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ABSTRACT

BUILDING COST ESTIMATION MODEL BASED ON COST
SIGNIFICANT ELEMENTS OF HIGH-RISE CONDOMINIUM
PROJECTS IN KLANG VALLEY MALAYSIA

Lim Cheng Sim

In Malaysia, pricing each single item of bills afamtities to predict the cost of
construction projects in the detailed design phsstill the most widely used
traditional cost estimating technique. Howevers tkechnique has become
ineffective in accuracy because of its dependencyhe level of the project
data source and is time-consuming due to the tedess of pricing large
numbers of small work items. Some overseas resea tlave developed cost-
significant estimation models but there is no ssitldy in Malaysia, not even
on construction industry stakeholders’ awarenessthid alternative cost

estimating technique. Therefore, this research @itoeevelop a building cost
estimation model based on the cost-significant eld@s (CSEs) of high-rise
condominium projects (HRCPs) to aid building coativas and consultant
quantity surveyors (CQSs) to substantially redireetime and effort spent on
cost checking during the tendering period. Threseaech objectives were set:
RO1 to determine the building contractor's and CQIgsels of cost

significance awareness of HRCPs in Klang Valley,2R® appraise the CSEs
of HRCPs in Klang Valley; and RO3 to develop a duig) cost estimation

model based on the CSEs of HRCPs in Klang Valleythls study, a survey

guestionnaire was used to achieve RO1 and casestwdre used to achieve



RO2 and RO3. The results showed that the levelsast significance
awareness of HRCPs were low for both building amtors and CQSs. The
CSEs were appraised successfully, and the cosfisart model has been
successfully developed using six historical prge€he model was tested
using two similar projects and achieved an accucd®8% to 99%. Since the
model has been proven to be accurate, it will Heemely beneficial for use
by the local construction industry to vastly redube time spent on cost

estimation processes during tendering.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Construction projects are complex and time-consuming tasks. Every
construction project is distinctive in its own way. The construction process is
depending on multiple highly variable factors which are unforeseeable. Parties
involved in construction projects comprise different combinations of main
contractors, employers, architects, engineers, consultant quantity surveyors
(CQSs), subcontractors etc. Construction cost estimations are developed for
different functions and construction firms’ success and failure is very much
dependent on the sharpness of the estimating staff's skill. More often, a
contractor must submit a lower tender sum in order to get a good chance of
being awarded a project. Nevertheless, the tender sum must not be under-priced
that the contractor cannot gain any profit or encounter loss in the project
undertaken. As such, a good estimation technique is the most important factor
in the preparation of a realistic tender. The contractor normally will need to
prepare a detailed project cost estimation for submission of the tender.
Construction projects are generally tendered on not a lump sum basis but a series

of unit rates (Clough et al., 2015).



Holm et al. (2005) mentioned that cost estimatgthe most important
initial process in project construction becauss the process of predicting the
costs required for the project. One of the resaflemn inaccurate cost estimation
is that the contractor will go into an unprofitapi®ject (Ashworth and Perera,
2015; Lowe et al., 2006). Inaccurate cost estimaticause many problems for
example change of work order, delay in completibprojects or the worst is
the bankruptcy of the company (Albogamy et al., 301n view of all the
problems of traditional cost estimation modelseagshers and contractors start

to opt for intelligent solutions (Elfaki et al., 24).

According to Ashworth and Perera (2015), cost masi¢he symbolic
presentation of some measurable structure thatseassregards its significant
cost, analysis, comparison or control. The caleuatof the costs of
construction projects has conventionally been donapplying the calculated
unit rates to the quantities provided in the terdbEument’s bills of quantities
(BQs). Cost estimation models are categorized daogto their attributes. The
first category is the traditional cost estimatioadals which include conference
method, financial method, unit method, superfioigthod, etc., and BQs. The
second category is the statistical models whictude regression analysis,
causal models, risk models, knowledge-based, resstrased, and whole-life

cost models.

Besides the traditional cost estimation models statistical models,
some overseas researchers have developed the usstastimation models

based on the cost significance principle. Poh aothéf (1995) demonstrated



how they used the cost significance theory to aequsimplified method based
on student hostels in Singapore which is highlyeate. Tas and Yaman (2005)
constructed a building cost estimation model basedost significant work
packages of Turkish public residential buildingsay and Horner (2007)
developed two cost models based on the cost-signife technique to measure

the costs for premix road maintenance projects.

1.2 Problem Statement

Malaysia as one of the former British Protectorgbeging every single
item of BQs to predict the cost of projects in temdyg is still the most widely
used traditional cost estimating technique. Howgewhars traditional cost
estimating technique has become ineffective in @ayuas a result of its
dependency on the level of the project data soamdetime consuming due to
the tediousness in pricing large numbers of smeaths of work. Despite the
fact that some international researchers have dpedlcost estimation models
based on the cost significance principle, no stodytheir use or on the
construction industry stakeholders' awarenessi®ftternative cost estimating

technique has been conducted in Malaysia.

