Yaakup et al. 2005).
Special Area Plan is a more detailed proposal than Local Plan that
provides concrete recommendations for intervention in the local government
area deemed suitable for special treatment. Its preparation and enforcement
are similar to Local Plans. The Special Area Plan is prepared in compliance
with the provisions of Sections 16B I (ii) and (iii) of Act 172 (TCPA 1976).

DISCUSSION AND CONCLUSION
This paper has shown that sustainable development has been inserted into
numerous policy framework. The institutional framework has been set-up
within the government’s three tiers to plan, coordinate, implement, and
monitor its implementation. However, these policies co-existed, interlinked
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and sometimes overlapped with each other. Therefore, each policy should not
be read in isolation but must be understood as part of Malaysia’s ambition
to become a high-income nation sustainably. Local governments should
respond to the sustainable development issues by treating policies as a tool
and means of SDGs localisation at their municipalities. Table 1 summarises
the policies discussion mentioned above.
Table 1. Summary of Sustainable Development Goals related policies under
the purview of the Ministry of Housing and Local Government
and Local Governments
Policy / Legislation

Description

Related SDG

National Urbanisation Policy

A policy to guide and coordinate the country’s
urban planning and development to be more
efficient and systematic.

SDG8
SDG11
SDG13
SDG17

Malaysia Smart City Framework

A national framework that serves as a guide and
reference for stakeholders to sustainably plan
and develop smart cities.

SDG9
SDG11

National Housing Policy

NHP is a policy for planning, growing and
managing the country’s housing sector
sustainably. AHP is a sub-policy that outlined
requirements, criteria, prices and guidelines for
constructing affordable housing.

SDG11

A cluster of policies that provide an institutional
and regulatory framework to federalise and
privatise solid waste management to minimise
solid waste disposed by creating a sustainable
solid waste management system and promoting
a circular economy.

SDG11
SDG12

National Cleanliness Policy

A policy to promote and turn Malaysia into a
clean country and create a community that
practises cleanliness to ensure livability and
sustainability.

SDG11

National Community Policy

A policy that empowers the community with a
sense of responsibility towards public amenities
by creating a caring, cooperative and respectful
community responsive to issues, cultivating
partnerships among stakeholders that allow
community members to inhabit a livable
environment.

SDG11

Malaysian Urban Indicators
Network (MURNInets)

A system that tracks the sustainability level of an
urban area by using a set of urban indicators.

SDG11
SDG17

Affordable Housing Policy

National Strategic Plan for Solid
Waste Management
Waste Minimisation Master Plan
National Solid Waste
Management Policy
Solid Waste and Public
Cleansing Management Act
2007
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Town and Country Planning
Act 1976

Key legislation enacted to regulate and
standardise land use planning machinery
through coherent town and rural planning
system to achieve sustainable development.

SDG11

National Physical Plan

A cluster of hierarchical policies outlines the
strategic policies to determine the general
directions and trends of the nation’s physical
development. The subsequent spatial tiers are
as follow:

SDG8
SDG9
SDG11
SDG17

National Physical Plan 2
Regional Plan
Structure Plan
Local Plan

Region: A tool for managing conurbations’
development that contains spatial development
strategies for a balanced dispersion of growth
with an integrated infrastructural framework.

Special Area Plan
State: A state-level policy, strategic plans and
proposals concerning land development and
use in urban and rural areas covering social,
economic, physical and environmental aspects.
District: A map and written statement that
outlines the Local Planning Authority’s proposals
for development and land use activities within a
local government area’s borders.
Special Area: A detailed proposal that provides
concrete recommendations for intervention in an
area deemed suitable for special treatment.

(Source: Author)

This paper aims to serve as a base for future studies by acting as
a one-stop centre for easy-referencing Sustainable Development Goals
policies in Malaysia, especially for those new to the field, such as appointed
local government officials. The paper also summarised SDGs embroidered
policies under the ambit of MHLG with particular attention to those related
to local governments’ involvement. As public policy undergoes constant
changes and modification to ensure the policy is relevant for current
challenges, having a sound foundation on public policy can lead to better
judgement and decision making.
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