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ABSTRACT

Fibre	 reinforced	polymer	modified	mortar	 (PMM)	was	widely	 accepted	
for multipurpose application in construction industry. However the use of 
natural	fibre	in	cementitious	material	in	terms	of	durability	performance	was	
not encouraging. This paper aims to investigate the mechanical properties 
of	the	hybrid	fibre	namely	kenaf,	polypropylene	and	bar	chip	in	polymer	
modified	mortar	with	a	low	water-cement	ratio.	The	results	concluded	that	
the	hybridisation	of	0.4%	kenaf,	0.6%	polypropylene	and	0.6%	bar	chip	
(G	sample)	exhibited	the	significant	increment	of	compressive	and	flexural	
strength	for	both	curing	regimes.

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

Keywords:	polymer	modified	mortar,	hybrid	fibre,	and	mechanical	
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1.0 INTRODUCTION

 The current construction industry scenario is solemnly moving towards a 
green building approach by adopting various aspects of recycling, reuse, and 
energy conservation materials (Ragheb et al., 2016). Consequently, using 
natural fibre from oil palm, coir, pineapple leaf, kenaf, and wood which 
comes from the local resources is one of the potential ways to innovate 
local green building materials in the construction.

Natural Fibre in Cement-Based Composite

Most of the abundant sources of natural fibre were not fully utilised 
and causing pollution to the environment as it was left untreated and rot 
(Aji et al.,2011). Many studies reported that natural fibre reinforcement 
showed a significant improvement of strength performance over plain 
cement-based composite (Ismail, 2007; Kolop et al., 2008; Aji et al., 2011; 
Dawood, 2011; Elsaid, et al., 2011 and Priyadharshini & Ramakrishna, 
2016). However, natural fibre possesses high permeability to water and 
lack of crack resistance (Savastano et al., 2009 & Stevulova et al., 2014). 
It also requires protection from moisture since it is hydrophilic and also 
deteriorates over prolonged exposure. Therefore, to enhance the performance 
of natural fibre as a reinforcement in composite, polymer modification to the 
matrix was introduced. Furthermore, previous researchers have concluded 
that natural fibres should be adopted as part of the replacement in securing 
successful results as they possess low density with an excellent low strength 
to weight ratio, cheaper than manufactured fibres, and, importantly, are 
recyclable (Khalil et al., 2007). However, according to Jawaid & Abdul 
Khalil, (2011), there is limited information regarding the adoption of natural 
fibre as reinforcement in polymer-modified cement-based materials.

Many studies were conducted to incorporate synthetic fibre into a 
polymer-based composite to mitigate crack of the structure such as glass 
fibre, polyethylene fibre and carbon fibre (John, 2004; Mohammad, 2007; 
Jawaid & Abdul Khalil, 2011). However, most of the manufactured fibres 
cost viable for the industry. Therefore, there has been a definite interest in 
natural fibres for the last decade due to their advantages and potential as a 
green material. 



3

Mechanical Properties of Hybrid Fibres Reinforced    

Khalil et al. (2007) revealed that the hybridisation of natural fibre 
and synthetic fibre could obtain the best properties of both constituents. 
However, the investigation has been limited to polymer composites only, not 
in polymer modified cement-based composite.  The literature also revealed 
that there is a limited study conducted worldwide regarding the hybridisation 
of natural fibres and synthetic fibres. Therefore, this study intended to 
investigate the mechanical properties of hybrid fibre reinforced polymer 
modified mortar by using kenaf (Kf) as a natural fibre and polypropylene 
(PP) and bar chip (BC) as micro and macro synthetic fibre.   

Polymer Modified Mortar

According to Ohama (1995), polymer modified mortar (PMM) is a 
polymer composite made by partially replacing the cement hydrate binders 
of conventional cement with polymer additives, such as latexes, powdered 
emulsions, water-soluble polymers, liquid resins, and monomers. PMM 
provides several benefits, such as increase the tensile and adhesive bond 
strength, improved water retention, and reduced permeability.  However, 
according to Colville et al. (1999), the addition of polymer to cement matrix 
could reduce the compressive strength, depending on the polymer type and 
addition rate. The suitable addition rates of the polymer usually are less 
than 20% by weight of cement and are commonly between 10 and 15%. 

The objective of this study is to examine the mechanical properties of 
various types of hybrid fibre reinforced polymer modified mortar in different 
curing conditions. Styrene-butadiene rubber (SBR) is used as a polymer 
in this study due to its ability to provide consistency by the ball bearing 
effect of the polymer particles (Rixom & Mailvaganam, 1999) and can be 
successfully bonded to many materials (Huang et al., 2010).  

 2.0 LITERATURE REVIEW

A study conducted by Dawood (2011) on the development of fibres 
reinforced flowable high strength mortar and concrete as repair materials 
reported that the compressive strength increased with the inclusion of steel 
fibre in the polymer mortar. It was due to the enhancement in the mechanical 
bond between the mortar and the steel fibre. The study also revealed that the 
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incorporation of a low volume fraction of palm and bar chip fibre improved 
the compressive strength. 

Kim & Park (2013) conducted a study on the strength, permeability, 
and durability of hybrid fibre-reinforced concrete containing SBR latex. Two 
types of synthetic fibres namely polyvinyl alcohol (PVA) and polypropylene 
(PP) were used in this study with different percentage of SBR latex. The 
result revealed that the compressive strength decreased with an increase in 
the latex content. However, the tensile and flexural strengths of concrete 
were increased with the addition of latex.

A short period investigation on fibrous latex modified concrete overlays 
with a combination of macro and micro-synthetic fibres by Alhassan & Ashur 
(2011) revealed an outstanding achievement of mechanical strength. At four 
days testing the samples achieved 28 MPa and later at 14 days testing the 
mixtures achieved 41 MPa of compressive strength.

Fibres types also influenced the mechanical strength of composite 
(Fordos, 1988; Alhassan & Ashur, 2011;  Habib & Begum, 2013; Armagan 
& Canbaz, 2016 & Lerch et al., 2018).

The investigation of natural fibre reinforcement used a similar approach 
to that used for other types of fibre. Therefore, crack propagation, tensile 
strength, flexural strength, workability, and other mechanical and physical 
properties of the composite were investigated using a similar approach to 
that used for other non-natural fibres (Yao & Ge, 2012; Yousif et al., 2012; 
Kim & Park, 2013; Susilorini et al., 2014; Atiqah et al.,2014; Saba et al., 
2015; Zia & Paul, 2015; Fallah & Nematzadeh, 2017 & Lee et al., 2017).

Many researchers (Balaguru and Shah, 1992; Yao et al., 2003; Wang 
et al.,2006; Dawood and Ramli,2011; Hossain and Awal, 2011;  Jawaid & 
Abdul Khalil, 2011; Dawood, 2011; Ramli & Tabassi, 2012 & Subham & 
Singh, 2015) agreed that single fibre reinforcement alone does not 

overcome other performance aspects, such as flexural strength and 
tensile strength. By adopting the hybridisation system, one type of fibre 
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may overcome the limitations of the other fibre.  The larger fibres increase 
the ability to resist macro-cracks, while the smaller fibre is able to resolve 
the post-cracking mechanism. 

3.0 METHODOLOGY

Experimental Programme 

The experimental programme was formulated to investigate the 
mechanical properties of the natural and synthetic fibres hybridisation in a 
polymer-modified mortar.  

Materials and Methods

Materials and method used in this study are described in Table 1. The 
SBR latex DL470 copolymer adopted for this research was supplied by 
SUKA CHEMICAL (M) SDN BHD. Kenaf fibre V36 variant was obtained 
from MARDI Serdang in a long fibre form and cut into 25-30 mm length 
(Figure 1).  Elasto Plastic Concrete Inc. supplied the bar chip fibre type 54 
in straight form with a continuously embossed and rough surface (Figure 
2). This fibre characteristic produces a non-slip effect in the cement matrix. 
The fibrillated polypropylene fibres used in this study was supplied by 
Timuran Engineering Sdn Bhd. (Figure 3). This fibrillated fibre provides 
an excellent bonding characteristic in the matrix by increasing the surface 
area in contact with the matrix.

Table 1: Materials and methods used in the this study
Constituents of Materials and Method Description
Cement Ordinary Portland cement conforming 

to MS 522:1989 with a specific gravity 
of 3.15

Fine aggregates River sand with a maximum fineness 
modulus of 3.12

Water Tap water
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SBR latex Styrene-butadiene rubber in emulsion 
form with specific gravity of 1.01 
and containing 46% of solid polymer 
content

Water/cement ratio 0.20 
Percentage of SBR latex content (by 
weight of cement)

15%

Cement:Sand (C:S) mix proportion 1:2.25
Target flow diameter 150mm – 160mm  
Fibre type Kenaf, , polypropylene,  bar chip
Fibre length Chopped to average length of 25-

30mm to reduce entanglement.
Fibre volume (by cement volume) Fibre volume total of 1.6%.
Hybrid fibre proportion (by cement 
volume)

Combinations of fibre percentage are 
as Table 2

Curing •Water Curing: 7 and 28 days.
•Air Curing for 91, 182, and 365 days.
•NaCl 4% solution for 91, 180 and 365 
days

Target design compressive strength at 
28 days

About 30 N/mm2 (MPa)

Figure 1: Kenaf fibre Figure 2: Bar chip fibre Figure 3: Polypropylene 
fibre

Design Mix

The mix proportion was designed to achieve the desired mortar density 
of 2200 kg/m3 with a targeted strength of 30MPa at 28 days. The detail mix 
design is shown in Table 2.
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Table 2:  Summary of the mix proportion used in the study
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Vol. fraction of fibre 
(%)

Total vol. 
fraction 
of fibre 
(%)

Kf BC PP 

Control 677 0.2 1523 15 -

A 677 0.2 1523 15 0.4 1.2 1.6

B 677 0.2 1523 15 1 0.6 1.6

C 677 0.2 1523 15 1.6 1.6

D 677 0.2 1523 15 0.4 1.2 1.6

E 677 0.2 1523 15 1 0.6 1.6

F 677 0.2 1523 15 1.6 1.6

G 677 0.2 1523 15 0.4 0.6 0.6 1.6

H 677 0.2 1523 15 1 0.3 0.3 1.6

I 677 0.2 1523 15 1.6 1.6

The control specimen was prepared with non-fibrous polymer modified 
mortar. The hybridisation of fibres was between Kf and BC (specimen A 
& B), Kf and PP (specimen D & E), and Kf, PP and BC (specimen G & H) 
with different fibre proportions. The mechanical properties of a single fibre 
configuration (Specimen C, F & I) was also investigated to examine any 
significant enhancements of the natural and synthetic fibres. The distribution 
of fibres was set to total 1.6% of fibres content to cement volume. A low 
volume fraction of 0.3% – 0.6% was used as the lowest percentage in 
the combination of the composite system to reduce the particle-matrix 
debonding between the macro and micro fibre as adopted in Dawood (2011).

Details of Test 

This paper highlighted only three mechanical properties testing 
namely density, compressive strength and flexural strength test under two 
curing regimes. Air curing was adopted due to the favourable dry curing 
condition of polymer modified mortar which is required to enhance the 
polymerization film stage. While SBR latex was proven to enhance the 
durability of cementitious materials in marine environments, saltwater was 
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prepared to observe if agricultural fibres in PMM encourage the chloride 
ion penetration, thus reduce the durability of the composite.

DENSITY TEST

The density of the hardened mortar prism was determined using the BS 1881: 
Part 114: 1983 water displacement method. Two batches of specimens were 
cured into different curing regime of air curing and 4% of NaCl solution 
after 28 days of water curing. The density of specimens were recorded at 
1, 7, 28, 91, 182 and 365 days. 

Compressive Test

All specimens underwent standard testing according to BS EN 
12390-3:2009. The cube was prepared according to BS EN 12390-2:2009 
with fibre inclusion at 30mm length in 100 x 100mm mould. Two different 
batches were prepared and cured into normal water curing for 28 days and 
subsequently removed from water curing and placed under normal ambient 
temperature for curing.  Meanwhile, the following batches were immersed 
in sodium chloride with 4% concentration after 28 days. The testing period 
was programmed at 7, 28, 91, 182 and 365 days. 

Flexural Test

Flexural strength of the specimens was conducted by using the method 
of determination of flexural strength according to BS EN 12390-5:2009. 
The test was performed on 100mm x 100mm x 500mm prisms at the ages 
of 7, 28, 91, 180, and 365 days.

4.0 RESULTS AND DISCUSSIONS

Density

The density of the fibrous samples of Polymer Modified Mortar 
(PMM) was compared with the control samples to observe any significant 
enhancement due to the fibres incorporation. Table 3 and 4 shows the density 
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result obtained for the fibre reinforced PMM in water curing followed by 
air curing and water curing followed by sodium solution curing.

Table 3: Density of fibre reinforced polymer modified mortar in water curing 
followed by air curing

Specimen Fibre Percentage Curing Age (days)

1d 7d 28d 91d 182d 365d

Control 0 1930.2 1935.5 1958.3 2105.6 2106.5 2117.7

A 0.4Kf + 1.2BC 2119.2 2124.6 2145.0 2063.8 2093.7 2002.3

B 1.0Kf + 0.6BC 2080.2 2088.1 2100.0 2031.9 2032.2 2114.2

C 1.6Kf 2210.3 2213.3 1974.4 2165.4 2164.8 2178.3

D 0.4Kf + 1.2PP 1967.2 1970.2 2225.6 1942.0 2195.9 1951.1

E 1.0Kf + 0.6PP 2200.1 2201.0 2204.9 2096.1 2112.4 2116.8

F 1.6PP 2185.2 2198.0 2203.3 2076.9 2058.7 2090.9

G 0.4Kf + 0.6BC + 0.6PP 2200.0 2202.0 2210.0 2147.6 2129.4 2149.8

H 1.0Kf + 0.3BC + 0.3 PP 1987.0 1581.2 2115.6 2164.1 2166.3 2111.9

I 1.6BC 2100.9 2105.9 2104.2 2103.2 2104.5 2105.5

Table 4: Density of fibre reinforced polymer modified mortar in water curing 
(1 until 28 days) followed by sodium curing (kg/m3)

Specimen Fibre Percentage Curing Age (days)

1d 7d 28d 91d 182d 365d

Control 0 1930.2 1935.5 1958.3 2099.4 2094.2 2135.3

A 0.4Kf + 1.2BC 2120.3 2124.6 2144.9 2115.8 2151.2 2053.9

B 1.0Kf + 0.6BC 2085.2 2088.2 2099.9 2042.2 2064.6 2089.7

C 1.6Kf 2210.0 2213.3 1974.4 2198.7 2197.0 2123.3

D 0.4Kf + 1.2PP 1999.6 1970.2 2225.6 2228.4 2221.3 2058.2

E 1.0Kf + 0.6PP 2200.2 2200.9 2204.9 2139.9 2130.7 2144.2

F 1.6PP 2187.3 2197.9 2203.3 2113.7 2115.9 2096.3

G 0.4Kf + 0.6BC + 0.6PP 2195.6 2201.9 2209.9 2149.4 2177.6 2157.2

H 1.0Kf + 0.3BC + 0.3 PP 1867.0 1581.2 2115.6 2183.4 2192.3 2123.8

I 1.6BC 2101.4 2105.9 2104.2 2106.8 2111.2 2109.2

From the result, it shows that PMM as in control specimen and fibrous 
specimen show an increment of density during water curing until 28 days. At 
air curing regime, the control specimen showed a steady increase throughout 
the final curing while the fibrous sample indicated a slight decrease of the 
density at the final curing age. A similar trend was also observed in the 
sodium solution where control specimen and specimen B, H and I showed 
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an increase in density while other specimens exhibited fluctuation of density 
value but with a lower density value at final curing age.

This finding indicated that incorporating polymer latex and fibre 
resulted in the inconsistency of density although the mixture was prepared 
according to the mix design. During the water curing, the specimens 
underwent cement hydration where the particles of aggregates and cement 
bonded and packed closer to each other. This resulted in a steady increment 
of density to most of the specimens. 

While in air curing regime, the specimen was removed from the 
water and exposed to the air. From the observation, most of the specimens 
showed a slight increase in density which explains that the polymerisation 
process occurred interpenetrating with the aggregate and cement. During 
this process, the polymer acting as a filler, filling the gaps and voids which 
leads to fewer voids, thus increasing the density slightly.

In sodium solution curing, the polymerisation of the SBR polymer 
continues, resulted in the increased porosity of the surface and air 
entrapment, thus reducing the density (Ali, Jawad, & Majeed 2012; Wang, 
Lackner, & Wang 2011; and Wang, Wang, & Li 2005). 

Findings also showed that at final curing ages, the density of all 
specimens are lower than the targeted density of 2200kg/m3 for both curing 
regimes.

Compressive Strength

The compressive strength of all specimens were recorded at 7, 28, 91, 
182, and 365 days. The specimens were exposed to water curing at 7 and 
28 days followed by air curing and sodium curing.
 

The compressive strength results obtained from the experiment when 
the specimens were immersed into water curing followed by air curing are 
shown in Table 5 and Figure 4.Table 6 and Figure 5 show the result

obtained by all specimens when immersed in water curing followed 
by sodium chloride solution curing.
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Table 5: The result of the compressive strength for all specimens in water 
curing followed by air curing.

Specimen Fibre Percentage Water Curing  (MPa) Air Curing
 (MPa)

7d 28d 91d 182d 365d

Control 0 24.20 27.19 34.23 40.77 40.26

A 0.4Kf + 1.2BC 29.71 30.21 34.70 40.29 40.24

B 1.0Kf + 0.6BC 29.81 30.30 32.69 33.65 45.38

C 1.6Kf 34.79 35.37 38.47 45.62 46.40

D 0.4Kf + 1.2PP 23.30 33.25 34.31 46.17 46.83

E 1.0Kf + 0.6PP 39.21 42.42 39.71 39.67 42.78

F 1.6PP 39.19 41.42 35.37 37.24 47.52

G 0.4Kf + 0.6BC + 0.6PP 40.46 44.56 46.81 47.05 61.99

H 1.0Kf + 0.3BC + 0.3 PP 32.50 33.54 43.24 44.66 49.97

I 1.6BC 26.70 27.39 33.23 35.35 35.45

The G specimen (0.4Kf + 0.6BC + 0.6PP) exhibited the highest final 
compressive strength (at 365 days) of 61.99MPa in air curing (Table 5 and 
Figure 4).

