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is aimed to identify the ranking of root causes and to classify the root causes into their
respective categories using Factor Analysis approach. The opinions of construction
practitioners on the 53 root causes of construction waste generation were collected using
questionnaire survey. A total of 217 questionnaires were collected from construction
practitioners who are based at site. The data analysis was carried out using Average
Index and Exploratory Factor Analysis (EFA) via Statistical Package for the Social
Sciences (SPSS). The Average Index analysis determined the highest ranking root
causes which is ‘lack of efficient site management’ with average index of 4.576. Next,
EFA classified the 53 root causes into 5 categories namely design and documentation
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account for an extreme share of all types of waste
1. Introduction generated worldwide. This sort of waste normally in the

range of 15% to 40% of various types of waste [3-
Construction industry contributes as a strategic part in g According to Begum et al.,[7] and Rahim et al.,[8],

rapidly developing as a result of upgrading in way of  ayery year in Malaysia. Most of the construction waste

life, demands of infrastructure pro-jects, changes in  are recyclable and reusable, however most of the waste
consumption habits, and increment in population 46 ysually dumped in landfill [9].

[1].The  construction  industry is  generally
environmentally unfriendly [2]. Construction waste
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Although government policies mandating reduction of
construction wastes, most of the construction
companies do not implement comprehensible waste
management plans at construction sites in Malaysia.
The reason is lack of information on the root causes
which generates construction waste and its tools for
reduction has not been establishedThis industry
contributes significantly to environmental problem in
term of natural resources exploration, irreversible
transformation of the natural environment and
accumulation of pollutants in the atmosphere [10].
Data on construction waste generation at sites is tough
to obtain because there is lack of coherent
documentation relating to waste management in most
construction firms and also due to confidentiality
concerns [11]. As the first step to resolve the concern
in any country, the root causes of construction waste
generation should be identified as pointed out by
Kaliannan et al. [12] and Poon et al [13].

The developed countries have dedicated extensive
effort to discover such root causes, however developing
countries are still lagging behind in determining the
main sources of waste generation as indicated by Yuan
& Shen [14] and Nikhmehr et al. [15]. Construction
waste was generated all through the construction
progress, for example, amid site clearance, material
damages, material utilize, material non-utilize,
overabundance acquirement and human blunder [16].
Hence, the aim of this paper is to identify the ranking
for the root causes of construction waste generation in
the industry, as well as to classify the categories of root
causes acquired.

2. Construction Waste

The idea of waste is specifically related with the trash
expelled from the site and discarded in landfills. Direct
waste consists of a complete loss of materials, due to
the fact that they are damaged or lost. Chen and Lu [17]
stated that construction waste, is defined as the surplus
and damaged products and materials that arise from
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construction, renovation, demolition, and other
construction activities. Besides, Menegaki and
Damigos [18] defines construction waste as material,
including inert waste, non-inert non-hazardous waste
and hazardous waste, generated from construction,
renovation, and demolition activities. To sum it up,
construction waste is defined as material which is
unwanted, damaged and unused without value
generated at a construction site.

2.1. Previous research work: Categories and root
causes

Previous researchers has classified the root causes into
various categories as shown in Table 1.

Table 1.Categories of construction waste root
causes

No. of
Categories

Refe
renc
es
[19]

Categories

Transportation and storage, 2
Procurement
Material management on-site, 3
Material handling
transportation and storage,
Site management and
practices
Design,
Material
Construction
Design, Procurement, 5
Material, Operation, Others
Design and contract 6
documents, Site management,
Procurements, Storage and
handling of materials,
Workers and supervision, Site
conditions and  external
factors.
Transportation,
Production  of

[20]

Procurement, 4
handling,

[21]

[22]

[23]

[24] Processing, 6

defective
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product, Overproduction,
Material handling, Inventory
Design, Handling, Worker, 7
Management, Site condition,
Procurement, External
Design and contract 7
document, Procurement,
Handling, Storage, Workers,
Site management and
supervision, External

Design & documentation, 8
Materials procurement,
Materials management on
site, Materials  handling,
storage & transportation, On-
site operations,
Environmental  conditions,
Site management & practices,
Site supervision
Procurement,
Material

[25]

[26]

[27]

[28] Design, 9
handling,
Operations, Weather,
Vandalism,  Misplacement,

Residual, Others

Table 1 indicates that there are various number of
categories ranging from 2-9. Most of the categories has
been divided according to design, material, site
management, workers and procurement. The categories
of root causes will aid in controlling the number of root
causes in a systematic way. The categories identified
from previous literature will support this research to
classify the acquired 53 root causes into an acceptable
series of groups. The list of 53 root causes which were
identified from previous research work are presented in
Appendix A.