Figure 4: The compressive strength of all specimen in water curing 
followed by air curing.

Similar results were observed in sodium solution curing in which the 
G specimen gained the highest compressive strength at 365 days (Table 6). 
However, the strength value was lower than observed in air curing (Figure 5).
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Table 6: The result of the compressive strength for all specimens in water 
curing followed by sodium chloride solution curing (4% NaCl solution)

Specimen Fibre Percentage Water (MPa) Sodium 4% (MPa)

7d 28d 91d 182d 365d

Control 0 24.20 27.19 28.09 30.7 33.43

A 0.4Kf + 1.2BC 29.71 30.21 32.91 35.33 36.90

B 1.0Kf + 0.6BC 29.81 30.30 23.63 29.9 36.11

C 1.6Kf 34.79 35.37 34.37 31.46 35.84

D 0.4Kf + 1.2PP 23.30 33.25 38.67 38.44 39.45

E 1.0Kf + 0.6PP 39.21 42.42 30.27 31.01 39.33

F 1.6PP 39.19 41.42 31.13 29.57 42.36

G 0.4Kf + 0.6BC + 0.6PP 40.46 44.56 33.92 38.9 45.74

H 1.0Kf + 0.3BC + 0.3 PP 32.50 33.54 31.73 35.95 40.84

I 1.6BC 26.70 27.39 31.21 32.38 33.57

Figure 5: The compressive strength of all specimen in water curing 
followed by sodium chloride curing.

This result showed that the hybridisation of natural and synthetic fibre 
in polymer modified mortar using SBR latex could enhance the strength of 
the composite for both air and sodium solution curing. The control specimen 
obtained the lowest compressive strength at the final curing age in sodium 
curing, but slightly higher in air curing. This is because the favourable 
curing condition for the polymer-modified mortar is under dry conditions 
as stated by Ohama, (1995). Under the wet condition, at the early ages, 
the polymer modified mortar will obtain the reasonable extent of cement 
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hydration. After that, the polymer film formation is developed due to the 
coalescence of polymer particles in latexes under the dry condition, thus 
achieved the optimum strength (Ohama, 1995).

Flexural Strength.

The flexural strength results revealed that G specimen exhibited the 
highest flexural strength with 8.77 MPa at 28 days whereas the control 
specimen obtained the lowest flexural strength at the same age. The summary 
of the result was demonstrated in Table 7. 

For the hybrid fibre configuration, the highest flexural strength was 
observed in D specimen with the value of 9.98 MPa., followed by the G 
specimen. Other hybrid samples also showed an increment of strength 
towards the final curing age.

Table 7: Flexural strength of fibre reinforced polymer modified mortar in 
water curing followed by air curing and in sodium solution curing (MPa)

Series
 

Fibre Percentage (%) Curing Ages (days)

7d 28d 91d 182d 365d

Water Curing Air 
Curing

Sodium 
4%

Air 
Curing

Sodium 
4%

Air 
Curing

Sodium 
4%

Control 0 4.91 4.92 4.13 6.47 5.55 6.25 7.71 6.39

A 0.4Kf + 1.2BC 8.34 8.26 6.21 7.24 7.60 6.75 8.86 6.73

B 1.0Kf + 0.6BC 6.58 5.86 4.30 4.1 7.64 5.42 8.59 7.06

C 1.6Kf 7.91 5.67 5.06 6.64 7.70 7.29 8.36 6.78

D 0.4Kf + 1.2PP 6.37 7.46 6.48 7.67 8.15 8.46 9.98 7.56

E 1.0Kf + 0.6PP 7.47 8.14 7.16 7.25 8.69 6.69 9.43 6.59

F 1.6PP 5.64 5.95 6.43 6.60 7.72 6.18 9.48 6.99

G 0.4Kf + 0.6BC + 0.6PP 7.87 8.77 7.11 8.27 8.37 8.22 9.84 8.73

H 1.0Kf + 0.3BC + 0.3 PP 6.61 6.89 6.69 6.80 8.77 8.01 9.58 7.63

I 1.6BC 6.08 5.51 6.41 6.51 7.12 6.75 8.01 7.02

In air curing, the control specimen showed an increment of flexural 
strength from 4.13 MPa to 7.71 MPa. However, this specimen still exhibited 
the lowest strength value compared to the fibrous specimen. The strength 
dropped slightly after the water curing (Figure 6).
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Figure 6: The flexural strength of all specimen in water curing followed by 
air curing.

Meanwhile, in sodium chloride solution curing, the control specimen 
was noted to gain strength at the final curing age (Figure 7).

Figure 6: The flexural strength of all specimen in water curing followed by 
air curing.

Meanwhile, in sodium chloride solution curing, the control specimen 
was noted to gain strength at the final curing age (Figure 7).
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Figure 7: The flexural strength of all specimens in water curing followed by 
sodium chloride curing.

In sodium curing, the control specimen had slightly increased in 
strength with the value of 6.39 MPa at the final curing age. The G specimen 
recorded the highest flexural strength of 8.73 MPa. This result confirmed 
that the adoption of hybrid fibres could enhance the flexural strength in 
both curing regimes. From the result, it can be concluded that kenaf and 
polypropylene fibre demonstrated an excellent hybrid fibre combination. 
The higher surface area of the fibrillated polypropylene fibres developed 
higher contact surface of the fibres and produced an adequate bond with 
the polymer modified mortar, thus enhancing the flexural strength of the 
specimen.

5.0 CONCLUSION

After reviewing all the results obtained through this research it can be 
concluded that using hybrid fibre in polymer-modified mortar Mix G 
which consists of 0.4% kenaf + 0.6%PP + 0.6%BC had shown the highest 
enhancement of compressive (both air and sodium curing) and flexural 
strength (in sodium curing). 

The highest density was observed in G specimen where the density 
value at the final curing age recorded at 2149.8 kg/m3 and 2157.2 kg/m3 
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in the air and sodium curing, respectively. However, the values are below 
the targeted density at 2200 kg/m3.

This study also concluded that the inclusion of fibre in polymer 
modified mortar could enhance the mechanical properties of the composite 
compared to the control specimen. Kenaf also plays a significant role in 
improving the mechanical strength when combined with the synthetic fibre 
compared to single fibre configuration for this experimental research. This 
show that natural fibre had a promising value as reinforcement when the 
correct amount and fibre combination were applied. 

Under aggressive exposure, the result showed a slight declining of 
strength value when compared to air curing exposure. However, in general, 
all specimens gained strength throughout the curing period. This

indicated that cement hydration and polymerisation with the 
incorporation of fibres has successfully integrated and interpenetrated to 
each other.
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ABSTRACT
The	sustainability	of	heritage	town	has	been	a	huge	controversial	issue.	
Many	local	authorities	struggle	to	sustain	heritage	buildings	due	to	lack	of	
community participation although they have adequate funding. As a result, 
many	guidelines	or	even	restrictions	to	sustain	those	building	meets	a	dead	
end.	Most	heritage	building	owners	also	face	issues	in	maintaining	their	
buildings	due	to	the	building	age	and	change	of	use.	Other	challenges	are	
cost, value and also interest. Community participation in the process of 
sustaining heritage towns is equally important with the vital needs of the 
local authority to maintained them. Both work together as a complete system 
that compliments each other. The Hentian Komuniti is a unique community 
participation concept which is a translation of a concept called Machinoeki 
from	Japan	that	reflects	hospitality	and	volunteerism.	The	core	principal	
of Hentian Komuniti concept is to encourage the community to share the 
space	at	their	building	premises	where	visitors	can	rest,	get	information	
about	the	town,	and	also	use	the	toilet	service	for	free.	This	is	an	interesting	
concept as the community works voluntarily to help the local government 
to revitalize the town, nurture the idea of hospitality, which means cultivate 
and	educate	good	services.	This	paper	explains	the	implementation	of	this	
concept	in	the	town	of	Taiping	and	the	chain	benefit	outcome	from	the	surveys	
undertaken	towards	heritage	building	owners	and	local	community	in	the	
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effort	to	sustain	the	heritage	town.	
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1 INTRODUCTION

Heritage buildings are generally difficult to sustain due to the old age and 
the change of building use. Heritage buildings sustainability also relies on 
the ability of the owner to maintain it which means it involves cost that 
affects the market value. On top of it all, the main factor contributing to 
heritage buildings sustainability is the knowledge and willingness of the 
building owner to sustain the building. There were many initiatives taken 
by the government to sustain heritage buildings as a part of a national move 
to take care of the national heritage. But, often the effort came short due to 
the lack of participation from the community. In most cases, efforts put by 
the local authority only last until the funding ends. Other than that, heritage 
buildings sustainability needs constant funding to ensure the condition of 
the building is maintained and functional. Community participation to 
sustain heritage building is crucial. Thus, any effort to promote community 
participation to sustain heritage buildings is vital. Machinoeki or also well 
known as Hentian Komuniti in Malaysia is a Japanese concept initially in 
the spirit to revive Japanese cities and to solve the issue of urban sprawl 
in Japan. The word Machinoeki derived from the word “Machi” which 
means town or settlement while “Eki” means a station that provides a pit 
stop for a person when walking similar to the idea of “Rest” and “Relax” 
along the highway for the highway users. In many cities around the globe, 
community participation in the town volunteering program received 
mix responses. In a study conducted by Jepson et.al (2012) found that 
participation of respondents among the local community can be enhanced 
through opportunity to give suggestions and the level of contributions that 
the community is able to make in a program. Therefore, in other words 
it is anticipated that cities will be able to have a stronger character and 
deeper sense of place with more participation from the local community 
including the building owners who also play an important role in the 
development of a town. In another study conducted by Wang et.al (2010) 
found that the level of awareness among the community can influence the 
effectiveness and outcome of a program. This shows that more education and 
motivation about community participation will raise the level of awareness 
towards community participation itself. The introduction of this concept 
in Malaysia, is not just because of town revival effort but also to help the 
local government to conserve heritage buildings, to motivate more people 
to walk and appreciate those buildings, use Hentian Komuniti as a pit stop 
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for rest and to increase the level of community participation in the town 
program. This paper explains about the three months’ pilot study conducted 
in Taiping, Perak Darul Ridzuan in 2017 and the objective is to understand 
the implementation of this concept in terms of heritage town sustainability. 

2 DEFINING THE CONCEPT

The introduction of this concept in Malaysia is unique as there are elements 
of cultural differences from Japan. The objective of this study is to introduce 
this concept to the community of Taiping and to understand the effects 
towards heritage building sustainability. The town of Taiping was selected 
as the case study due to its history of having the most number of “first” 
buildings in Malaysia developed during the British administration where 
modern colonial buildings were constructed as early as 1885. Inspired by 
the wonderful concept of hospitality and the positive outcome from the 
Machinoeki movement in Japan, it is hoped that this project is able to 
encourage a town like Taiping to revitalize the idea of volunteerism and 
hospitality in an attempt to instill a sense of place and rebuilding the town 
at the same time. One of the main challenges faced by the researcher is the 
lack of previous studies related to the Machinoeki concept itself as this is the 
first time such concept was implemented other than Japan. However, such 
concept related to community participation, hospitality and volunteerism 
holds an important part in the conservation and tourism development. The 
motivation, opportunity and ability model or also known as MOA model 
was used to examine three levels of community participation. According 
to the recent research related to community participation using the MOA 
model conducted by Rasoolimanesh et. al (2017) and (2015) found that 
motivation has a positive effect on low level of community participation 
where the respondents in their study were only interested in minimally 
participating in defined tourism related activities. In addition, a research 
supports Wang et.al (2010) study that when given the opportunity to 
participate and having a voice in the process, more residents will be more 
interested in the decision making process. The idea of Machinoeki clearly 
is not a medium for local government to wash their hands but to assist 
in the process of creating a better outcome from any program created by 
them. This is important because when the community realize that the town 
sustainability is also part of their responsibility, more great achievements 
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can be achieved in creating a better future. 

Taiping is a town located at the north part of Perak state in Malaysia 
with a heritage and historical background that need to be sustained for future 
generations. Historically, Taiping is the earliest modern town planned in 
Tanah Melayu with many colonial building houses and offices, shop houses 
and the famous Lake Garden which reflect the mix culture and settlements 
that occurred in Taiping since the beginning. Taiping retains the gridiron 
street pattern type of the town layout but originally it was not considered 
planned for motorize vehicles as the main users for the road. Hence people 
either walk or cycle around the town. Most people drive their own private 
vehicle from their house which is located outside the town. As a result 
of urban sprawl and poor public transportation services, most people do 
not walk in the town. This pilot study started in September, 2017 with an 
inventory study on numerous elements that describe the concept. This 
research project focuses on buildings listed in the Taiping Heritage Trail. 
After a careful inventory study of the heritage trail buildings, 5 buildings 
were selected based on its current condition and its ability to provide services 
as Hentian Komuniti. Those buildings are Museum Perak, Public Library 
Taiping, Gallery Taiping and two private owned buildings that are Devalaya 
Temple and Hokkien Association building. In order to implement Hentian 
Komuniti in the heritage building it must include certain elements such as 
an information check point for visitors, building owner need to provide free 
toilet services and to provide good service. From 40 heritage buildings, 5 
buildings were selected based on their willingness to participate and the 
suitability to be part of this pilot project. Subsequently after the inventory 
study, a focus group discussion (FGD) was conducted to allow the owner 
of the building to know more about the function as a Hentian Komuniti 
owner and to learn about the effects of this concept. The objective of the 
FGD is to get feedback from the building owners on the implementation 
of Hentian Komuniti at their building. Some of the questions asked to 
the building owners are the current function of the building, the type of 
customers, ability of the building owners to attend to visitors’ queries and 
using the free toilet services and keenness of the building owners to join this 
program. To strengthen the implementation of this concept, the Mayor of 
Taiping Municipal Council (MPT) also plays a significant role to support the 
project. One of his main roles is to acknowledge these buildings as Hentian 
Komuniti of Taiping and to include them in the heritage map. The basic 
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concept of Hentian Komuniti is that these 5 buildings in Taiping need to 
provide free toilet services while helping to maintain the toilet voluntarily, 
to provide a rest place like a sitting area and to provide information about 
Taiping which also include the town history. This concept will not only 
benefit the tourists but also the local people. 

As reported in the Taiping Special Area Plan 2020, Taiping is 
largely dominated by two to three level shop houses with various styles of 
architecture which are unique and distinct in their own way. These features 
enabled the buildings to be easily distinguished from the new shop houses 
even though they were standing right next to each other. The sheltered 
passageway, commonly known as the five-foot-way also gives the shop 
houses their unique character and therefore assisting in creating a clear 
sense of place. Collectively, they form a strong and cohesive streetscape. 
Furthermore, one can also witness remnants of the town’s wonderful era such 
as the Magistrate Court, Post and Telegraph office, Railway Station, Taiping 
New Club, Perak Museum, and Larut Matang District Office which were 
built more than 100 years ago along the heritage trail. The majority of these 
buildings have remained relatively intact and re-used with most of them 
still retaining the major structure of the colonial architecture. This is crucial 
as a place is deemed to be of historically importance to local communities 
if it maintains the continual pattern of human use (New South Wales 
Heritage Office, 2011). Another Hentian Komuniti project expectations is 
to increase the motivation level of the local community to walk in the town. 
However, safety concern becomes the main topic of concern when it comes 
to motivation to walk. In Malaysia, road accident is a major concern where 
a total of 66,296 fatalities since 2005 to 2014 has been recorded (PDRM, 
2014). An accident involving pedestrians may easily result in fatal injury due 
to their vulnerability. Safety while walking is one of the important factors 
that any pedestrian will consider. An increasing number of pedestrians being 
involved in road accidents is cause for concern regarding the risk of walking, 
especially for parents. Consequently, this situation could impede the struggle 
towards promoting the walking culture in Malaysia. In the past, many studies 
have investigated on the behavior of pedestrians in Malaysia particularly in 
urban area. Different types of people will have different types of walking 
behavior. There are many possible factors in measuring walking behavior. 
According to Daamen and Hoogendoorn (2003), walking behavior can be 
measured by walking speed, walking direction, walking experiences, group 
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formation and density. Every pedestrian group has different expectation 
towards the pedestrian facilities. Poor maintenance of pedestrian facilities 
is related to the inappropriate condition of walkways and street furniture. 
Physical quality of linkages is important to allow people to walk or transfer 
comfortably within the city center.

3 FINDINGS

The findings written in this paper discussed specifically on the outcome 
of two different respondent groups. The data collection are conducted 
separately. The two groups are the building owners who is the main player 
in making Hentian Komuniti successful in Taiping while the Taiping town 
local community is the second respondent group in this study. Moreover, the 
reason to carry the survey among local community in the respondents group 
is to study the walkability in Taiping town and also the potential of such 
concept being implemented in the town. The responses from the 5 building 
owners and 16 respondents among the local community were carefully 
recorded and explained in this paper. The 5 building owners were selected 
based on the initial inventory study in September, 2017 and the 16 local 
community respondents were selected based on the different background, 
gender, age and education level in order to get different responses regarding 
walking experience, perceptions, awareness of heritage buildings in the 
project. The local community responses are recorded from a walking 
program called “Walk with  me” conducted in March, 2018, 3 months 
after the program started in Taiping while the focus group discussion was 
conducted in December, 2017. All respondents comments were carefully 
recorderd and were clarified in the discussion. However, this study also finds 
limitation in getting more local community respondents as it is dangerous 
to walk in a large group during the walking program. Besides, the heritage 
building owners participation in the FGD are also  on a voluntary basis. 
Therefore, the number of building owners involved in the FGD is also 
limited during this study. The researcher has found some interesting findings 
about the outcome of this pilot project and to learn about the effects of this 
concept implementation.
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3.1  OUTCOME FROM LOCAL COMMUNITY 
WALKING PROGRAM 

Table 1 indicates background of the local community respondents who 
were involved in the “Walk with me” program as one of the methods 
to introduce  Hentian Komuniti and also to get their response about the 
concept. The program was conducted in March, 2018. Immediately after 
the walking program, the respondents were asked about their experiences 
about Hentian Komuniti.

Table 1: Background of respondents among the local community
Item Percentage (%) Item Percentage (%)

Gender Locality
Male 18.8 Resident of 

Taiping
93.8

Female 81.3 Non-Resident of 
Taiping

6.3

Categories of occupation Health Condition
Public Sector 12.5 Good 100
Private Sector 6.3 Transportation Mode
Self Employed 18.8 Motorcycle/

Bicycle
18.8

Student 43.8 Car 81.3
Housewife 6.3 Factors of Refusal to walk
Retired 12.5 Weather 

Condition
25

Education Level Lacking facilities 12.5
Primary School 12.5 Cost and time 

management
43.8

Secondary School 37.5 Criminal issues 12.5
University 37.5 Condition of 

pedestrian 
walkway

6.3
Others 12.5

The method of data collection from local community was conducted 
using two different surveys, that is before and after they learn and visit 
the Hentian Komuniti. Firstly, we try to understand their knowledge about 
Hentian Komuniti and their experience about walking. Respondents answer 
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a questionnaire survey form before they start walking. From the initial 
survey, we found that nearly half of the respondents felt discouraged to 
walk in the town (either as daily transport mode or leisure) due to the factor 
of cost inefficiency and time constraint. Consequently, 81% of respondents 
were using car as a mode of transportation in Taiping on a daily basis. 
Almost one third of respondents have encountered difficulties while walking 
around the town center due to the exceeding provision of junctions within 
Taiping (refer to Table 2). Yet, most respondents were willing to walk for 
more than 500 meters and indicated that sports interest encourage walking 
activity. However, more than half of the respondents informed that it is very 
difficult to find a toilet in Taiping town and most of them use their own toilet 
at home. In addition, they also criticise the poor quality of available toilet 
services. Therefore, respondents are reluctant to use public toilets available 
in the town. As all respondents understand very well about Taiping, the 
elements of information centre is not a positive experience for them which 
is explained in Table 2. 

Table 2: Respondents experiences before Hentian Komuniti
Item Yes No
Difficulties encountered during walking 31.3 68.8
Difficulties finding toilet 68.8 31.3
Difficulties finding Information Center 31.3 68.8

Table 3 demonstrated respondents perception about Hentian Komuniti 
concept after they experienced the “Walk with Me” program. The respondents 
were guided by the researcher and walked from one Hentian Komuniti to the 
other Hentian Komuniti. This is to get their feedback on walking ability and 
distance, experience, comments about safety and infrastruture. This is also 
a way to introduce to the local community about Hentian Komuniti. The 
respondents were asked about their walking experience and their feedback 
regarding facitlities provided in Hentian Komuniti. After the walking 
program, it is found that almost half of the respondents actually enjoyed 
walking and agreed that walking is not a tiring activity. Nevertheless, 
they agreed that walking can enrich their knowledge about the heritage 
building in Taiping town after they joined the “Walk with Me” program. 
The respondents highlighted their interests to learn and explore the historical 
parts of Taiping town although they passed by the same building everyday 
using car. This is an interesting outcome from the findings.  However, two 
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third of the respondents revealed the displeasure felt when walking as they 
felt threatened by crime and accidents while walking. Consequently, the 
respondents suggest that a pedestrian walkway be provided to reduce the 
danger to the pedestrians.

Table 3: Perception towards walking and facilities after knowing about 
Hentian Komuniti and its facilities

Extremely 
Agreed

Highly 
Agreed

Agreed Disagreed Highly 
Disagreed

Walking Experience

Walking as a tiring activity 6.3 6.3 18.8 25 43.8

Enrich knowledge 62.5 18.8 18.8 0 0

Enhance interests in 
exploring historical area

68.8 12.5 12.5 6.3 0

Safe from criminal threats 0 0 25 56.3 18.8

Safe from accident 0 37.5 25 37.5 0

Facilities Provided

Sufficiency of  facilities 
provided

0 12.5 50 37.5 0

Facilities attract residents to 
walk

62.5 12.5 25 0 0

Foster appreciation on 
historical part

68.8 25 6.3 0 0

Hentian Komuniti Enhances 
Tourist Attraction

87.5 12.5 0 0 0

The perception of respondents on the facilities provided in Taiping 
were evaluated. A majority agreed that toilet is the most important facility 
as it is the most frequently used by visitors especially when using public 
transportation. However, two third of the respondents claimed that the 
toilet provided was insufficient and inaccessible. At the moment, 5 Hentian 
Komuniti provide free toilet services. The last section of the survey 
evaluating the respondents’ awareness and perceptions towards Hentian 
Komuniti as explained in Table 4.
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Table 4: Awareness and Perception towards Hentian Komuniti
Percentage (%) Percentage (%)

Familiarity about Hentian Komuniti Transportation Mode to Hentian Komuniti

Yes 62.5 Not Related 31.3

No 37.5 Walking 31.3

Source of Information Cycling 6.3

Not familiar 31.3 Car 31.3

Newspaper/article 6.3 Facilities Used in Hentian Komuniti

Advertisement 12.5 Toilet 50

Family/Friends 50 Information Centre 18.8

Tourist Information 
Counter

12.5

Based on the findings, a majority of the respondents knew about Hentian 
Komuniti through media and word of mouth. However, approximately 38% 
of respondents was not familiar with Hentian Komuniti before joining the 
walking program. Majority agreed that the Hentian Komuniti promotes 
walking activity thus fostering the appreciation towards the historical 
buildings in Taiping. Most of the respondents highly agreed that the Hentian 
Komuniti enhances the tourist attraction in Taiping for future heritage 
sustainability. The respondents also suggest to provide more Hentian 
Komuniti in Taiping thus cultivating a healthy lifestyle through walking. In 
the findings, this paper strongly believed that there are chain benefits from 
the idea of Hentian Komuniti implemented in Taiping. Although, the idea is 
basically new, the ability of the respondents to learn more about the heritage 
building while walking is a good sign that members of the community are 
willing to walk more in Taiping town. With safer walking facilities like 
pedestrian pathway, proper crossing lane and Hentian Komuniti services 
like free toilet available can assist more people to walk and appreciate the 
town heritage in the future. 

3.2  OUTCOME FROM BUILDING OWNERS FOCUS 
GROUP DISCUSSION

A Focus Group Discussion (FGD) among building owners were arranged 
in December, 2017. The idea to setup the FGD session was to inform and 
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educate the building owners about the concept. Among the concerns shared 
by the building owners were about the water and electricity bill that they 
have to bear during the program as the result of giving free toilet service. 
Another concern was to know who should entertain the guest when they 
approach their premises. Thirdly was a question related to the profit that 
they get from the program. However, there are mix responses from the 
government owned buildings like the Public Library, the Perak Museum 
and also the Taiping Gallery as they are less concerned about the financial 
status. The motivation of all 5 building owners who participated in the 
program are sensible and with more training and education, building owners 
will be able to see the positive outcome from the program. There are mix 
response among the private building owners who were very skeptical about 
the program outcome. One of the prompt action to support and motivate 
them was to acknowledge their participation in this program by the local 
authority (as shown in Figure 1). 

Figure 1 Building owners were acknowledged by the local government 
during an appreciation ceremony

While, Figure 2 shows the official logo of Hentian Komuniti which 
is displayed at all 5 pilot Hentian Komuniti in Taiping. Also shown in the 
figure is the map of Hentian Komuniti in the “40 First” Taiping. 
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Figure 2 Hentian Komuniti official trademark logo is displayed at all Hentian 
Komuniti. The figure above also shows the location of the 5 Hentian 

Komuniti which is also in the list of “40 First” in Taiping and other heritage 
destinations in Taiping town. 

4 CHAIN EFFECTS OF HENTIAN KOMUNITI 
IMPLEMENTATION IN THE SUSTAINABILITY OF THE 
HERITAGE TOWN

The responses of Hentian Komuniti concept from building owners and 
local community varies. However, both groups contribute to a chain effect 
as shown in Figure 3. The first task for the researcher was to introduce the 
concept to all heritage building owners. As this concept is on a voluntary 
basis, only a few building owners see the potential outcome of this concept. 
The researcher also needs an input from local community regarding 
walkability in Taiping town to ensure the concept is successful. The lack of 
walking gives a direct impact to the rate of success in the project. Without 
people walking, nobody will use Hentian Komuniti services therefore the 
researcher couldn’t access the level of success of the project. Government 
owned buildings like the library and the museum received a consistent 
number of visitors everyday due to the nature of its service. Therefore, more 
members of the local community know about Hentian Komuniti existence 
in Taiping or at least are aware of it. However, the low number of people 
walking in Taiping town contribute to the slow progress of the project. As 
a result, local community did not use Hentian Komuniti functions for a pit 
stop to rest or use the free toilet services. Clearly from the figure, we can 
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understand that both building owners and local community play an important 
role in the implementation of Hentian Komuniti. Without each other, the 
concept will not be successful even if the local authority supports the action. 
This create a chain benefits among the three stakeholders. Another chain 
benefit can also be found in the outcome of the project. As more people walk 
in the town, more people will realize the value of heritage buildings and 
appreciate them. This will increase the level of awareness among the local 
community towards heritage buildings and try to preserve them. Tourists 
can also benefit from walking in the town which is supported by Hentian 
Komuniti functions. Finally, both outcome will contribute to the success 
of sustaining the heritage town. 

Figure 3 Chain benefit effects of the Hentian Komuniti

It is recommended that community involvement can improve the level 
of awareness on the importance of heritage sustainability. Therefore, with 
enough training and constant motivation about community involvement 
in town development program it will lead to future improvements. Proper 
infrastructure and facilities to accommodate people to walk are needed to 
encourage more people to walk and to give more confidence during walking. 
In addition to the added facilities, the existing building design can also act 
as pedestrian pathway. The five footway which is also part of the heritage 
building design can act as perfect natural pedestrian pathway. In cultivating 
walking as part of Malaysian culture, more education should be provided on 
the benefits of walking other than to reduce traffic congestion. Cultivating 
walking as a culture is a worldwide problem but it is not impossible to 
conduct as many other countries has evidence on the benefits of walking to 
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the town. Other than health benefits, walking also increase the awareness of 
the town condition, appreciation towards the building history and its heritage 
values especially for a town like Taiping. In addition to that, the community 
will become more attached and will improve social communication with 
each other. This will create a better sense of place and improve the sense 
of belonging among the local community. 

5  CONCLUSION

In conclusion, there are a few strategies that can be implemented in the 
future to rebuild the historical town. Firstly, is to educate the community 
to care about the town since young. The community needs to learn to do 
something without any expectation from the local authority and to do things 
voluntarily as part of their duties as a citizen. The changes in their action 
and mentality will improve other challenges such as walking motivation. 
Furthermore, the community will realize that more walking will improve 
and lead to better social communication, health and of course to reduce 
traffic congestion in the town. The promotion of walking culture is also a 
way to improve the health of the community wellbeing. The education and 
continuous awareness about the town history among the local community 
should be initiated by the family first, then to their neighborhood and the 
whole community. The concept of rebuilding the town will be realized if 
everyone work hand in hand to care for the town.
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ABSTRACT

Payment	 in	 the	Malaysian	 construction	 industry	 has	generally	 been	an	
issue	of	concern.	Late	and	non-payment	problem	is	endemic	in	construction	
and	needs	to	be	addressed.	The	aim	of	this	study	is	to	investigate	the	issues	
related	to	late	and	non-payment	based	on	the	building	materials	suppliers’	
perspective.	Questionnaires	were	 distributed	 to	 suppliers	 of	 building	
materials in the Klang Valley. Findings from the study shows the main cause 
of	 late	and	non-payment	 is	 the	paymaster’s	poor	financial	management	
while	the	main	effect	of	late	and	non-payment	is	problem	with	the	cash	flow.		
The	most	recommended	possible	solution	to	cope	with	the	issue	is	for	the	
paymaster	to	conduct	training	on	financial	and	cash	flow	management	to	
the management team in the company.

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

Keywords: construction industry, late payments, materials suppliers, 
Malaysia
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1.0 INTRODUCTION 

The construction industry plays an important role in the development 
of Malaysia. The industry establishes buildings and infrastructure works 
required for social economic development which contribute to the overall 
economic growth (Sin, 2006).  According to the statistic of Growth Domestic 
Product (GDP) by Department of Statistic Malaysia, the construction 
industry is an important segment to Malaysian economy which has 
contributed approximately 8% in 2016 and expected to be increased in the 
coming year (DOSM, 2017). According to Abu Bakar (2015) and Hasmori, 
Ismail and Said (2012), the industry also provides employment for many 
individuals ranging from professionals such as engineers and surveyors 
to main contractors, architects, subcontractors, suppliers and ultimately 
manual labourers who are hired by these contractors. The construction 
industry is an important sector propelling the Malaysian economic growth. 
According to Kho and Abdul Rahman (2010), late and non-payment problem 
is endemic in construction and needs to be recognized as this problem 
occurs persistently from one project to another.  Payments, which implies 
as monies, is needed to pay for material, labour, plant, subcontractors’ 
account rendered, preliminaries and general overheads expended during 
the progress of the work.

When the flow of money into a business is delayed, the net cash flow 
will become negative (Paul et al. 2012; Ranyard and McHugh 2012). When 
this happens, usually the party who received late payment would require 
immediate funding to overcome the cash deficit. Kho and Abdul Rahman 
(2010) found that late and non-payment affects time, cost and quality as 
good quality construction requires prompt payment, so that progress would 
not be affected.

Based on Construction Industry Development Board Malaysia (2006) 
a failure in getting regular and timely payment could result in project delay, 
reduced profitability and in the extreme case, the company may go into 
liquidation. It will also have a knocking effect on the whole construction 
business chain because the contractor for example will not be able to pay 
his banks, his sub-contractors, suppliers, hirers and workers on time thus 
causing everyone to suffer. It would also affect the suppliers who is one of 
the important parties in the construction industry that produce the materials 
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for the construction.

OBJECTIVES

The aim of this study is to identify the issues related to late and non-payment 
based on the building material suppliers’ perspectives.
The objectives of this study are as follows:- 

1. To identify the causes of late and non-payment towards building 
material supplier. 

2. To determine the effects of late and non-payment to the suppliers of 
building materials. 

3. To recommend possible solution of the issue of late and non-payment 
towards building material suppliers.

2.0 LITERATURE REVIEW

Payment problems are old age issues that permeate the Malaysian 
construction industry (Dzulkarnine et al., 2013). Frequently, contractors and 
parties in the construction industry such as suppliers and sub-contractors 
have complained either not getting paid or payments have been unduly 
delayed by the employer.  Problems in payment at the higher end of the 
hierarchy will lead to a serious effect on cash flow problems down the chain 
of contracts. Although numerous studies have been done, the issue of late 
and non-payment seems endless.

Azman et al. (2014) also found that the failure of the contractor in 
getting regular and timely payment could result in project delay, reduced 
profitability and in the extreme case the company may go into liquidation.  
It will also have a knock-on effect on the entire construction value chain 
because when clients do not pay the main contractors on time, the sub-
contractors, suppliers, hirers and everyone in the construction value chain 
will suffer.  Therefore, Hasmori, Ismail & Said (2012) highlighted that the 
late and non-payment will cause severe cash flow problems among the 
parties involved.
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Although previously there were many studies on this issue that has 
been carried out with the focus on contractor’s perspective, studies focussing 
on the perspective of building material suppliers on the same issue is very 
scarce.   It seems that the problem still exists until now.  Thus, this study 
will be carried out to identify the late and non-payment issues focussing 
on the building material supplier’s perspective.

3.0 METHODOLOGY

This study is a quantitative study, which utilizes both primary data and 
secondary data. The main method employed in collecting data was 
questionnaire survey. This survey focused on the respondents’ opinion, 
knowledge and experiences depending on the objectives given out. The 
questionnaires, which are constructed based on Likert scaling ordinal 
measure, are categorized into four sections namely respondents’ background, 
identifying the causes of late and non-payment, identifying the effects of 
late and non-payment, and recommending possible solutions to the issue 
of late and non-payment. On the other hand, secondary data were obtained 
from literature review. In this study, content analysis, desk study, Internet 
search and analysis of theses were conducted.  These provided useful 
information on the causes, effects and possible solutions of late and non-
payments towards building material suppliers.

Respondent

Given the limitation of the time and resources, the population for 
this study is limited to the construction party who are building material 
suppliers in the Klang Valley, and who are registered with Building Materials 
Distributors Association Malaysia (BMDAM). The population of supplier 
companies was obtained through the BMDAM website which is 140. The 
samples were chosen based on the random sampling method by distributing 
100 sets of questionnaires by email, hand and post. Sample selection 
represents the population of building material suppliers in the study area.
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Data Analysis

The data from the questionnaire survey were analysed by using 
Statistical Package for the Social Sciences (SPSS) version 22.0.  Microsoft 
Excel 2010 was also used to assist in analysing the result of the study. This 
study uses descriptive statistics method to analyse the obtained data. Among 
the techniques used include frequency distribution, percentage analysis, 
average index, mean and others.

4.0 RESULTS AND DISCUSSIONS 

Section A: Respondents’ Background 

Out of 100 sets of questionnaires distributed to the suppliers of building 
materials in the Klang Valley, only 63 (63%) sets of questionnaire were 
returned by the respondents. Data indicated that 46% respondents are male 
whereas 54% are female. The findings also showed that the highest number 
of respondents fall under the group of age range between 18 – 25 years old 
(65%). Hence, the highest percentage of the respondents is junior executive 
(54%), followed by executive (21%), manager (11%), senior manager (8%) 
and director (6%). 

Respondents also have varied education background, with degree 
holders being the majority (48%). In terms of firms’ establishment, it can be 
deduced that most of the respondents come from the company that has been 
established for less than 10 years. Furthermore, most of the respondents’ 
companies share almost the same percentage of hiring staff, as well as the 
number of projects handled. Most importantly, data indicated that 68% of 
respondents have experienced late and non-payment issues. 

Section B: The causes of late and non-payment towards 
building material suppliers. 

The study emphasized eight (8) causes on late and non-payment 
namely; paymaster’s poor financial management, disagreement with the 
valuation of work done, technical problems such as errors in submitting 
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the claim, delay in certification, conflict among the parties involved due to 
dissatisfaction with the work of the other party, contractual provision, local 
culture and lastly paymaster’s withholding of payment. 