3. Research Methodology

The exploration of this research is divided into 2
phases. The first phase includes extensive literature
review after which 53 root causes contributing to
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construction waste generation were verified by the 36
construction expertise during pilot study stage. The 53
root causes passed the validity and reliability test with
alpha cronbach’s more than 0.7 where the data has high
internal consistency. In the second phase, a
questionnaire was developed. The questionnaire
comprises of three parts, demography of the
respondents, root causes of construction waste
generation rate and construction waste generation rate
in Malaysian construction industry. In this study, the
layout of the questionnaire is set based on the Likert
rating scale, where the scale ranges from not significant
to very significant [29,30]. It is then distributed via
online survey, e-mail and site visit to construction
practitioners (clients, contractors and consultants) who
are working at construction sites. Each respondents
were asked to answer according to significant level of
the root causes for the environment of Malaysian
construction industry. A total of 500 questionnaires has
been distributed and 278 were received with response
rate of 55.6%. The data received were screened and
keyed into SPSS which left with 217 valid respondents.
The average index, standard deviation and factor
analysis were computed through Statistical Package for
the Social Sciences (SPSS) and is depicted in Table 2
and Table 3.

4. Data Analysis

Figure 1 displays the respondents’ organization.
Majority of the respondents are contractors with 86.6%
(188 out of 217). The opinions of contractors are
considered important as they are the ones who are
specified at construction site and have better insights
about the root causes of construction waste generation.
Besides, 9.7% (21 out of 217) of the respondents are
from clients whereas 3.7% (8 out of 217) are from
consultants. Clients’ and consultants’ inputs are
crucial as well because they are also having worthy
involvement in construction industry field.
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Figure 2 exhibits the number of respondents and their
correspond-ing working experience. The majority,
20.7% (45 out of 217) of the respondents have 11-15
years of experience in the construction industry. The
percentage of respondents with experience from 6 -10
years, 16 — 20 years and 21 - 25 years are similar which
is 18.9% (41 out of 217). 6.9% (15 out of 217) of the
respondents have more than 26 years of experience.

Organisation of Respondents

# Contractor
B Consultant

Client

Fig 1: Organization of respondents

Working Experiences of
Respondents
W <5 years
m6- 10 years
w11 -15 years
16- 20 years
W21 -25 years

> 26 years

Fig 2: Working experience of respondents
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Hence, the total number of respondents with experience
more than 10 years in the industry is about 65.4%. This
shows that majority of respondents are highly
experienced and vastly knowledgeable in Malaysian
construction industry.

4.1. Average Index Analysis: Ranking of Root
Causes

The average index of each root cause of material waste
generation is presented in Table 2. Result analysis
showed that the root causes with the highest average
index for generation of waste in Malaysian construction
industry is ‘Lack of efficient site management’ with
average index of 4.576. Site management and
administration is a task drift according to the project’s
timeline [31-33]. Teamwork should be incorporated for
an efficient site management plan [34, 35]. This
includes managing scope, issues, risks, communication
and the work plan. The weakness in site management
can cause various material wastages at site such as
concrete, metal, sand, timber will be generated. This
root cause is one of the main contributors to
construction waste generation.
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Table 2. Ranking and Average Index of Root causes

Published by: The Mattingley Publishing Co., Inc.