Table 4.1 Causes of late and non-payment towards building material 
suppliers

Causes Mean/Average 
index

Ranking Level of 
Agreement

Paymaster's poor financial problem 3.78 1 Agreed

Paymaster's withholding of payment 3.71 2 Agreed

Delay in certification 3.67 3 Agreed

Contractual provision which is inadequate clause or 
provision related to remedy due to late and non-payment 

3.67 3 Agreed

Technical problems such as error in submitting claim 3.65 5 Agreed

Conflict among the parties involved due to dissatisfaction 
with the work of the other party

3.60 6 Agreed

Local culture or attitude 3.52 7 Agreed

Disagreement on the valuation of work done 3.51 8 Agreed
Note: 1.00 Average Mean < 1.50 = Strongly Disagree, 1.50 ≤ Average Mean < 2.50= Disagree, 2.50 ≤ 

Average Mean < 3.50 = Moderately Agree, 3.50 ≤ Average Mean < 4.50 = Agree, 4.50 ≤ Average 
Mean < 5.00 = Strongly Agree 

Table 4.1 ranked the causes of late and non-payment towards building 
material suppliers based on the level of agreement. The paymaster’s poor 
financial problems were identified as the highest mean score (3.78) which 
contributed to the late and non-payment issues.  This factor is ranked first 
which makes it the most agreed factor voted by the respondents. This is 
followed by paymaster’s withholding of payment (M=3.71).  The shared 
third rank on the causes of late and non-payment were delayed in certification 
and contractual provision which is inadequate clause or provision related 
to remedy due to late and non-payment with both factors sharing the same 
mean 3.67 respectively. 

Ranked fifth with the mean score of 3.65, another common cause 
of late and non-payment occur in the real industry is technical problems 
such as error in submitting claims. This is a common occurrence in the 
industry where there is lack of supervision by the authorized personnel in 
examining the claim made by his subordinate.  As a result, the claim need 
to be resubmitted and it will take time to process the latest submitted claim. 
Ranked sixth with the mean of 3.60 is conflict among the parties involved 
due to dissatisfaction with the work of the other party. As mentioned by 
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Awakul and Ogulanaa (2012), there are two types of conflicts that normally 
occur inside the large construction projects, which are internal conflicts and 
interface conflicts. Internal conflicts involved participants inside the project; 
whereas interface conflicts involved the parties outside the project.  Local 
culture or attitude also contribute to the cause of late and non-payment 
and ranked seventh with the mean score of 3.52.  Despite using the latest 
technology in the Malaysian construction industry, certain parties still have 
a bad attitude in carrying out works such as delay in submitting the invoices 
or claims, not satisfied with the valuation or careless in doing valuations and 
others which will create a negative chain effect to other parties (Latham, 
1994).  Lastly, disagreement with the valuation of work done was ranked 
last with the mean score of 3.51.

Therefore, from the findings it can be concluded that the most 
agreeable and highest mean score was the paymaster’s poor financial 
problems. It seems that, financial problem from the paymaster creates the 
negative impact to the other contracting parties. This finding is supported by 
Lip (2003) and Davis Langdon and Seah Consultancy (2003). They agreed 
that a delayed payment by one party may affect the whole supply chain of 
payment of a construction project.  Moreover, all the causes of late and 
non-payment stated literally means creating huge problems to contracting 
parties and in this case to the suppliers whereby their cash flow was affected. 
Thus, all the contracting parties have to take the responsibility to ensure 
that the works carried out are paid accordingly with the quantity, quality 
and within the stipulated time.

Kho and Abdul Rahman (2010), in their findings on perspective of 
contractors towards late and non-payment show that paymaster’s poor 
financial problems was ranked first out of forty variables. Even though the 
previous research was carried out on contractor’s perspectives, the results 
of this study shows that the same cause of late and non-payments also was 
ranked as first despite the focus of this study was towards the  perspectives 
of materials suppliers.  Obviously it shows that, the issue of late and non-
payment due to the paymaster’s default is a common occurrence. Therefore, 
the paymaster need to manage his or her finances wisely in order to cope 
with the issue of late and non-payment in the construction industry.
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Section C: The effects of late and non-payment towards 
building material suppliers. 

This section provides the perception of the respondents about the 
effects of late and non-payment issues. The study highlighted eight (8) effects 
of late and non-payment namely; it creates financial hardship, negative chain 
effect on other parties, cash flow problems, result in delay in completion 
of projects, lead to bankruptcy or liquidation, lead to abandonment of the 
projects, result in formal dispute resolution such as litigation and arbitration 
and create negative social impacts.

Table 4.2 The effects of late and non-payment towards building material 
suppliers

Effects Mean Ranking Level of Agreement

Create cash flow problems 3.95 1 Agreed

Create financial hardship 3.89 2 Agreed

Create negative chain effect on 
other parties 

3.86 3 Agreed

Result in delay in completion of 
projects 

3.86 4 Agreed

Result in formal dispute resolution 
such as litigation or arbitration 

3.83 5 Agreed

Lead to abandonment of projects 3.79 6 Agreed

Create negative social impacts 3.60 7 Agreed

Lead to bankruptcy or liquidation 3.59 8 Agreed
Note: 1.00 Average Mean < 1.50 = Strongly Disagree, 1.50 ≤ Average Mean < 2.50= Disagree, 2.50 ≤ 

Average Mean < 3.50 = Moderately Agree, 3.50 ≤ Average Mean < 4.50 = Agree, 4.50 ≤ Average 
Mean < 5.00 = Strongly Agree

Table 4.2 displays the results and findings on the effects of late and 
non-payment issues towards building material suppliers. Based on Table 
4.2, it shows that the highest mean of the effect of late and non-payment 
was that it creates cash flow problems with the mean score 3.95 and ranked 
first. It was also found that most of the respondents agreed that late and 
non-payment create cash flow problems to the contracting parties with the 
total overall percentage of agree was 95.2% compared with a mere 4.8% 
that did not agree with this statement.

Thus, from the findings, it is found that the major effect of late and 
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non-payment towards suppliers is that it creates cash flow problems. This 
factor was chosen as the most agreeable among the respondents because 
once they got involve in the situation of late and non-payment, their cash 
flow is most affected. This is because the monthly expenses such as utilities 
bills and management fees need to be paid every month within the stipulated 
time. Thus, if the payment is late or there is non-payment, it would give 
negative impact in terms of cash flow management to the contracting parties. 

Furthermore, the findings also show that the effects of late and non-
payment is that it creates financial hardship to the suppliers. This factor 
is ranked second with the mean score of 3.89. Since there are already a 
considerable number of researchers who have carried out research on 
the effect of late or non-payment to the contractors, this study focussed 
on the effects on materials suppliers. From the research carried out by 
Mohd Danuri, Che Munaaim and Abdul Rahman (2006), they have ranked 
this effect third, showing that this effect has contributed to the negative 
consequence towards contracting parties.

The other effects as shown in Table 4.2 is that it creates negative 
chain effect on others parties and it also results in delays in completion of 
projects. These effects show the same mean score of 3.86 and were both 
ranked third. There is no doubt that late and non-payment creates negative 
relationship among the contracting parties. When late and non-payment 
occurs, as construction projects may involve several parties this would 
affect the client and the other chain or clientele in those projects. Once the 
negative chain among the parties was formed, it gives the negative result 
on the completion of the projects. In other words, these two effects were 
linked and dependent on each other. Therefore, the relationship among the 
parties in a project need to be considered to ensure the successful completion 
of a project.

The least agreeable rate for the effects of late and non-payment shown 
in Figure 4.2 is that it leads to abandonment of projects with the mean score 
of 3.79, followed by creating negative social impacts (3.60) and that it leads 
to bankruptcy or liquidation (3.59). Compared to other effects, these three 
effects were rated as least agreeable by the respondents. Although they are 
ranked at the bottom of the list, these effects are crucial and need to be taken 
into consideration because late and non-payment to the suppliers also may 
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lead to the abandonment of the project. This is because the suppliers would 
either suspend or stop the supply of materials to the site. Once the project has 
been abandoned, it creates negative social impact to the users. For example, 
in the construction of a bridge, once it is abandoned it will cause problems 
to end users who are using the bridge. Last but not least, the worst effect 
of late and non-payment shown in Figure 4.2 is that it leads to bankruptcy 
or liquidation where this normally happens to small companies as cited in 
the research by Mohd Danuri, Che Munaaim and Abdul Rahman (2006).

Section D: Possible solutions to the issue of late and non-
payment towards building material suppliers.

The study highlighted seven (7) main points of possible solutions on 
late and non-payment namely; financial management, contractual matters, 
legislation, new way of payment method, local culture or attitude, technical 
issues and financial institution.

Table 4.3: Summary of Possible Solutions for Late and Non-Payment
Possible Solution Mean Average 

Mean
Ranking Level of 

Agreement

Financial Management

1. Conduct training on financial management and 
cash flow management

4.08 4.04 1 Agreed

Contractual Matters

1. Being smart in accepting the contract and choose 
a good paymaster
2. Specific clauses in the contract relating to 
managing construction failure should be included

3.97

4.00

3.99 2 Agreed

Legislation

1. A right to suspend works
2. Applying charges to overdue payment

3.89
3.95

3.92 3 Agreed

Technical Issue

1. Avoiding the technical error in submitting the 
claim     
2. Approving party must avoid from giving late 
approval

3.88

3.92

3.88 4 Agreed

New Way of Payment Method

1. Applying the new way of payment method among 
the paymaster who is withholding the payment

3.83 3.88 5 Agreed

Local Culture or Attitude

1. Fundamental change in the mind-set towards 
timely payment

3.79 3.79 6 Agreed

Financial Institutions
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1. Reduce interest rate
2. Slow or delayed start to repayment terms
3. Seasonal payment or payment based on money 
flowing into the business

3.62
3.68
3.89

3.73 7 Agreed

From the findings in Table 4.3, it shows the possible solutions which 
can be applied to cope with the issue of late and non-payment towards 
suppliers. Based on the information in the table, there are seven (7) major 
potential solutions identified. The three most possible solutions to counteract 
the payment problems based on the findings in Table 4.3 are financial 
management, contractual management and legislation. 

The table shows that the most agreeable possible solution nominated 
by the respondents was financial management. The paymaster need to 
manage his finances wisely in order to cope with the issue of late and 
non-payment and indirectly this possible solution was ranked first with the 
highest average mean of 4.04. To be effective in managing the finances, the 
company needs to conduct training on financial and cash flow management 
in order to educate the managerial staff and subordinates as well as managing 
the finances efficiently. 

Furthermore, contractual matters were ranked second with the 
average mean of 3.99. Contractual matters can be avoided by being smart 
in accepting the contract and choosing a good paymaster and also making 
a smart decision before agreeing to any contract offered by examining the 
background of the paymaster. To be fair to both contracting parties, specific 
clauses in the contract relating to managing construction failure should be 
included in the contract. It means that, both parties need to be accountable 
for any breach of contract on their part that lead to failure to the projects. 

Last but not least, the findings also show that legislation is one of the 
possible solutions that was ranked high by the respondents. With the average 
mean 3.92, it was ranked third. Legislation seems to play an important role 
in enforcing the right to suspend work due to late and non-payment. On 
behalf of suppliers, the suppliers need to give the same advantage as the 
contractor which is to suspend the delivery of materials to the construction 
site until the payment has been made. In addition, legislation may also allow 
the contracting parties who are facing the issue of late and non-payment to 
apply charges due to overdue payment. This seems fair to the other parties 
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particularly those that received late payment by the paymasters.

5.0 CONCLUSION

It can be concluded that the majority of the suppliers agreed with the causes 
and effects of late and non-payment that have been proposed and asked in 
the questionnaire. There are seven main points of the recommended possible 
solutions towards the issue of late and non-payment. All the recommended 
solutions were agreed based on the level of agreement after taking into 
consideration the findings by the respondents. 

Recommendation for Future Research 

Some recommendations for future studies include a study to identify 
a method to be used to ensure smooth payment to the suppliers, a study to 
determine the solutions to be taken by the suppliers upon the paymaster who 
delays making payment, increase the coverage of research in terms of scope 
and limitation of the study to obtain more accurate information towards the 
other factors and effects of late and non-payment that need to be taken into 
consideration, and a study to identify the awareness of suppliers as a part 
of contracting parties towards the existence of CIPAA2012.
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ABSTRACT

This paper aims at assessing the performance of thermal, room acoustics 
and daylight of the old Indrapuri mosque. Indrapuri mosque is located 
in	Aceh	Besar	and	built	in	the	12th	century.	The	mosque	is	famous	with	
the	history	of	Aceh;	therefore,	it	belongs	to	the	cultural	heritage	object	
conserved	by	the	government.	After	some	decades,	the	facade	has	been	
maintained and conserved. However, some conservation steps were shifted 
from the principle ones such as using traditional techniques and materials. 
The data were collected using survey and mechanical measurement. The 
results show that some replacements cause some spatial discomforts 
such	as	higher	indoor	thermal	performance.	It	is	indicated	in	Olgyay’s	
bioclimatic	 chart	which	 also	 shows	 that	 the	 air	movement	 should	 be	
increased to reach the comfort zone. The mosque acoustics performance 
has	slightly	high	background	noise,	while	the	sound	pressure	level	and	
reverberation	time	still	meet	the	standard.	The	daylight	remains	good.	
This is shown when there is no electrical light is switched on during the 
day	including	daytime	prayer	i.e.	Zuhr	(1	pm)	and	'Ashr	(4	pm).	

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

Keywords: Old mosque, Thermal Comfort, Acoustic, Daylight
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1. INTRODUCTION

Indrapuri mosque (as shown Fugre 1) is an old mosque located in Aceh 
Besar district. The mosque was built on top of the base of a former 12th-
century Hindu temple from the Hindu Kingdom of Lamuri of North Sumatra. 
When Islam came to Indrapuri, Sultan Iskandar Muda converted the Hindu 
kingdom to be Islamic. Later, the Indrapuri mosque was erected in the place 
of Hindu temple square, which is surrounded with stepping and magnificent 
views of nature (Disbudpar, 2015).

This mosque is rich with the history of Aceh province. It is a sacred 
place that has produced many Islamic scholars. As the mosque in Aceh was 
previously utilized for many purposes, the mosque was also functioned as 
a place for preparing the war strategic against the Dutch colonialism. Even 
more, it had become the center of governance of Aceh kingdom for a while 
when the Acehnese kingdom was dominated by the Dutch. However, the 
Dutch had dominated the Indrapuri mosque which had caused the removal 
of capital city from Indrapuri to Keumala. This mosque is also well-known 
with the coronation of Sultan Alaiddin Muhammad Daud Syah, who led 
Aceh from 1874-1903 AD.

Figure 1. Indrapuri Mosque from the Old to the Present

The total area of the mosque is 33.875 m2, while the area of the 
worshipping place is about 15 x 15m.  It has three tiered roofs, which are 
supported by 36 wooden columns. The roof was initially made from rumbia 
leaf which provides upper apertures for circulating out the hot air.  The 
western pulpit was built continuously connected to 1.5 m height of stone 
fence surrounding the floor plan (Meuko, 2015). The open terrace with steps 
surrounding the mosque creates a magnificent view of the mosque. At the 
northern part of the mosque, the wooden tower stands which is believed to 
be previously functioned as a place for sounding azan. The wooden mosque 
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was built with the wood pegs system. However, nowadays the mosque has 
been strengthened with nails especially in the roof construction.

Figure 2.  Site plan, floor plan, front view of Indrapuri mosque 
(Source: Author’s document)

The tiered roof model of Indrapuri mosque, which is up to 12 m above 
the ground, looks like the traditional roof of some mosques in some other 
places in Indonesia. However, some scholars say that the mosque in tiered 
roof style firstly came from Aceh since Aceh was the first area where Islam 
initially spread in Indonesia. However, despite many interpretations of the 
shape of this roof, this kind of roof works well in tropics climate. Therefore, 
this type of mosque design is identified as Nusantara typical mosque. Even 
more the former Indonesian president ‘Mr. Soeharto’ initiated to build up 
to 999 mosques applying this style across Indonesia (Yayasan Amal Bakti 
Muslim Pancasila, 2013)

This mosque is one of the ancient mosques in Aceh which is highly 
preserved yet still function as the daily worshipping place for Muslims. 
However, some replacements were applied such as the roof which was 
converted to corrugated zinc sheet. The upper aperture between the tiered 
roofs was sealed with plastic fiber to protect the room from the rain splash. 
The floor has been plastered with marble which covers the umpak foundation 
causing the poles planted into the ground.  At last, the stone wall was partially 
coated with cement. This study, therefore, assesses the thermal, daylight and 
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acoustic conditions. This performance will benefit some recommendations 
to approach sustainable historic building conservation.

2.  SPATIAL COMFORT AND MOSQUE

The mosque is a sacred place for worshipping (Al-Hamoud, 2009; Saeed, 
1996), which serves as a place for Muslim to do their daily prayers , 
as a symbol of Islam as well as space for social gatherings, education, 
and community service (Kahera, et.al, 2009). There are many factors 
contributing to the shaping of the typology, design, and role of the mosque 
in a multicultural atmosphere (farrag, 2017). One of the factors is spatial 
comfort, which is required in a mosque for the presence of the solemnness 
to the worshippers (Al-Hamoud, 2009; Saeed, 1996). The spatial comfort 
in this study comprises good room acoustics performance such as good 
sound level pressure distribution and sufficient reverberation time; thermal 
comfort criteria; and adequate daylight provision. In addition, meeting the 
spatial comfort is also a way to conserve the energy in running the building. 
Acoustic performance inside the mosque is critical since good sound 
distribution would increase the solemnness of the worshippers in performing 
the prayer. In the mosque, the intelligibility of both speech and other sounds 
is extremely important, especially crucial for holy tones that must be 
both spacious and effective. Several acoustical parameters govern speech 
audibility, intelligibility, and spaciousness of sound. The parameters are 
usually employed in the acoustical analysis of mosques such as reverberation 
time, sound pressure level distribution and sound transmission index (Eldien 
et al., 2012).

Thermal comfort criteria in tropics, Indonesia refers to the formula of 
neutral temperature in Indonesia was developed by Karyono (2015), which 
indicates that the comfortable indoor temperature in Banda Aceh and its 
surrounding is specified in 23.40C- 29.70C (Sari, 2017). This condition 
is quite challenging to achieve due to high relative humidity (RH) and 
high air temperature (Ta). To get such comfortable thermal sensation, 
high air velocity is needed to reduce the relative humidity which is set 
comfortable at 35% to 70% (Evan, 1980; Humphrey, 1992; ASHRAE, 
1992; Karyono, 1996; Szokolay, 1990). The effect of air movement is 
essential in increasing the efficiency of sweat evaporation and thus avoid 
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discomfort due to moisture on the skin. In hot humid climate, the most 
proper air velocity for day comfort is in the range of 0.10 to 0.40 m/s and, 
indoor air velocities of 1.0 m/s are delightful and are acceptable up to 1.5 
m/s, anything above that is considered unacceptable (Szokolay, 1990). This 
condition is included in Olgyay’s bioclimatic chart, which provides the 
comfort zone that considers the air temperature, relative humidity, and air 
velocity. The higher air temperature, the higher the airspeed should be in 
order to reach the comfort (figure 8). As commonly known that the air can 
be circulated naturally through optimal apertures with the cross ventilation 
system. Good thermal sensation in tropics can also be obtained by the use 
of low conductivity materials and light colour which has little value of heat 
absorptance (Emmanuel et al., 2007; Sari et al., 2018).

Building design using daylight system is considered as an excellent 
passive lighting design. Daylight is lighting obtained from secondary 
sunlight source. It provides the best source which comfortably matches 
with human visual response (Arab et al., 2012). To measure the indoor 
lighting performance illuminance level is utilized. Based on the measurable 
scales shown in Table 1 the illuminance of the mosque should be minimally 
in scale five which is ranged from 200-499 lux, which means that the 
illuminance quantity is sufficient in getting details that are easy to see at 
normal brightness for reading. In the mosque, the worshippers do not only 
do salat or prayer, but they also recite Al-Quran which needs sufficient light.

Table 1. Measurable scales of lighting (Arab et.al, 2012)
Scale Illuminance 

(lux)
Level

1 0 - 19 Total darkness to dark

2 20 - 49 Do not demand a high visibility of the task (public areas)

3 50  - 99 Do not demand a high visibility of the task (orientation during 
short stop)

4 100  - 199 Do not demand a high visibility of the task (rooms not in 
permanent use and hallway brightness)

5 200 -  499 Details easy to see at normal brightness for reading or office area

6 500  - 999 Details difficult to see like intricate work for brightness

7 1000  - 1999 Task lighting for highly demanding work - extremely fine details 
like microelectronic assembly
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8 2000 - 
10000

Task lighting for highly demanding work - extremely fine details 
like special tasks in surgery (10000 lux is maximum brightness 
from sunlight to indoor area)

9 10001 - 
100000

Outdoor area brightness (100000 lux is the maximum 
measurement)

3.  RESEARCH METHOD

In order to evaluate the quantity and the quality of sound distribution inside 
the mosque, this study recorded sound pressure level, reverberation time and 
background noise. The acoustic condition was only measured for one day 
within the empty room. Omnidirectional speaker (NOR-223) was located 
in the center of the room which is 1.50m above the ground to represent 
the condition of standing speech. This speaker provided sound source for 
calculating the reverberation time (ISO3382) and sound pressure level. 
The measurement that was carried out on some spots (Figure 3) utilized 
½ inch microphone as the receiver set on 0.85m above the ground which 
represented the sitting condition. Before the measurement, the tools were 
initially calibrated in order to get the correct results.  After the measurement 
of reverberation time and sound pressure level, the background noise was 
also recorded using RTA 840 and calibrated microphone condenser to 
identify the room criteria. The tools measured the ambient noise of sound 
pressure level (SPL) which was also positioned 0.85 m above the ground.

Figure 3. The position of the Measurement
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Thermal performance data were collected utilizing Heat Stress WGBT 
Meter–TM 188D. The thermal data included Globe temperature (Tg), 
Air temperature (Ta), and Relative Humidity (RH). Meanwhile, the air 
velocity was measured by using Anemomaster Model 6113. The surface 
temperature (0C) of the building envelope was recorded by utilizing Infrared 
Thermometer  KW06-280, and at last the illuminance of daylight received 
inside the mosque (E) was measured using lux meter. The measurement 
was carried out for one day on May, 3rd 2018.

4.  RESULTS 

4.1  Acoustics Performance

a. Sound Pressure Level
The measurement was done by using the artificial sound source that 

was located in the middle.  The even size and symmetrical form of the floor 
plan created the voice source which is 81,5 dB distributed evenly to all 
spots. The furthest voice has the SPL of 76,50 dB. The difference of sound 
pressure level which is less than 10dB of the sound source in every position 
of the rooms met the criteria, which means that SPL distributions are loud 
enough to be received by the listener against the background noise (figure 4).

Figure 4. Sound Pressure Level Distribution in Indrapuri Mosque



64

Malaysian Journal of Sustainable Environment

b. Reverberation time
The reverberation time (RT) curve (figure 5.a) shows the uneven RT on 

every frequency for on octave band. It shows that the curve is increasing in 
low frequency (125 Hz- 250Hz), which is around 1.0-1.4 second, while in 
medium frequency the curve is decreasing down to 1.2 second and running 
down below to 1 second on high frequency (4000-8000Hz). This condition 
shows an optimal performance of speech room criteria, which also justifies 
an excellent performance of mosque design of Indrapuri Mosque.

Figure 5. a. Reverberation Time Curve of Indrapuri Mosque b. RC Curve 
Showing the Back Ground Noise Inside Indrapuri Mosque

c. Back Ground Noise 
The mosque is located slightly remote from the main street. In addition, 

it is surrounded by stepping walls. Thus, it should not have the background 
noise especially in the praying area. However, during the measurement, 
the zinc roof that was previously installed with rumbia leaf made some 
intermittence noise that is shown in figure 4b. RC curve shows that the 
average value stands on RC-40 and 45 which is noted as slightly higher 
than recommended on background noise in worshipping place. 

Despite the slightly high background noise due to the broken zinc 
sheet, the overall room acoustics performance shows that Indrapuri mosque 
works very well in giving adequate and sufficient comfort in listening 
activities. The mosque worshippers also mentioned that the priest gave the 
sermon without any loud speakers. This proves that such mosque form and 
size is an ideal design in delivering good room acoustics.
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4.2  Thermal performance 

The thermal performance of Indrapuri mosque was indicated through 
the air temperature, globe temperature, relative humidity and the surface 
temperature of roof, wall, and floor.  Figure 6 shows that the relative 
humidity fluctuating around 64 to 75% which is somewhat higher than the 
comfortable range of RH that is between 35% and 70%. Meanwhile, the 
average air and globe temperature run similarly which are about 310C. 
The average surface temperature of short stone wall and floor are also 
close to 310C. Even though Figure 6 shows that the zinc roof surface 
temperature is high up to 550C which is due to the thermal conductivity 
value which is about 116 (W/m K), yet the globe temperature is just close 
to the air temperature. This condition may be due to the large openings 
and the less building envelopes. The top aperture of the mosque is still left 
open which helps to circulate out the hot air from the top. However, if the 
roof is conserved by installing the leaf roof as the original material, the 
globe temperature will be probably comfortably reduced. In some studies 
evaluating the Acehnese traditional house, which still applies rumbia leaf 
as the roof material, the indoor thermal performance, that remain good have 
been conducted (Sari, 2010; 2017). Since the Acehnese traditional house 
is made from timber and leaf roof which is lightweight, the micro climate 
really influences the indoor thermal performance. In this case planting the 
surrounding with greeneries to provide shade to cool the micro climate. 

Figure 6. Temperatures and Relative Humidity Inside Indrapuri Mosque
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Figure 7. The surface temperature of Indrapuri mosque building envelope

Figure 8. Air Velocity (m/s) Inside Indrapuri Mosque

Figure 8 shows that the air movement which is recorded 80cm above 
the ground is running on the average of 0,1-0,4m/s.  The highest maximum 
value of the air speed is in zone E which is about 0,9 m/s. It is followed by 
zone H and G. Zone E is located in the center where it is directly connected 
to zone H, the main entry where no wall stands is distracting the wind.

Thermal comfort prediction

Based on the formula for predicting the comfort temperature in 
Indonesia, Karyono (2015) collected some thermal comfort studies in 
Indonesia and from those studies he found a regression equation of predicted 
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comfort temperature (PCT) on the mean daily outdoor temperature as 
follows:  

PCT	=	0.749Td	+	5.953	……….......…..............................................(1)	

PCT is the predicted comfort temperature, and Td is the average daily 
outdoor temperature.   The coefficient determination of R2 = 0.38 (r = 0.61), 
and the regression is significant at a 95% confidence level. 

Table 2: Comfort Range of Banda Aceh
Max(0C) Min (0C) Avg (0C)

Td 31,8 23,2 27,5
Tco 29,7 23,4 26,6

Notes:
Td: Average daily outdoor temperature
Tco: Comfort temperature

Based on equation 1, PCT of Banda Aceh is calculated by using the 
average daily outdoor temperature of 27.50C. The equation found that the 
predicted comfort temperature of Banda Aceh is 26.60C. From the predicted 
comfortable temperature range, we see that the average air temperature 
which is around 310C in Indrapuri mosque is above the standard. 

Another tool for predicting the comfortable temperature is using the 
Olgyay’s Bioclimatic chart which also considers the air velocity and relative 
humidity.  Figure 9 shows that once the recorded data of air temperature 
(DBT0C) and the Relative Humidity (RH%) are traced on the Olgyay’s 
Bioclimatic chart, it shows that the thermal performance is out of the comfort 
zone. The mosque with the sealed apertures of the second roof (figure 10) 
and some wall apertures covered with cupboard and whiteboards (figure 
9) are probably the reason for having low air speed. Based on the Olgyay’s 
Bioclimatic chart, we see that to upgrade the thermal performance to be 
included in the comfort zone, the air movement must be increased up to 1 
m/s. The worshippers approve this condition by installing fans to overall 
beams in the mosque to get more air movement (Figure 10). The previous 
design of the mosque with apertures without any seals on the top is believed 
to be a good way to circulate the hot air off from the top.
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Figure 9. The Thermal PerformanceIllustrated in Olgyay’s Bioclimatic Chart 
(Olgyay, 1992)

Figure 10. The Roof Aperture Sealed With Plastic and the Fans Installed and 
Attached to the Wooden Beams

4.3      DAY LIGHT PERFORMANCE

Figure 11 shows that the overall room has sufficient daylight 
illuminance, which some areas such as A, D, G, H reach up to 2000 lux. Only 
area C and B suffer the lowest value of the illuminance. Area B at the qibla 
position that is facing northwest and C facing north have been partitioned 
with some cupboards and whiteboards which reduce the illuminance of the 
daylight which is around at 100-200 lux (figure 12).

Figure 11. Daylight Illuminance (Lux) Received Inside Indrapuri Mosque
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Figure 12 Wall Apertures Partitioned with Cupboards and Whiteboards

5. CONCLUSION

This study assessed the performance of thermal, room acoustic and 
daylight provision in Indrapuri mosque. Originally the mosque was built 
in lightweight construction applying the timber as the whole constructions, 
and rumbia leaf as the roof. After some decades, the mosque was modified. 
The aim was to get the mosque strengthened. The zinc sheet replaced the 
rumbia leaf as the roof material. The cement floor is coated with marbles. 
And the roof apertures were covered with plastic fiber. The study shows 
that those replacements cause some spatial discomforts such as high indoor 
thermal performance, high background noise and low luminance of daylight 
in some spots. However, some criteria such as reverberation time, sound 
pressure level and illuminance nicely meet the comfortable standard. This 
study shows that Indrapuri mosque meets the criteria of good room acoustics. 
However, the thermal performance is out of the comfortable zone due to the 
high relative humidity and air temperature and low air speed. The Olgyay’s 
bioclimatic chart recommends that Indrapuri mosque should be provided 
with the air speed around 1 m/s to give the comfortable sensation. This can 
be achieved by removing the plastic fiber on the upper apertures to give 
more outlet for circulating the air out. Another option is to reduce the air 
temperature which is related to globe temperature that is influenced by the 
building material. Replacing back the leaf roof or any kind of materials with 
similar thermal properties as the roof material is one of the ways to reduce 
the air temperature. By planting the surrounding with high trees with thick 
leaves will also work to cool the micro climate. This study indicates that 
for conserving the building, installing new materials should be minimized 
to achieve the optimal spatial comfort. Alternatively, we could conserve the 
mosque by installing the materials or properties closed to the original one. 
Additionally, attaching information and supporting furniture should also be 
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wisely managed to obtain not only the facade but also the indoor comfort.
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ASTRACT

The	 research	 explains	 about	 workplace	 reform,	 aimed	 at	 improving	
productivity	of	General	Affairs	and	Policy	Planning	department	of	Seiyo	
officeby	changing	management	through	the	user	participation	workshop	at	
4th	floor	of	Seiyo	city	office	and	on	the	changes	of	workplace	reform.	The	
purpose	of	this	research	is	to	find	the	changes	that	are	worker's	behaviour	
and	worker’s	 awareness	 of	workplace	 through	workplace	 reform.	 The	
researchers	surveyed	changes,	worker's	behaviour	and	worker's	awareness	
of	workplace	using	workplace	reform	at	4th	floor	of	Seiyo	office	as	case	study.	
In workplace reform, in order to create a place where new work style can 
be	practiced,	the	researchers	conducted	the	user	participation	workshops	
with workers a total of 6 times. Through the workshops, concept of work 
style and plan of renovation were proposed. In addition, the researchers 
did a survey using two methods which were a set of questionnaire and 3 
observationsthat	 is	before	 the	workplace	renovation,	3	months	after	 the	
renovation,	and	1	year	and	3	months	after	 the	renovation.	The	findings	
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obtained	from	the	questionnaire	in	the	first	3	months	after	the	renovation	
showed	that	the	opinions	of	the	workers	were	divided	between	pros	and	cons	
against workplace reform. However, the survey of 1 year and 3 months after 
the	renovation	showed	that	almost	all	workers	are	satisfied	with	the	new	
environment. In addition, the researchers found that a positive correlation 
exist	between	participation	rate	of	workshops	and	the	satisfaction	level.	
The	findings	suggest	the	worth	of	workshops	for	workplace	reform.	In	the	
Observation	Survey,	the	workers	needed	to	select	a	place	freely	where	they		
can	work	comfortably	after	the	workplace	reform.	For	example,	they	chose	
to	work	in	refresh	space.	In	addition,	the	findings	from	the	survey	showed	
that	the	floor	became	livelier	when	the	participation	rate	increses	at	that	
workplace.	Additionally,	 the	participants	became	more	conscious	of	 the	
work style such as features of work style, after workplace renovation; they 
are	able	to	clearly	differentiate	between	short	intermittent	works	separated	
by	conversation	and	phone	and	personal	work	on	concentration.

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

Keywords: Workplace, Participatory Design, Workshop, Change 
Management,	Behavioural	Observation
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1 INTRODUCTION

The number of workplaces by participatory design is increasing (Wang et 
al., 2014). However, there is minimal research on comprehensive (subjective 
and objective) perspective. There is only one case that examined the degree 
of satisfaction of the office (New Office P. A., 2016, p.214-237). Therefore, 
the researchers decided to do a study on workplace reform using changing 
management of the 4th floor of Seiyo city office. The research aimed to 
comprehensively survey the influence of workplace reform the perspective 
of worker’s work style (awareness and behaviour), using a questionnaire 
and behavioural observation survey. In addition, “change management” 
means that work style changes occur when the workers deeply participated 
in the process of workplace design. When the workers are involved, it will 
deepen their understanding of each goals, organizational goals, business 
style occur changing the awareness about their work contents and style 
through participatory design (New Office P. A., 2014, p.255-256).

2 LITERATURE REVIEW

The definition of an effectiveness of participatory design is user can take 
ownership of own workplace (Wang et al., 2014 ; Okabe et al., 2014). 
Furthermore, when thinking design is not done for public, but only for 
identified people, then participating directly in the process of design is more 
effective (Kumazawa et al., 2008).

In workplace, there is correlation between conversation satisfaction 
and employee’s productivity (Midorikawa et al., 2011). Moreover, 
effectiveness of conversation and productivity by changing layout is 
researched (Okamoto et al., 1999; Numanaka et al., 2015). When evaluating 
productivity, communication is one of the important factors (Okamoto et al., 
1999). In addition, satisfaction of conversation makes employee to become 
more productivity. According to the research by Okamoto et al (1999) and 
by Numanaka et al (2015) there is correlation between Conversation and 
employee’s productivity.
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3 Summary of workplace reform

3.1 Background of workplace reform
Along with the recent declining working population, it is an urgent task 

to raise productivity. Even in Seiyo city, Ehime, Japan, the population and 
staff are expected to decrease dramatically from 2013 to 2040 (Intelligent 
Productivity Research Committee, 2012). These shows a possibility of 
financial collapse may occur when the allocation tax is being reduced. 
Therefore, the authors aimed to improve the productivity of workers by 
creating a workplace where they can practice better work style, through 
workplace reform by changing management through the user participation 
workshop.

3.2 Workplace reform policy and flow
The goal is to make it possible for workers to practice how to improve 

the productivity of the whole Seiyo office by workplace reform. In this 
case, the authors aim for improvement in productivity, which depends 
on the 2 policies for the General Affairs and Policy Planning Department 
(hereinafter, referred to as “GAPP”). The 1st policy is reduction of cost by 
improving the efficiency of routine work, while the 2nd policy is improving 
quality of output by creating innovation, realizing ideas to solve various 
problems, thus, making Seiyo city attractive. To determine this, first, the 
researchers conducted survey and workshops (WS1, 2 and 3) to grasp the 
current situation and the ideal. Next, based on those results, the research 
was proposed to change the new work style and new layout. Additionally, 
the researchers held workshops (WS4, 5 and 6) to think about the ways 
to improve productivity. Finally, in order to evaluate the effectiveness of 
workplace reform, the researchers conducted a survey 3 months after the 
renovation and 1 year and 3 months after the renovation.