Rani Avera | Std. Riii Avera Std.
Code Root Causes ge Deviati Code Root Causes ge Deviatio
k k
Index | on Index | n
1| RC2 LA ot elliseatini 4576 |o060s |28 [EC Political involvement | 3.853 | 0.762
management 9
Supervision during RC4 5 Jomages Causpd )
2| RC1 pen T 4355 | 0.987 29 2 third parties at construction | 3.848 0.776
construction stage is poor 5 site
3| re3 ~ Last minute changes due to 4350 0.780 30 30: Effect of weather 3839 0.803
client requirements 4 condition
Constant design changes RC1 R
4 | RC5 R 18 S 4272 0.790 31 A unloading materials at 3.834 0.839
uring construction period 5 i
construction site
Lack of Building
RC1 Planning of technical team at ? 2 RC5 | Information Modelling 203 a
s 4 7
18 site is weak 4263 0:136 52 3 (BIM) usage for design i3 835
work
Late information flow among ; .
6 | RCS | all parties involved in the project | 4258 | 0750 |33 | K¢ Inalesuate tights 3829 | 0747
3 provided at night
causes redundant of work
7 RC3 vLack of environ tal 1244 0.704 34 RCH Tnadequate security at 3816 0728
0 awareness by the site team 1 construction site
3 502 Inadequate storage place at 2217 | 0836 35 RC6 Unsuitable tools used 3806 | 0.897
project site during construction stage
0 501 Lack of" co_ord}natlon among 4212 0.794 36 E{C3 Occurrence of accidents 3.802 0823
parties involved in the project ] at site
2 P Material stored wrongly
10 |RG3 Insufficient training for 4307 |08 |37 | Bl | eved tiough siorage is 3797 | 0.945
5 workers by the employer 7 & =
% allocated
P - Lack of possibility
i |4 Mantajpesiisal il teclmical 4203 | 0831 |38 | RCY | ordering small quantityof | 3.793 | 0.876
2 team at site at less experienced P
materials
5 : n Breakdown of
|5 Oxdeving brore by fie 4129 | 0823 |39 | RS | equipment during 3.788 | 0.888
procurement staff 2 3 g oared
concreting work
% RC1 Improper way of material F ; RC2 Inaccurate material =
13 0 handling by the workers 4065 | il 4 1 delivery procedures 365 | MERES
[T Error during installation 4028 |o0si0 |41 |RC2 Unforeseen geological | 3 75, [ 9812
0 2 conditions
5 Design errors due to
5 (2% Language problems among 3982 | 0828 |42 | BC% | careless ofinexperienced | 3751 | 0.851
1 foreign workers and Malaysians 3 designer
RC4 Human mind set of ignorance = = - RC1 Design produced by 2747 e
16 8 of construction practitioners 3L | 998 2 9 consultant is complex 31 1%
RC1 Rework due to RC2 Damage of materials
17 1 miscommunication among 3972 | 0.775 44 5 during transportation by 3.742 0.961
engineers and workers the supplier
13 RC2 Poor workmanship by the 3063 0.804 45 RCI Usage of wrong 3728 0.884
4 workers 3 material
; eroin = Error in shipping of
19 |RC4 | Frequentvariationordersdue | 349 | 917 |46 | RC? | materials to differentsite | 3.724 | 0.906
0 to carelessness 2 locati
ocation
20 RCT . Unsatisfactory attitudes of 3.040 0.845 47 E{C?. ‘.\i'lsi:alcu%at'wn n 3710 0.822
workers ] quantity surveys
S : Abandonment of
2t |5 | i ereetan dume 3931 0844 |48 | B2 | material onsite without | 3719 | 0.876
construction process 6 ‘
proper waste control
S : - Ttems ordered are not in
22 | RC4 Cutting uneconomical sizesof | 395) | 9g78 |49 | B2 | compliance with 3714 | 0919
materials 3 t o
specification
a RC3 Incomplete mmformation 2 s RC3 Improper design quality 214 0.
- 3 provided in the drawing TR || il 2 8 produced by consultant A | 5s
g [ Inventory of material not 3866 | 0869 |51 | o4 Matena's suppliedin | 3 506 | 9 902
6 according to site condition 2 untied form
b Vandalism 3857 [o7m2 |52 [ RC! Foar quality of 3668 | 0.908
4 4 materials supplied
26 504 Designing without considering 3.857 0.807 53 RCS Less usage of pre- 3622 0.895
] wastage 1 fabricated materials
- RC1 Improper construction methods | .
27 6 applied by the workers 3853: |08%
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4.2. Factor Analysis: Categorisation of Root Causes