Table 1 Outline of workshops
WS1 WS2 WS3 WS4 WS5 WS6

Schedule

14 Apr 2016 
13:00~ 18:30
15 Apr 2016 9:00~ 
12:00

25 May 2016 
9:00~ 12:00

30 May 2016 
13:00~ 17:00
31 May 2016 
9:00~ 12:00

19 Oct 2016 
13:00~ 17:00

8 Nov 2016 
13:00~ 18:30

9 Nov 2016 
9:00~ 12:00
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Participant

· GAPP (15 
people)
· Other 11 
divisions (11 
people)
Total 26 people

·GAPP(7 
people)
· Other 8 
divisions (8 
people)
Total 15 people

· GAPP (9 
people)
· Other 10 
divisions (10 
people)
Total 19 people

· GAPP (25 
people)
· Other 1 
division (1 
person)
Total 26 
people

· GAPP (27 
people)
Total 27 people

· GAPP (23 
people)
Total 23 
people

Purpose

· Make yourself a 
reform. 
· Grasp the 
current situation 
and share 
recognition of 
each worker.

· Bird’s eye view 
of own work 
and reconsider 
value.
· Sharing of 
ideals of city 
hall and future 
policies. 

· Sharing current 
problems and 
solutions (by way 
of work, space). 
· Determination 
of the policy of 
reform. 

· Think about 
new ways 
of work 
style toward 
improving 
work 
efficiency.
· Imagine 
how to work 
in the new 
workplace.

· Notice the 
necessity of 
improving 
productivity.
· Have an 
awareness to 
change work 
style to date. 

· Think about 
the workplace 
operation 
method to 
realize a new 
work style.

O
verview

· Lecture (about 
2.5 h) 
· Case 
introduction / 
comparison 
· “Good point” and 
“Bad point” 
· Depth interview 
· Scenario writing

· Tour of the 
latest workplace 
case 
· Business 
model campus 
· Work style 
Concept 
creation

· Modification 
of Work style 
Concept 
· Case study of 
workplace space 
· Pattern 
Language

· Review of 
work using 
diary survey
· Scenario 
writing (New 
workplace 
version)

· Lecture 
(about 2 h) 
· 
Troubleshooting 
for improving 
work efficiency 
Brest

· Develop 
ideas for 
becoming 
cross-division 
organization 
· 
Establishment 
of operational 
rules at 
the new 
workplace

4 Results of the workshops

4.1 Work style Concept 
Through the first half workshops (WS1, 2 and 3), the researchers 

created work style concept as a policy of workplace reform by making ideal 
of Seiyo city office and the ideal of Seiyo city. As a result, the work style 
concept was made “ChangeSeiyo!” and the sub concept is “challenge”, 
“connect” and “enjoy”. By having the concept, the workers aim at improving 
the work style so far and aim to be a workplace where they can work 
challengingly as well as improving citizen service. As a result, the Concept 
meaning has changed to be more attractive at Seiyo city.

4.2 Content of layout suggestions
The researchers designed a workplace layout that can embody sub 

concepts (challenge, connect and enjoy) of the work style concept, and 
encourage new work style (Fig.1). The concept of the layout is “Choose 
a place depend on mode that is based on work style concept according to 
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your schedule”, and the layout is based on the team address system. The 
team address system is our original seat system. An island for each division 
(number of seats is smaller than the number of people) and non-territorial 
seats are prepared, and workers who could not sit on the division’s islands 
will automatically sit at non-territorial seats with workers of other divisions. 
However, the General Affairs Division has onlyfixed seat system. In addition, 
the researchers set up six modes (team, concentration, welcome, discussion, 
play and share) and made space according to each mode. By having various 
meeting spaces, the researchers aimed to promote collaboration among staff 
based on the number of people, mood and purpose.

Fig.1 Proposed layout

5 Evaluating the effect of workplace reform

In this case, the authors evaluated the effect of workplace reform from 
the two viewpoints; questionnaire survey as a subjective perspective and 
behavioural observation survey as an objective perspective. The effect of 
evaluation was conducted 3 times before the renovation, 3 months after the 
renovation, and 1 year and 3 months after the renovation. In the following, 
it is abbreviated as BEFORE, AFTER1 and AFTER2.

5.1 Questionnaire survey
In the questionnaire survey, 30 items related to the surrounding of 

seat, conference room, tools, etc. were evaluated in 6 ranks from 1 to 6 on 
2 axes; satisfaction and influence, on work. (Tables 2 & 3)
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Table 2 Summary of Questionnaire Survey
Item Survey on satisfaction level of workplace environment and degree of 

influence on work

Term BEFORE: 25 May 2016~ 1 Jun 2016
AFTER1: 23 Feb 2017~ 3 Mar 2017
AFTER2: 30 Mar 2018~ 11 Apr 2018

Target Seiyo city office workers (35 to 42 people)

Method URL distribution mail using WEB questionnaire

Table 3 Questionnaire survey items (some excerpts)
1. The size of the desk 8. Ease of taking out necessary 

document such as shared locker
2. Desk storage capacity (withdrawal 
etc.) 

9. Amount and content of office 
equipment (stationery etc.)

3. Comfort of office chairs 10. The distance between desks and 
the size of the aisle

4. Ease of concentration of work at the 
desk

11. The extent that it does not care 
about surrounding voice and sound

5. Ease of conversation with people 
around me at my seat

12. Number of “meeting rooms” 
(including the size)

6. Ease of refreshing at your desk 13. Ease of use depending on the 
location of “meeting rooms”

7. Amount of storage such as shared 
locker

14. Assortment of “meeting room” 
equipment

5.1.1 Simple tabulation
 Changes of the degree of satisfaction on each item for the workplace 

environment and the degree of influence of work (6 grades) are shown in 
Figure 2. AFTER1, positive and negative reactions to the new workplace 
environment appeared extremely, and items were scattered at both ends of 
Figure 2. However, in AFTER2, these gathers together as one cluster and 
most items of satisfaction level raised such as in item “meeting space” of 
satisfaction level is greatly raised. By setting up various kinds of meeting 
space, it is possible for the workers to choose a place according to the mood 
and situation. It seems that it causes the rise in satisfaction level.
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Fig.2 Workplace Satisfaction Degree and Influence Degree

5.1.2. Relationship with workshop participation rate
A strong positive correlation is found between the degree of 

participation (as shown in Eq. (1)) in workshops and the degree of increase 
in satisfaction with the workplace (Table 4). It suggests the higher the 
participation rate in workshops, the higher the degree of satisfaction 
increases a trend.

The participation degree in the workshop for each division is x as 
follows when the number of participants in the workshop of the division is 
n, the total number of workers in the division is m and the total number of 
times of workshops is k. The symbol figure is shown below:

																																								x=n/m*k	 (1)

In addition, in AFTER1 the trend is particularly noticeable, and in 
AFTER2 the lower the participation rate is, the higher the satisfaction 
increases (negative correlation). From this it can be expected that workers 
who joined the workshops are easier to adapt to the new workplace. It can be 
inferred that they did provide opinion at the time of workshops participation 
and the element was actually reflected in the layout.
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Table 4 Correlation between Participation Rate of Each Workshop By 
Department and Degree of Satisfaction of Each Item

Appropriate 
area is 

secured for the 
workplace

High workplace 
design

Ease of taking 
out necessary 

documents 
such as shared 

lockers

AFTER1 Average value 
(change amount)

3.13 (-0.58) 3.53 (-.0.04) 1.93 (-1.07)

Correlation 
coefficient

0.87 0.88 0.75

AFTER2 Average value 
(change amount)

3.56 (0.42) 4.00 (0.47) 2.78 (0.84)

Correlation 
coefficient

-0.52 -0.52 -0.58

5.2 Effect evaluation using behavioural observation 
survey

In order to grasp how to work from an objective viewpoint, the authors 
conducted behavioural observation survey of workers working at the target 
floor. Table 5 shows the summary of the survey.

Table 5 Summary of Behavioural Observation Survey
Item · Time and place sitting

· Conversation time and opponent and place
· Time on the phone

Term BEFORE:18 Oct 2016 at PM and 20 Oct 2016 at AM
AFTER1: 8 Mar 2017 at PM, 9 Mar 2017 at AM & PM and 10 Mar 2017 at AM
AFEER2: 19 Mar 2018 at PM, 20 Mar 2018 at AM & PM and 21 Mar 2018 at 
AM
(AM 9:00 a.m. ~12:00 p.m., PM: 13:30 p.m. ~17:15 p.m.)

Target Seiyo city office 4th Floor General Affairs and Policy Planning Department 
Working Floor

Method Fixed point observation was done by an investigator by visual observation. 
Recording was done with precision of 1 min, and the researcher entered the 
record result in the format. In addition, for actions carried out within 1 min, the 
researchers regarded as actions performed for 30 sec for convenience and 
recorded.

5.2.1 Average number of people stayed
Table 6 shows the average number of people staying per day for 
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each survey. Only BEFORE is 11.6 people, which is less 12 than AFTER1 
and AFTER2. Due to this result, the existence of a meeting during the 
investigation time was considered. In the case of a meeting during the 
survey time, In BEFORE, it had been held in a conference room where 
is not covered by the survey. However, in AFTER1 and AFTER2, space 
was set up to allow holding conferences in the working floor by changing 
layouts. Therefore, in AFTER1 and AFTER2 the average number of people 
staying has increased.

Table 6 Average number of people staying per day for each survey
Average number of people staying 
per day for each survey

BEFORE AFTER1 AFTER2

All Divisions 11.6 24.1 28.4

Division General Affairs Division 5.8 9.2 8.0

Town Planning Promotion Division 2.8 5.4 6.8

General Policy Division 1.4 3.3 8.9

Finance Division 1.7 6.2 4.6

5.2.2 Usage time by location
Figure 3 shows the usage time by place per day and the rate of change 

from AFTER1 to AFTER2. Both AFTER1 and AFTER2, Group Seat show 
the longest usage time, followed by Concentration Seat. In addition, the 
change rate showed an increase in the usage time in the Refresh Space, 
the Welcome Space, the Copier, and the Family Restaurant Seat. In the 
Refresh Space and the Family Restaurant Seat, scenes of personal work 
and light talks are watched, and it seems that the usage time has increased 
since workers started to use various ways between AFTER1 and AFTER2.

Fig.3 Usage time and change rate by place
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5.2.3 Conversation participation rate
 Figure 4 shows the average conversation participation rate per day 

for the entire floor and for each division. The above conversation participation 
rate is calculated by calculating the ratio of the number of participants in 
the conversation among the workers who stayed in the scope of the survey 
at a 15 min average. As a result, the conversation participation rate of 
AFTER1 and AFTER2 is increasing in all cases compared to BEFORE. 
In all cases, increase is confirmed from BEFORE to AFTER1, and in the 
General Affairs Division it only  increased to 1%, but in other divisions it 
shows a remarkable increase of 9% to 18%. Additionally, the change from 
AFTER1 to AFTER2 is divided, only 5% in the General Affairs Division. 
However, in other divisions it shows a decrease of 2% to 5%. From this, 
the General Affairs Division only shows a different movement from other 
divisions. As a factor, it is conceivable that only the general affairs section 
adopts the fixed seat system due to the difference in working system.

Fig.4 Average Conversation Participation Rate (All･Division)

5.2.4 Distribution of conversation time length
 Figure 5 shows the histogram of the length of conversation time per 

1 day. Overall, the conversation is the most numerous for 0.5 min, followed 
by 1 min, 2 min, 3 min in order. In addition, the shorter the conversation 
time overall, the more the number of conversations tends to be. Also, the 
number of conversations by AFTER1 and AFTER2 is increasing more 
than BEFORE. This is presumed to be due to the increase in conversation 
participation rate and the number of people staying on the floor.
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Fig.5 Distribution of conversation time length

5.2.5 Continuous Personal Working Time
The Continuous Personal Working Time is defined as the time for 

workers to work on individuals continuously without conversation and 
phone, and the histogram and the increase rate is shown in Figure 6.

Fig.6 Histogram and growth rate of Continuous Personal Working Time

In AFTER1 and AFTER2, 1 min of work is the most frequent, 
indicating frequent conversation and phone and short intermittent of 
working. In addition, the rate increases show a significant increase from 
BEFORE to AFTER1 and AFTER2, with an increase rate of 1 min and 
14 min of over 300%.  As one of the reasons for this, it suggests that they 
become conscious of the work style and they can clearly differentiate 
between short intermittent works separated by conversation and phone and 
personal work on concentration.

6. CONCLUSION

The researchers carried out workplace reform through 6 times user 
participation workshops and layout changes, and analysed worker’s 
awareness of the workplace environment and behaviour change using 



85

Workplace Reform with Changing Management    

questionnaire survey and behavioural observation survey.

Through the user participation workshops, the researchers proposed 
concept of work style and plan of renovation. In the questionnaire survey 
of 3 months after the workplace renovation, it shows that the opinions of 
the workers were divided between pros and cons against workplace reform. 
However, the survey of 1 year and 3 months after the renovation shows 
that almost all the workers are satisfied with the new environment. In 
addition, it was found that a positive correlation between participation rate 
of workshop and satisfaction. The findings suggest workshops is necessary 
for workplace reform. In the Observation Survey, it shows that worker select 
a place freely where they can work comfortably after workplace reform. For 
example, they work in refresh space. In addition, from the observation the 
rise of the conversation participation rate, made the whole floor livelier. As 
a characteristic of the work style for workers, the findings show the relation 
between the conversation time and the Continuous Personal Working Time.
The findings in the study illustrate that the Conversation time is the longest 
for less than 1 min, the shorter the conversation time, the more the number 
of conversations tended to show. The Continuous Personal Working Time 
were similar to the conversation time in a short time. However, after the 
renovation, it suggests that they become conscious of the work style. They 
can clearly differentiate between short intermittent works separated by 
conversation and phone and personal work on concentration.

The limitation of the research is the data accuracy of behavioural 
observation survey. Since the researchers conducted an observation survey 
visually by investigators, the researchers have the possibility of oversight 
and mistake of observation.

Finally, as a future prospect, it is necessary for future papers to 
clarify the impact of user participation workshops on workers and to study 
workshop methods suitable for workplace reform, such as how to organize 
workshops. 
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ABSTRACT

Rainwater that falls upon a roof surface which are collected and transferred 
to the storage facility for later use is a method known as Rainwater 
Harvesting	(RWH).	This	method	is	a	step	towards	conserving	the	public	
drinking water where the demand continues to grow worldwide. In 
Malaysia,	there	is	a	huge	potential	of	rainwater	harvesting	based	on	the	
available	rainfall	amount.	Even	so,	the	existing	RWH	design	guideline	in	
Malaysia	 lacks	 the	 technical	 specification	 regarding	 congruousness	 of	
RWH	installation	method	with	the	physical	characteristic	of	the	building.	
Therefore, systematic literature review and meta-analysis were done to 
identify	and	understand	the	suitability	between	the	types	of	RWH	installation	
system	with	the	building’s	physical	characteristic.	The	main	objective	of	
this	study	is	to	review	the	existing	articles	from	year	2000	to	the	present	
on	 the	 installation	systems	used	 in	RWH	for	non-potable	purposes.	The	
RWH	installation	system,	 types	of	building	and	building	characteristics	
used	in	the	previous	studies	will	be	evaluated	in	order	to	understand	the	
suitability	or	regularity	of	the	combinations.	This	review	uses	the	Preferred	
Reporting	Items	for	Systematic	Reviews	and	Meta-Analysis	(PRISMA)	as	
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reviewing method. The systematic review process involved four stages which 
are	identification,	screening,	eligibility	and	included.	The	sources	of	this	
review	are	Science	Direct	and	Google	Scholar.	Results	show	there	are	three	
types	of	RWH	installation	system	that	were	identified	namely	Gravity	Fed	
System	(GFS),	Indirect	Pumping	System	(IPS)	and	Direct	Pumping	System	
(DPS).	DPS	is	commonly	applied	for	non-potable	purposes	in	residential,	
commercial	 and	 educational	 buildings.	 Small	 yard	 area,	 sloping	 site	
condition	and	types	of	soft	landscape	will	affect	the	type	of	RWH	installation	
system	to	be	used.	The	result	can	be	used	to	determine	the	suitability	of	the	
RWH	installation	system	for	different	types	and	characteristics	of	a	building.

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

Keyword: Systematic Review and Meta-Analysis, Rainwater Harvesting 
(RWH),Installation	Systems,	Building	Characteristic,	Non-Potable	Use.
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1.0 INTRODUCTION

Water conservation is an important issue in sustainable buildings and a basic 
strategy in facing current water shortages (Taleb et al., 2011). The main 
factor that hinders the development of society and has a negative impact 
on urban development and the basic life of the population is the lack of 
water resources (Hashim et al., 2013). Among several options for water 
conservation in buildings, rainwater harvesting (RWH) is very attractive 
(Özdemir et al., 2011; Domènech et al., 2013). The RWH system is a simple 
method that uses scientific techniques to store rainwater that falls on the 
roof surfaces into the storage for daily use such as bath, laundry, toilets 
and garden watering. This method is also called roof water harvesting 
which involves the collection, storage and distribution process of collected 
rainwater. Rainwater harvesting system could reduce the dependency on 
main water supply. (Che-Ani et al., 2009). The rediscovery of these systems 
was driven by the high water tariffs, the scarcity of this resource and the 
effort of national and international associations that helped to disseminate 
RWH system implementation (Gouvello et al., 2014). RWH systems are 
becoming increasingly common in several locations around the world such 
as Germany, Australia, United States, Japan, China, India, Sri Lanka, Japan 
and Singapore have implemented the RWH system (Jones and Hunt, 2010). 
RWH is not new in Malaysia. This was confirmed by the Sandakan 
Municipal Council in 2008 stating that Sandakan had been practicing 
rainwater harvesting since 1984 due to the problem of treated water supply 
in the area. This has proven that Malaysia has the potential to implement 
the RWH System. This is supported by Salmah, and K. Rafidah through 
their study in 1999 revealing that Malaysia receives almost 3,000 mm of 
rain a year, which is a huge amount of rainfall.

From this study, several guidelines on RWH system which are normally 
used in Malaysia were identified. The guidelines are Urban Stormwater 
Management Manual for Malaysia (MSMA 2nd Edition) developed by the 
Department of Irrigation and Drainage Malaysia in 2012, Garis Panduan 
Sistem Pengumpulan dan Penggunaan Semula Air Hujan developed by 
Ministry of Urban Wellbeing, Housing and Local Government in 2013, 
Manual Rekabentuk Sistem Pengumpulan dan Penggunaan Semula Air 
Hujan (SPAH) developed by Ministry of Works Malaysia and NAHRIM 
Technical Report No. 2 developed by National Hydraulic Research Institute 
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of Malaysia (NAHRIM) in 2014. However, these developed design 
guidelines lack the technical specification regarding congruousness of 
RWH installation method with the building physical characteristic which 
is important to understand before RWH is planned and implemented. Thus, 
the objective of this systematic review is to evaluate the RWH installation 
system with the types and characteristics of buildings used based on previous 
studies in order to understand the suitability or trend of the system.

2.0 METHODOLOGY

The systematic literature review and meta-analysis approach were performed 
to analyse the installation systems used in RWH for non-potable uses together 
with the characteristics of building selected. Systematic literature review is 
a method used to identify and evaluate the available research information 
on given research question. This method can provide an overview of the 
particular field of knowledge and can also confirm the existence of research 
on the topic. It also be used to detect gaps in knowledge and areas that can 
be studied for future studies (Petticrew and Roberts 2008; Kitchenham 
2011). This study also used meta-analysis technique which is defined 
by DerSimonian et al. (1986) as a method to systematically combine the 
diversification of the similar qualitative and quantitative research data from 
selected studies to develop a single conclusion that has greater quality and 
statistical power.  As this study is reviewing the heterogeneity of the RWHS 
installation method and buildings in an effort to understand the selection 
pattern, thus the approach is pertinent in achieving the objective of this 
study. A study done by Bouma et al. (2016) regarding RWHS technology 
also used meta-analysis as a technique to understand the impact of the 
system to crop yield. In this study, all RWHS installation system applied in 
the previous studies were assimilated to understand the selection criteria. 
The result obtained from this approach can lead to an understanding of the 
suitability of the type of RWHS installation system with the heterogeneity 
of building physical characteristic.

The procedure adopted to perform this review was based on the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA). This procedure consists of the stages shown in Figure 1. In 
the first stage of PRISMA that is identification, two sources of electronic 
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databases were used that are Science Direct and Google Scholar. Science 
Direct database provides full-text scientific data published by Elsevier 
that is a scientific and medical publication company (Tober, 2011).  The 
web portal allows users to browse the world of scientific publications. 
The displayed search results in Science Direct database show the date of 
research published, the authors, the articles sources, the research title, the 
abstract of the research in systematic site design and quality writing style 
(Colepicolo, 2015). According to Tober (2011), the credible criteria for an 
electronic database include displaying the authors, published date, sources 
and high quality writing style and language.

Google Scholar is the academic version of Google that allow users 
to search scientific information such as books, journals and patents from 
multiple sources since the Google Scholar index includes various online 
academic books, journals, theses, conference papers, technical reports and 
other scientific information. Google Scholar also resembles subscription-
based tools, such as Elsevier’s Scopus and the Web of Science. (Falagas, 
2008). The title, authors, source, subject area and date of publication will 
be displayed in the search results. All the details meet the credible criteria 
highlighted by Tober (2011). However, according to Falagas (2008), this 
database is not updated frequently. Thus, only reliable articles retrieved 
from trusted sources were used in this review.

Additional record that is Project Report and Case Study of Rainwater 
and Greywater in Buildings by Department of the Environment, Transport 
and the Regions (DETR) of United Kingdom was included in this review.  
The report consists information on the system used for RWH, installation 
guidelines and several related case studies. Common issues regarding design, 
installation, maintenance and management of RWH were also included in 
the report. 

It is noteworthy that the classification of RWH system in this review are 
adapted from National Hydraulic Research Institute of Malaysia (NAHRIM) 
Technical Guide No. 2. National Hydraulic Research Institute of Malaysia 
(NAHRIM) has been aggressive in promoting rainwater harvesting in 
Malaysia. According to the NAHRIM official website, NAHRIM was 
established in September 1995 under the Ministry of Natural Resources and 
Environment (NRE). Through this study, among all the guidelines that have 
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been mentioned, only this guideline classified the types of RWH installation 
system clearly and in an orderly manner. Besides, this guideline is also 
the most recent of all the guidelines. The RWH system category stated in 
the NAHRIM Technical Guide No. 2. include Gravity Fed System (GFS), 
Indirect Pumping System (IPS) and Direct Pumping System (DPS). 

 The keyword search strategy or terms used in this review were 
‘rainwater harvesting installation system’, ‘rainwater harvest system for 
non-potable uses’, ‘roof-collected water system’ to mention a few. Only 
English published articles from the year 2000 until April 2018 are considered 
in this review.  All the identified articles were screened by their titles to 
remove the duplicate or similar articles found in the different database used. 
By reading the titles and abstracts, the irrelevant items for the defined issue 
such as RWH for irrigation purpose, RWH quality, RWH pollutants, RWH 
for potable uses, RWH potential for a city, RWH environmental impact, 
RWH life cycle cost, RWH material, RWH ancient technology, RWH 
energy intensity, RWH policy, RWH storage sizing, etc. are excluded from 
this review. 

The next stage is eligibility screening where all articles that have been 
filtered will be evaluated in full text eligibility screening. After full-text 
assessment, 58 articles were excluded due to certain reasons and only 18 
articles will be included for this review after considering several aspects. 
The exclusion and inclusion criteria are stated in Figure 1.

After the eligible articles are selected, the following data: authors, 
years of publication, countries where the studies were implemented, research 
strategy, research main objective, types of RWH systems used, harvested 
rainwater usage purpose, implementation status and their study results 
were extracted in each study. The building characteristic such as number of 
storey, yard area, site condition and landscape will affect the used of RWH 
installation system. Numbers of storey will affect the RWH system used 
(Zhang, 2009; Domènech, 2011). The criteria used for choosing the tank 
locations were based on the optimum ground area available, its conditions 
and surrounding vegetation (Angrill, 2012). The roots from surrounding 
trees can damage the underground structure (Biddle, 2012).  Hence, those 
characteristics also will be extracted. The extracted data were analysed by 
using Microsoft Excel 2010 and presented in graphical techniques. 
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Figure 1: Data Collection and Screening Flow Diagram Adapted from 
PRISMA, 2009.

3.0 RESULTS

3.1 Data Collection Countries and Types of Building 
Involved

A total of 18 publications and report were screened using PRISMA 
guideline and have been filtered according to the desired objectives to 
analyse suitable RWH installation system for non-potable use. The results 
of extracted data from previous studies are summarized in the tabulated 
form as shown in Table 1.

After the screening process, 18 publications and report have been 
reviewed from 10 countries from 6 continents around the world and 3 
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types of building have been identified. Through this review, three types 
of buildings used as case study for the RWH research were identified as 
shown in Table 2 where residential and commercial buildings show the 
same number of buildings that is 6 numbers that represent 32% of the total 
numbers of building. Educational building is the most widely used building 
as case study for RWH study that is 7 numbers of building (36%).

Table 2: Percentage of Types of Building Involved in Reviewed Studies
Building Types Percentage

Educational 36%
Residential 32%
Commercial 32%

3.2 RWH Installation System

The types of RWH installation system specified by NAHRIM that 
are Gravity Fed System (GFS), Indirect Pumping System (IPS) and Direct 
Pumping System (DPS) were analysed along with the types of buildings 
mentioned above (Figure 2). The purpose of this analysis is to understand 
the selection of RWH installation system with the type of building used in 
the previous studies. Result shows that for educational building GFS and 
DPS are mostly used (43%) while IPS is seldom used (14%). For commercial 
building, IPS is the most widely used (50%) while GFS moderately uses 
(33%) and the less popular system used is DPS (17%). Residential building 
shows the most widely system used is DPS (50%) followed by IPS (33%) 
and GFS (17%).

Figure 2: RWH Installation System Used in Different Types of Building
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Table 1: Summary of systematic review on RWH installation system 
extracted from previous studies

3.3 Building Characteristics

The building characteristics that have been determined in the 
methodology stage were analysed along with the types of RWH installation 
systems (Figure 3).  This analysis is to understand the trend or pattern 
between the characteristic of the building with the installation system of 
RWH. The result shows that type of building storey does not affect the 
selection of RWH installation system where all the system (100%) are 
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multi-storey building. Large yard area does not really affect the IPS (83%) 
and DPS (86%) selection but it does affect the GFS selection (17%). 
Opposite with the small yard area factor where GFS was affected (83%) 
by this characteristic but did not affect the IPS (17%) and DPS (14%). 
Flattest site condition does not really affect the RHS installation system 
because it can be applied (100%) to IPS and DPS, and (67%) for GFS. In 
this review, sloping site condition is only applied for GFS (33%) but none 
(0%) for IPS and DPS. The types of soft landscape at the building affect the 
RWH installation where large trees such as palms exist, where only GFS 
is applied (17%) and none (0%) for IPS and DPS. In the shrub landscape 
existence, IPS shows the highest application (83%), where DPS (57%) and 
GFS (50%) are moderately applied. In no landscape condition, GFS (33%) 
and DPS (43%) are moderately used but only few (17%) on IPS.

Figure 3: Building Characteristics Analysis

3.4 Implementation Status

The implementation status of the RWH installation system in the 
previous studies was also analysed to strengthen the results in terms of 
credibility factor of each installation system in RWH.  Systems that have 
been implemented are practically proven while implementation status at 
feasibility study stage has not been practically proven yet. As shown in 
Figure 4, IPS shows the highest percentage (83%) on implemented status 
and followed by DPS (57%). Meanwhile, all (100%) previous studies that 
applied GFS are still in the feasibility study stage followed by DPS (43%) 
and IPS (17%). However, the findings from all the previous studies show 
positive results (100%) to get the benefit from harvested rainwater (Figure 5).
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Figure 4: RWH Installation System Implementation Stages of Previous 
Studies

Figure 5: RWH Installation System Finding Result of Previous Studies

4.0 DISCUSSION

This review has revealed several RWS installation system used in various 
features and types of building together with the countries involved and the 
usage purpose of harvested rainwater cached. The results of this review 
have also discovered the attractive potential of RWH in saving the potable 
water consumption in a step towards a sustainable environment. There is 
restriction by year of publications in this review that will ensure only the 
latest installation system of RWH are included in this review which is one 
of the strengths of this articles. This study also includes the report from 
government regarding installed RWH in several locations which are the 
technical data taken from the actual situation of the building that has been 
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installed by the expert and the system effectiveness was proven. However, 
this review also has some limitations whereby only publications in English 
language were imposed and studies of RWH installation system from 
non-English-speaking countries may have been missed. This review also 
encountered some difficulties where only a few studies regarding RWH 
explained the installation system applied. There were a number of studies 
that focus on the economic feasibility of RWH, the quality of rainwater, the 
efficiency of RWH and the potential of RWH but none focus on the RWH 
installation system itself. 

Firstly, this review revealed there are three types of building that are 
commonly used to study the feasibility, potential and the efficiency of RWH. 
They are residential building, commercial building and educational building. 
The types of building classification is based on Ekholm, (2000).  Educational 
building was the most widely used type of building found in this review 
that is used as RWH case study site. As it is known, education campus is a 
large community that contains many buildings and many occupants and in 
such situation the use of water will be high. According to Anand and Apul 
(2011), the percentage or potable water used just for toilet flushing in office 
and educational buildings are higher since toilets and sinks are the primary 
uses of water in these buildings. Second, this review found that the GFS and 
DPS were the most common types of installation system used at educational 
building. This situation may be caused by the cost involved since GFS does 
not require pumps to distribute water to the distribution pipes because the 
header tank will distribute the water using the force of gravity. According 
to Tam et. al (2010), water pump is vital to provide adequate pressure to 
supply water for indoor use. Hence, this will reduce the operation cost and 
electricity consumption from using water pump (Cheng, 2002). Besides 
the selection factors of DPS are possibly caused by limited ceiling space 
and inadequate building structure strength since DPS only use underground 
rainwater tank. The size and location of water tank will affect the building 
structure and design. (Zhang, 2009). 

In contrast with the commercial buildings, IPS is the most widely RWH 
installation system used for this kind of building. IPS require a rainwater 
tank installed underground and also placed on the ceiling as header tank. 
The underground water tank installation requires high cost. Sub-surface 
or underground tanks which are usually associated with purpose-built 
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ground catchment systems will increase the construction cost (Tam, 2010). 
According to Melbourne Water (2007), underground tanks will require 
additional protection against surface run-off or groundwater entry, animal 
or human faecal material and soils which will result in increased installation 
costs. Underground tank presented the largest impacts of installation cost 
due to its higher energy consumption (Angrill, 2012). However, this is not 
a problem since commercial buildings often have a lot of capital. Besides, 
this system is also suitable to be used in high water demand building. This 
is supported by a previous study by Lani et. al (2018) that suggests large 
building resulted better reliable of RWH and also in terms of economic 
assessment compared to small building. In addition, residential building 
commonly used DPS and it is possible because the ceiling space and the 
structure strength are not suitable for other types of RWH installation system 
like IPS and GFS. 

Third, this review has identified the trend or relationship between the 
characteristic of the building with the installation system of RWH. Based 
on the characteristic analysed earlier, the most obvious features that can 
affect the types of RWH installation system are the size of yard area, site 
condition and soft landscape. 

Large yard area is suitable for all types of system while small yard area 
is only suitable for GFS where the rainwater tank is installed on the ceiling 
space. Flattest site condition is suitable for all types of RWH installation 
system while sloping site condition is not suitable for system that need 
rainwater tank to be installed on-the-ground or underground such as IPS 
and DPS. Thus, only GFS can be used in the condition. Last but not least, 
underground rainwater tank is not suitable to be used when the site has 
large trees such as palm trees. The reason is, the root from the plant can 
affect or damage the tank.  

Finally, this review analysed the implementation status of the studies in 
order to support or strengthen the credibility of the previous studies.  From 
all the published articles, only two implementation stages found, feasibility 
studies and implemented. Research at the feasibility study are conducted 
mostly to evaluate the possibility and feasibility of potable water saving 
while at the implementation stage, the efficiency of the installed RWH 
system is studied. However, from all the studies reviewed, all results show 
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that RWH can successfully reduce the potable water consumption especially 
for non-potable purpose.

5.0 CONCLUSION

This systematic review has demonstrated considerable heterogeneity of 
RWH installation system used for toilet flushing purpose. The pattern of 
RWH installation system applied in the different types of building also 
has been identified together with the relation between the characteristics 
of the building with the suitability types of the RWH installation system 
used. As for the conclusion, Direct Pumping System (DPS) is the most 
common installation system chosen in the Rainwater Harvesting (RWH) 
implementation. The result can be used to determine the suitability of the 
RWH installation system in different types of building and different site 
or building characteristics. Still, in-depth studies such as conducting a 
case study in buildings that have applied the RWHS can be implemented 
to practically analyse the relationship and improve the robustness of this 
finding.
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ABSTRACT

There	is	continous	debate	on	the	impact	of	house	quality	on	residents’	health	
and	well-being.	Good	living	environment	improves	health,	and	fear	of	crime	
is	recognised	as	a	mediator	in	the	relationship	between	physical	environment	
and health. Since minimal studies have investigated the relationship, this 
study	aims	 to	examine	 the	 impact	of	 the	house	quality	on	 fear	of	crime	
and	health.	A	total	of	230	households	from	a	residential	neighbourhood	in	
Malaysia participated in the study. Using structural equation modelling, the 
findings	indicate	that	housing	quality	and	fear	of	crime	can	account	for	a	
proportion	of	the	variance	in	residents’	self-rated	health.	However,	there	is	
no	significant	relationship	between	housing	quality	and	fear	of	crime.	Results	
also	show	 that	 fear	of	crime	does	not	mediate	 the	relationship	between	
housing quality and health. This study suggests that the environment-fear 
relationship	should	be	re-examined	theoretically.

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

During the last decade, there has been an increasing interest in the impact 
of neighbourhood attributes on health. The World Health Organisation 
(WHO, 1948, p.100) defined human health as “a state of complete physical, 
mental, and social well-being and not merely the absence of disease or 
infirmity”. Based on this definition, health has three interrelated dimensions 
including physical, mental and social. Although these three dimensions are 
interrelated and influence each other greatly, one can examine the impact of 
other variables on each of these dimensions separately. Besides, although 
physical health is important, mental health is one of the key dimensions of 
health that forms personal and social relationships. 

Evidence suggests that living in disadvantaged neighbourhoods has 
negative impacts on mental and physical health (Wallace, 2012). Stemming 
largely from the previous work on fear of crime and urban environment, it 
is clearly that the physical characteristics of the living environment could 
be related to perceived safety and security among residents (Hedayati-
Marzbali, Abdullah, Razak, & Tilaki et al., 2012). The neighbourhood is one 
of the several spaces that provide social and physical space for interactions 
between residents, which lead to greater sense of community. 

The recent increase in research on the effect of neighbourhood 
conditions on health indicates a rediscovery of the indirect manners 
in which neighbourhoods may have affected an individual’s health. It 
is proposed that a person’s health is influenced by a number of factors 
including the built environment and perceived neighbourhood safety 
(Lorenc et al., 2012). While neighbourhoods are regarded by policy makers 
as important social determinants of health (Browne-Yung, Ziersch, & 
Baum, 2016), the mechanisms linking neighbourhoods to health outcomes 
remain unclear. Despite the growth in neighbourhood-health studies, the 
impact of neighbourhood environmental quality on health related factors 
has received relatively little empirical research, especially in developing 
countries like Malaysia. While there are many factors that can influence 
personal health, this study focuses on the effects associated with visual signs 
in the neighbourhood environment. Studies of neighbourhood effects on 
health outcomes are predominant in Western settings, and are rarely done 
in developing countries (Hedayati-Marzbali, Abdullah, & Tilaki, 2016a).
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The purpose of this study is to examine the impact of house quality, 
as a neighbourhood environmental attribute, on neighbourhood health. 
Furthermore, the current study seeks to determine the mediating effect 
of fear of crime on the relationship between house quality and self-rated 
health. The study will address the extent in which the relationship between 
house quality and self-rated health varies based on perceived fear of crime. 
It emphasises on how residents perceive neighbourhood visual quality and 
consequently, the positive impacts of high quality on residents’ health and 
well-being. 