Factor analysis can be used to test the construct validity
of a questionnaire [36]. If a questionnaire is construct
valid, all root causes will signify the underlying
construct well. Hence, factor analysis condenses the
root causes into its appropriate categories. The impact
of various root causes are calculated (Factor loadings)
and the root causes grouped into their corresponding
categories. The number of groups extracted should be
able to explain the maximum amount of variance in all
the root causes. An exploratory factor analysis was
performed and the root causes are grouped into 5
categories. Root causes and their factor loadings are
presented in Table 3. Factor analysis is performed to
find out factor loadings or weightage of each root
cause. In order to achieve this, factor analysis was
carried out for the purpose of substituting the 53 root
causes with a small number of practices that are capable
of providing root causes of construction waste as the

May-June 2020
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whole list of measures. Usually, factor analysis is
carried out through four steps, which are a test for
reliability of data, Kaiser-Meyer-Olkin measure of
sampling adequacy (KMO) & Bartlett's test of
sphericity, factor extraction and factor rotation [37]. A
group is a linear combination of root causes. It is a
construct which is not directly observed but needs to be
inferred from other input root causes.

4.3. Reliability analysis

The internal consistency of items in the questionnaire
is measured using Cronbach’s alpha, whose value is
calculated in this study, using SPSS. The Cronbach’s
alpha value is charted in Table 4. According to
Kaliannan et al. [12], if Cronbach’s alpha value is
higher than 0.7, the inner consistency of data is highly
acceptable.

Table 4. Cronbach’s Alpha value for each category

Category

Design and
Documentation

Project Management

Material and
Equipment

Human Resource

External Root Causes

Cronbach's N of
Alpha Items
0.894 7
0.889 12
0.895 16
0.891 9
0.878 9

Hence, based on Table 4, the cronbach’s alpha value for
all the categories are more than 0.7 which shows that
the data for this study is reliable and valid.

Published by: The Mattingley Publishing Co., Inc.

4.4. Kaiser-Meyer-Olkin measure of sampling
adequacy (KMO) and Bartlett's test of sphericity

The primary step in factor analysis is to check Kaiser-
Meyer-Olkin measure of sampling adequacy (KMO)
and Bartlett's Test of Sphericity of the data. KMO
checks the adequacy of data for running factor analysis.
The value of KMO ranges from 0 to 1. Greater the value
of KMO, more appropriate is the sample for performing
factor analysis. Hof [38] stated that values greater than
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0.7 as acceptable and good. Whereas, Bartlett's Test of
Sphericity tests the null hypothesis of the correlation
matrix. It tests whether the correlation matrix is an

identity matrix or not. If it is an identity matrix, then
factor analysis becomes irrelevant. Acceptable
significance values should be less than 0.05.

Table 5. KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's Test of Sphericity Approx. Chi-Square

0.815
6018.457

The results calculated provides valid values of KMO
and Bartlett's Test of Sphericity and are shown in Table
5. The KMO value is 0.815 where it shows that the

Factor extraction is performed in two ways; one method
IS by choosing Eigen values and other is by using scree
plot or combination of both. According to John &

sampling is adequate whereas the significance value is
0 which is acceptable for this study.

Brendan [39], the scree test is performed by searching
for an “elbow” in the plot, or an abrupt transition from
large to small eigenvalues. Maskey, Fei & Nguyen [40]
suggested choosing root causes with Eigen values

4.5. Factor extraction greater than 1.

Seres Piot

Eiganyabit

-

-
pen s | e

Companant Mumbar

Fig 3: Scree plot

The scree plot is a graph between Eigen values and 4.6.  Factor rotation
component number Figure 3 shows the graphical

] The interpretability of the root causes were enhanced
representation of extracted root causes.

by using the rotation technique. Rotation maximizes the
loading of each variable on one of the extracted root
causes and minimizes the loading on outstanding root
causes. This ensures that the transformation matrix for
the retained five (5) categories have some measurement
root causes load high on the category while some of the
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measurement root causes load low on the category. In  orthogonal factor rotation was carried out using
order to determine the number of key categories that Varimax method.
will suitably represent the whole root causes, the

Table 3. Rotated Component Matrix

Component
. Desi
Code Root Causes g inment Management Resource esign &
Category Category |Category Category imentation
Category
RC42 | Materials supplied in untied form 0.818
RC26 Apandonment of material on site 0.774
without proper waste control
RC23 Ite_zms orQe_red_are not in compliance 0.773
with specification
RC14 | Poor quality of materials supplied 0.757
RC25 Damage _ of materla_ls during 0.649
transportation by the supplier
RCY Lack. of poss@hty ordering small 0.638
quantity of materials
RC36 I|.1ventor3./ .of material not according to 0.634
site condition
RC15 Ineff|<_:|ent methods_ of unloading 0.585
materials at construction site
RC13 | Usage of wrong material 0.583
RC21 | Inaccurate material delivery procedures 0.569
RC32 E.rror in .shlpplr?g of materials to 0.566
different site location
RC17 Materlgl stored wrongly even though 0.555
storage is allocated
RC52 Breakdgwn of equipment during 0529
concreting work
RC4 | Cutting uneconomical sizes of materials 0.525
RC6 Unsunabl_e tools  used  during 0.485
construction stage
RC51 | Less usage of pre-fabricated materials 0.459
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RC1 Supervision during construction stage is 0.784
poor
RCS5 Constant_ deS|gn changes  during 0.781
construction period
RC29 | Inadequate storage place at project site 0.697
RC3 Last- minute changes due to client 0.680
requirements
RC12 !_ack of _coordlnaFlon among parties 0.677
involved in the project
RC1S Planning of technical team at site is 0.661
weak
RC39 Managemen'F and technical team at site 0.647
at less experienced
RC35 Insufficient training for workers by the 0.640
employer
RC30 Lacl§ of environmental awareness by 0.640
the site team
Late information flow among all parties
RC8 | involved in the project causes redundant 0.621
of work
RC2 | Lack of efficient site management 0.597
RC28 Ordering errors by the procurement 0.580
staff
RC16 Improper construction methods applied 0.782
by the workers
RC40 Frequent variation orders due to 0.780
carelessness
RC7 | Unsatisfactory attitudes of workers 0.760
RC50 | Error during installation 0.756
RC11 Rework d_ue to miscommunication 0.744
among engineers and workers
RC24 | Poor workmanship by the workers 0.743
RC20 Fault of workers during construction 0.735
process
RC10 Improper way of material handling by 0.682
the workers

Published by: The Mattingley Publishing Co., Inc.
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Language problems among foreign

RC31 workers and Malaysians

May-June 2020
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0.568

Human mind set of ignorance of

RC48 . o
construction practitioners

0.758

RC41 | Inadequate security at construction site

0.758

RC22 | Unforeseen geological conditions

0.750

RC46 | Inadequate lights provided at night

0.745

Damages caused by third parties at

RC45 . .
construction site

0.735

RC34 | Effect of weather condition

0.733

RC49 | Political involvement

0.701

RC44 | Vandalism

0.669

RC37 | Occurrence of accidents at site

0.654

Improper design quality produced by

R
Ce consultant

0.830

RC27 | Miscalculation in quantity surveys

0.811

Design errors due to careless of

RC43 | . . .
inexperienced designer

0.789

RC47 | Designing without considering wastage

0.783

Lack of Building Information

R . :
cs3 Modelling (BIM) usage for design work

0.778

Design produced by consultant is

RC19
complex

0.758

Incomplete information provided in the

RC33 .
drawing

0.659

5. Conclusion

The highest ranked root causes generated from this
study is ‘lack of efficient site management’ with
average index of 4.576. Based on factor analysis
(rotated component matrix), the 53 root causes are
grouped into 5 categories. Finally, the categories were
sorted and labelled according to the character of the
root causes in that category where ‘design and
documentation’ category consist of 7 root causes,

Published by: The Mattingley Publishing Co., Inc.

‘project management’ category comprise of 12 root
causes, ‘human resource’ category contains 9 root
causes’, ‘material and equipment’ category has 16 root
causes and ‘external category holds 9 root causes.
Once, the root causes are classified into their respective
categories, next structural equation modelling analysis
can be proceeded in order to explore a new relationship
by using the root causes of construction waste
generation.
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