2 LITERATURE REVIEW

There is an increasing recognition that built environment may affect 
individual’s health. The broken windows theory, as originated by Wilson 
and Kelling in 1982, offers insight to public health. Wilson and Kelling 
(1982) pointed out the possibility of a specific neighbourhood having more 
unpleasant appearances created by signs of incivilities compared with other 
neighbourhoods. They further proposed that healthy places need to be well-
designed, well-built and functional. Broken windows are a signal that no 
one cares (Wilson & Kelling, 1982). The relationships between the study 
variables are explained in the following subsections.  

2.1 House Quality and Health

The quality of the home environment has a pervasive effect on the 
individual’s quality of life (Garcia, 2000). The surrounding environment of 
the home is also a vital indicator for people’s health and their meaningful 
interaction within the environment. Austin, Furr, and Spine (2002) found 
that housing quality has positive and significant relationship with resident’s 
perception of safety, while there is a negative relationship between 
victimisation and housing quality. The underlying assumption is the 
existence of positive impact of housing quality on residents’ perception of 
safety. Research further indicated that neighbourhood disorder is negatively 
associated with negative health outcomes (Hill, Ross, & Angel, 2005). 
Even though, Hill et al. (2005) examined the effect of disorder on health, 
the operationalisation of disorder scale is exclusively derived from items 
of reference social disorder. These items are good in indicating physical 
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disorder. However, these approaches may not always be appropriate in 
explaining items on health and well-being.  

Yet despite the continued academic interest of the broken windows 
thesis, this theory itself has received relatively little empirical research 
(Abdullah, Hedayati-Marzbali, Bahauddin, & Tilaki, 2015). The results 
of a study in the UK context contradict the broken windows thesis. This 
indicates that Wilson and Kelling’s hypothesis is not fully applied in the 
UK context (Stafford et al., 2005). Their findings highlight the influence 
of the residential environment on women’s health (Stafford et al., 2005). 

2.2 The Built Environment, Fear of Crime and Health

Fear of crime is a significant urban stressor that has harmful 
psychological effects on individuals. The effects of the built environment 
on individual’s fear of crime is not new. Shaw and McKay (1942) were 
among the first to point out the deleterious effects on individuals caused by 
signs of disorder. Wilson (1975) proposed that people were not troubled by 
crime only, but they can be affected by deteriorated conditions surrounding 
them. Studies also suggested that there is a link between physical design 
features and fear of crime (Hunter, 1987; Newman, 1972). 

Fear of crime is an important issue not only for individuals but also 
for neighbourhoods and wider societies because it affects community health 
(Abdullah et al., 2015). It restricts personal activities in the neighbourhood, 
increases dissatisfaction with the neighbourhood and reduces the overall 
quality of life (McCrea et al., 2005). The proponents of crime prevention 
by design strategies believe that physical factors diminish residents' fear 
of crime. This strategy shows the impact of neighbourhood factors on 
individuals' behaviour in protecting their households. 

There is no doubt that the built environment plays a significant role 
in facilitating both social and physical activities within the neighbourhood 
area. Poor neighbourhood conditions may contribute to physical inactivity 
and health disorders (Mathis, Rooks, & Kruger, 2016). However, recent 
studies have been inconsistent in establishing a casual pathway between 
fear of crime and health outcomes. 
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2.3 Research Hypotheses

The above discussions suggest that fear of crime is an important 
predictor of an individual’s health. The fear of crime may cause mental and 
physical health problems (Lorenc et al., 2012). Conversely, mental health 
problems may increase fear of crime (Jackson & Stafford, 2009). Meanwhile, 
the fear of crime may be influenced by factors in the built environment. 
The impact of built environment on crime and fear have been a focus of 
Crime Prevention Through Environmental Design (CPTED) (Abdullah 
et al., 2013; Lorenc et al., 2013), which emphasises natural surveillance, 
access control and maintenance as environmental attributes. Combining 
these pathways, it seems that fear may mediate the effects of environment 
on individual’s health (Lorenc et al., 2013). These discussions lead to the 
following research hypotheses, as shown in Figure 1. 

H1. There is a significant relationship between house quality and fear of 
crime. 

H2. There is a significant relationship between house quality and health. 
H3. There is a significant relationship between fear of crime and health.  
H4. Fear of crime mediates the relationship between house quality and 

health. 

Figure 1 The Conceptual Pathway between the Study Variables

METHODS 

3.1 Study Context

This article constitutes a portion of a larger study, which examined the 
physical characteristics of neighbourhoods and wellbeing of residents. This 
study was conducted in Penang, Malaysia, specifically in the southern region 
of Penang which has the highest level of residential burglary compared 
to other area in the island (Hedayati-Marzbali et al., 2011). Penang is the 
second largest city in the country and has the second highest density of 
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inhabitants per square kilometer. According to the Department of Statistics 
Malaysia (2010), the state of Penang has the density of 1,524 persons per 
square kilometer, but the Island part of the state (as the study area) has a 
density of 2,780 persons per square kilometer. Penang has experienced a 
rapid urbanization over the last decades. This rapid urbanization is linked 
to social and environmental concerns, especially on health and well-being. 
Therefore, the impact of physical and social aspects on health of citizens 
in such rapid growth of urban area needs to be examined. 

According to the Overseas Security Advisory Council (OSAC, 2016), 
the overall crime rate in Malaysia is designated as ‘medium’ in 2014 to ‘high’ 
in 2016 as compared to the U.S. national average. Based on OSAC (2016), 
there continued to be a noticeable increase in crime, including reported 
assaults and robberies, sometimes involving weapons, in Kuala Lumpur in 
2015. Although violent crime against expatriates is relatively uncommon, 
petty crime is fairly common and residential break-ins do occur and are 
becoming more frequent in landed houses (OSAC, 2016). 

This study utilises probability sampling based on a systematic 
sampling with random start method to select samples from the population. 
A team of interview staff was selected and trained to administer the field 
survey and walked between houses and conducted face-to-face interviews. 
Eligibility criteria for the study survey included: (1) residence in terraced 
houses, (2) length of residence at least one year, and (3) age of at least 18 
years. The survey response rate was 65%. The sample size for this study was 
230 samples from the total population of 1179 households. Table 1 shows 
the demographic characteristics of the respondents. The survey illustrated 
that 45.2% of the respondents were Malay, 43.5% Chinese, 10.4% Indian 
and almost 1% other races. 

Table 1 Demographic Characteristics of Respondents (N = 230)
Characteristic Description Frequency Percentage
Gender Female 134 58.3

Male 96 41.7
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Race Malay 104 45.2
Chinese 100 43.5
Indian  24 10.4
Others 2 0.9

Age 18-29 years 7 3
30-39 years 34 14.8
40-49 years 33 14.3
50-59 years 73 31.7
60 and over 83 36.1

Marital status Single, widowed or 
separated

24 10.4

Married and living 
as married

206 89.6

Ownership Owner 205 89.1
Tenant/others 25 10.9

3.2  Design and Data Collection 

The data for this study were collected through a cross-sectional survey. 
A questionnaire was distributed to administer the field survey. A sampling 
framework was developed from the list of all of the properties in the study 
area through on-site observation. In addition to providing details about 
themselves, respondents were required to indicate their level of agreement 
with the statements, on a 5-point and 7-point scales, for the questions that 
measured the key constructs. 

Fear of crime is the central concept for examining neighbourhood 
dynamics (Hedayati-Marzbali et al., 2016b). In this study, we measured 
fear of crime to examine its mediation role on the relationship between 
housing quality and health. This variable was derived from the question: 
in your everyday life, how worried are you about the following situations? 
The items were: (1) getting burglarised; (2) yourself or someone in your 
family getting assaulted; (3) having your car stolen; (4) having things stolen 
from your car in this neighbourhood; (5) being robbed or mugged on the 
street; and (6) having your property damaged by vandals (Foster et al., 2010; 
Hedayati-Marzbali et al., 2016a). The response categories ranged from 1, 
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‘extremely not worried’, to 7, ‘extremely worried’. The Cronbach’s alpha 
of the six items was 0.954, indicating good reliability. 

In operationalising the built environment in residential areas, studies 
have considered house quality as one of the main dimensions, that is also 
known as image and maintenance. The items employed in the study to 
measure house quality were adapted and modified based on Wilson and 
Kelling’s (1989) Broken Windows Theory (Hedayati-Marzbali et al. 
(2016b); Austin et al., 2002). There are six items measuring house quality 
based on a five-point Likert scale ranging from 1 (low quality) to 5 (high 
quality). The Cronbach’s alpha of the seven items was 0.897, indicating 
good reliability.  

Health was assessed using three general health questions. Three 
questions based on the work of Baum et al. (2009), Hedayati-Marzbali 
et al. (2016a), and Wallace (2012), were used to measure the self-rated 
health variable. The scale was constructed based on a 5-point Likert scale 
(1=very poor; 5=excellent). Self-rated health was measured by asking the 
respondents three following questions: (1) ‘Would you say that your mental 
health is poor, fair, good, very good or excellent?’; (1) ‘Would you say that 
your physical health is poor, fair, good, very good or excellent?’, and (3) 
‘How would you describe your overall quality of life?’. The Cronbach’s 
alpha of the three items was 0.608, indicating acceptable reliability.  

4 RESULTS AND FINDINGS

4.1 Outer Model Analysis  

The proposed model and hypothesis testing were conducted using 
Partial Least Squares (PLS) analysis with the SmartPLS M2 software 
(Ringle, Wende, & Will, 2005). Nonparametric bootstrapping (Wetzels, 
Odekerken-Schröder, & van Oppen, 2009) with 1,000 replications was 
applied to test the significance of the path coefficient between latent variables 
as well as between the latent variables and respective manifest variables. 
PLS makes no distributional assumptions, thus only non-parametric tests 
can be used to examine the explanatory power of the model (Chin, 1998).  
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Construct validity consists of convergent and discriminant validity. The 
convergent validity of the constructs was supported because factor loadings 
were above the 0.7 threshold (Hair et al., 2010). As such, more than 50% of 
the variance in the observed variable could be explained by the underlying 
construct (Hulland, 1999). The bootstrap test indicated that all loadings 
were significant at the bootstrap-based empirical 95% confidence interval 
suggesting that all indicators significantly reflect their underlying constructs. 

The average variance extracted (AVE) is suggested to have a value 
of 0.5 and above, which indicates adequate convergence. Because AVE 
exceeded the required 0.5 threshold, the constructs captured more than 
50% of the indicators' variance. CR estimates the degree to which the 
respective indicators reflect the latent construct. A value of 0.7 and above 
is suggested for composite reliability and represents good reliability (Hair 
et al., 2010; Kline, 2010). With respect to discriminant validity, the root 
of AVE should surpass the correlation coefficient of the construct with 
every other construct in the model (Fornell & Larcker, 1981) and this was 
the case in our model. The results further show that none of the items has 
multiple cross-loadings, which suggest preliminary discriminant validity. 
Results show that the values were above the recommended value points, 
thus ensuring achievement of construct validity. Therefore, each construct 
shares more variance with its own block of indicators than with another latent 
variable representing a different block of indicators. In sum, these results 
provide support for the overall quality of the reflective constructs' measures. 

The discriminant validity was examined using the criterion suggested 
by Fornell and Larcker (1981). The result shows that the square root of the 
AVE exceeded the inter-correlations of the constructs in the model. This 
result suggests that the measure had adequate discriminant validity. 

4.2 Path Estimates and Hypotheses Testing

In the next stage, path analysis was performed to test the four 
hypotheses generated for this study. Since the outer model evaluation 
provided evidence of reliability and validity, the inner model estimates were 
examined to assess the hypothesised relationships among the constructs in 
the conceptual model. The standardised path coefficients and significance 
levels provide evidence of the inner model’s quality (Hair et al., 2012) and 
allow researchers to test their proposed model. House quality was positively 
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related to health (β= 0.232, p<0.01). Consistent with other studies conducted 
on the relationship between neighbourhood environmental conditions and 
health, the findings of the current study support the notion that enhancing 
exterior house maintenance and quality of the surrounding environment in 
residential areas would increase residents’ self-rated health (e.g. Jackson 
& Stafford, 2009; Wallace, 2012). 

As shown in Figure 2, a negative relationship was found between 
fear of crime and self-rated health (β= −0.340, p<0.01). However, the 
relationship between house quality and fear of crime (β= −0.029, p>0.05) 
was insignificant in this study. The results indicate support for H2 and H3 but 
not for H1, as shown in Figure 3. The results also reveal that approximately 
17% of the variance in health is explained by house quality and fear of 
crime (R2=0.174). According to Chin (1998), based on the R2 index, the 
explanatory power is weak. 

The results further indicates that individuals who perceived high fear 
of crime in the residential environment, reported their personal health lower 
than those reported low fear of crime. This is consistent with the findings 
of other studies (Chandola, 2001; Hedayati-Marzbali et al., 2016a). It was 
also hypothesised that when residents perceive themselves in an untended 
area, local control fails and fear of crime increases. However, contrary to 
what was expected, first hypothesis, that established a negative relationship 
between house quality and fear of crime was not supported. This suggests 
that the relationship between house quality and fear of crime in the study 
area remains unclear. 

In addition to direct relationships, this paper estimates the indirect 
relationship between house quality and self- rated health as shown in Figure 
2. To estimate the significance of the indirect effect, many researchers 
employed the Sobel test (Sobel, 1982). One limitation of the Sobel test 
is that it requires a normal sampling distribution of the indirect effect 
(Hayes, 2009), whereas the indirect effect (ab) sampling distribution tends 
to be asymmetric with non-zero values for skewness and kurtosis (Stone 
& Sobel, 1990). 

Hayes (2009) suggests the use of bootstrapping procedure as an 
approach to test the indirect effects. The t values for both direct and indirect 
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effects were computed through a bootstrapping procedure with 230 cases 
and 1000 samples. It should be noted that the t values for indirect effects 
are obtained by dividing the ab by the standard error (SE) of the indirect 
effect. The SE is the standard deviation of the repeated bootstrap estimates 
of the indirect effect. The result showed that the t value of indirect effect 
(t=0.248) is less than 1.960 and insignificant at the 0.05 level. Therefore, 
the result does not support H4. 

Figure 2 The Parameter Estimates of the PLS Analysis (β)

Figure 3 The Parameter Estimates of The PLS Analysis (t value)

5  CONCLUSIONS 

Historically, health-related concern was one of the major planning initiatives 
all over the world. Despite the continued interest and the influence of 
neighbourhood social and physical conditions on criminological literature, 
the indirect pathway between the neighbourhood conditions and health 
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through fear of crime has not received empirical support, and most of the 
existing studies have been criticised for their methodological shortcomings. 
Until recently, this area of research was understudied in criminological 
literature. In 2001, Chandola attempted to uncover the impact of area 
differences in health outcomes across the UK and found the significant role 
of fear in health outcomes. To fill this gap, the current study examined the 
mediation effect of fear of crime on the relationship between house quality 
and self-rated health. 

This empirical paper examined the relationships between house 
quality, fear of crime and health in a Malaysian city, an important strength of 
the study, given the predominance of the U.S. and some European contexts, 
but little research is done on the topic, using SEM to test a mediation model. 
A field survey of a systematic random sample of Penang residents in a 
residential neighbourhood was used to examine the indirect relationship 
between house quality and health. It is obvious that interventions involving 
changes to the neighbourhood physical environment may be a promising 
way to address fear of crime in residential settings, and the broader health 
and well-being outcomes. The notion is that environmental changes can 
contribute to addressing the macro-level determinants of health behaviours, 
not only in deleterious areas, but also across all settings (Lorenc et al., 2013). 
However, this area of research has received less attention in the field of 
place-based crime prevention. 

The current work suggests that tangible benefits to residents in the form 
of improved environmental conditions are possible which may create safer 
communities to play, work and live and improved health and well-being. 
A safe community is a liveable community, where residents can go about 
their routine activities in an environment without fear. Without denying 
the importance of physical health, positive mental health is increasingly 
recognised as an important aspect of public health and may be affected by 
good living environment. While some researchers examine how physical 
or mental health is independently related to fear of crime, most studies 
focus on both categories. The current study measured both physical and 
mental health on the basis of self-rated health. However, contrary to the 
expectations, fear of crime does not mediate the relationship between 
environmental conditions and health outcomes (e.g. Chandola, 2001; Lorenc 
et al., 2013). The findings of this study contradict stereotypes presented 



121

The Impact of the Physical Environment on Residents’      

in previous studies which may refer to mixed-racial composition of the 
study samples. This is in agreement with the social disorganisation theory, 
which suggests that neighbourhood structure and social processes have 
greater impact on crime and fear, and consequently on health outcomes. 
The results of the study influence community planning and design decision 
makers. Additionally, disorder signs send a message to residents that things 
are getting out of control. Therefore, the physical upkeep and maintenance 
of the individual private properties may enhance the potential for physical 
activities within an area, which help increase social contact. 

5.1 Limitations and strengths

Although the present work extends prior neighbourhood-health studies, 
some important limitations are worth noting. Firstly, the study focuses on 
the relationship among house quality, fear of crime and health and does 
not address the effect of environmental conditions at the neighbourhood 
level. The study would be useful for future work that includes testing the 
mediating role of fear of crime at both household and neighbourhood levels. 

Many factors such as physical and social vulnerabilities notably 
influence the perceived fear of crime, and consequently health outcomes. 
In addition, failure to control age and gender as physical vulnerabilities is 
the second limitation of this study. On the one hand, a stream of research 
focusing on fear of crime seeks to indicate that women and the elderly are 
more physically vulnerable and more likely to report higher levels of fear 
of crime than their counterparts. On the other hand, social vulnerabilities 
such as the poor, less-educated people and ethnic minorities may perceive 
higher levels of fear than other counterparts (Taylor & Hale, 1986). These 
factors are important because finding from a previous study showed the 
influence of the residential environment on women’s health but not for men 
(Stafford et al., 2005).

The empirical illustration of the present study on the use of PLS path 
modelling constitutes only a single study with limited generalisability. 
However, the main point of the study is health and well-being could be 
enhanced, as one urban policy of the day, by manipulating the physical 
environment. Meanwhile, fear of crime may be a barrier to improve 
individual’s health in residential settings. Therefore, policy makers and 
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practitioners should support fear-reduction initiatives through design 
manipulation. 
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