Apart from Poh and Horner (1995) and Tas and Ya@2&05), who
used the cost significance principle to developt ®gnificant models for
residential buildings, there hasn't been much rebda this area. The models
developed by Wang and Horner (2007) which were dase the cost

significance method were on road maintenance piojdo the late 2010s there



were cost significant models developed by manyaresers in Indonesia, but
they were also done only for infrastructure worBsth the models by Poh and
Horner (1995) and Tas and Yaman (2005) were deeéltyased on buildings
of four to five storeys. The methods adopted teetlgp the models were very
tedious as they had to firstly find the cost-sigiaifiit work items in BQs and
then similar work items were grouped together tectehe work packages. The
models developed were in trade form i.e., the warkse grouped according to
the trades of construction works and put into tradis. However, for the
current practice in the Malaysian construction Bidy the majority of the BQs
of tender documents are prepared in elemental fiomsimodels based on trades
form are no longer suitable to be used. Furtheepaue to the scarcity of land,
low-rise residential buildings are not viable inban areas. As such, the
researcher has chosen to base on cost signifiamests (CSEs) of high-rise
condominium projects (HRCPs), create a buildingt @stimation model of
which the method adopted is less tedious becaesB@s used are readily in

elemental form.

1.3 Research Questions

The purpose of this research is to answer the viatip research

guestions (RQ) based on the phenomena and issus discussed in the

problem statements in Section 1.2.



RQ1: Are the Malaysian building contractors and G@%are of the
cost significance technique for estimating consiouc costs of HRCPS' in
Klang Valley, Malaysia?

RQ2: What are the CSEs of HRCPs in Klang Valley|ayisia?

RQ3: Is it possible to develop a building costreation model based on
CSEs of HRCPs to accurately estimate the totadmgl costs of HRCPs in

Klang Valley, Malaysia?

1.4  Research Aim and Objectives

This research has aimed to develop a generic hgildost estimation
model based on CSEs of HRCPs in Klang Valley, Msitayn order to aid
building contractors and CQSs to substantially cedtie time and effort in cost
checking during the tendering period. To achieve #im, three (3) research

objectives (RO) were set as below:

RO1: To determine the building contractors’ and GQ8&vels of cost
significance awareness of HRCPs in Klang Valley|aysia.

RO2: To appraise the CSEs of HRCPs in Klang Valdglaysia.

RO3: To develop a building cost estimation modedelsaon CSEs of

HRCPs in Klang Valley, Malaysia.



1.5  Scope of Study

Because the first objective of this research idetermine the building
contractors’ and CQSs’ levels of cost significamseareness of HRCPs in
Klang Valley, Malaysia, the targeted respondentsvedl the Malaysian CQSs
and estimators working in quantity surveying cotesul firms and building
construction firms respectively who have experiemcericing tender or pre-

tender estimates of HRCPs in Klang Valley, Malaysia

On the other hand, as the main objective of thésach is to develop a
building cost estimation model based on CSEs of ARG Klang Valley,
Malaysia, the cost data must be extracted fromcir@ract documents of

completed HRCPs in Klang Valley, Malaysia.

1.6 Research Methodology

The researcher started this study by gatheringnpiredry ideas for the
research area interested. This was accomplisheskdnching secondary data
such as scholarly articles, published journalskb@md other sources related to
the topic. Issues arising from the interested mebearea were observed and the
research topic was firmed up. After the prelimynsiudy and selection of the
topic in stage 1, the researcher moved on to &agenely the research proposal.
In this research, the literature on cost estimaticethods and models was
critically reviewed in order to set the researah and objectives, as well as the

scope of study. The research methods and dagxtoh techniques were then



selected from the options of published guidelimesnf past researchers. The
final stage was then started with the data cotbacéind analysis process. The
process of searching for secondary data continued Stage 1. Meanwhile,
the primary data were collected by questionnaireesuand case study cost data
collection. In this research, the questionnaireveyy was meant to collect
quantitative data to achieve the RO1 which was dterthine the building
contractors’ and CQSs’ levels of cost significamseareness of HRCPs in
Klang Valley, Malaysia. On the other hand, theecgiady data collection aimed
at case study projects’ historical cost data of IRR@ Klang Valley, Malaysia.
The purpose of the case study data collection wasdntify the CSEs and
further develop a generic cost estimation modeetham CSEs of HRCPs in
Klang Valley, Malaysia (RO2 and RO3). Finally, tveiting up of the thesis
which included the summary of the findings and negeendations for the future

study took place.

The research methodology flow chart is displayeBigure 1.1.
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Preliminary study and
topic sellection

Preliminary ideas

|
v :
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articles, journals, etc.

| |
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Initial observations

Literature Review

y

Set aim, objectives and scope of study

!

Determine research methodologies

v

Decide data collection techniques

L i .......................................
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Stage 3: . . Collect data
Data collection & analysis
1
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- Questionnaire - Journals
- Case Study - Articles
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- Books
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l |
v
Data analysis and testing / Develop model
!
Validation of model
+
Conclusion and recommendation

Figure 1.1: Research Methodology Flow Chart
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1.7 Thesis Structure

This thesis comprises six main chapters which ahap@er 1 —
Introduction, Chapter 2 - Literature Review, Chapt® — Research
Methodology, Chapter 4 — Data Analyses and Findi@gsipter 5 — Discussions

of the Results, and Chapter 6 — Conclusion.

Chapter 1 (Introduction) discusses the backgrotitiaostudy, problem
statement, research questions, research aim aedtiobp, the scope of the
study, research methodology, and thesis struchartiis chapter, the research
issue to be addressed has been identified. Tharobsquestions were posed,
and then the research aim and objectives were ssfoatly developed. The last
two subsections which are the research methoddmglythesis structure are

presented to enable comprehension of the flowesthdy.

Chapter 2 (Literature Review) discusses and explaindetail the
definitions of cost estimation, types of cost estilon, techniques of cost
estimation, people involved in cost estimation, tcestimation exercises,
construction project cost estimation, and costregion challenges. It is meant
to give the readers an in-depth understanding @ftwhbst estimation is. The
basic knowledge of cost estimation is essentialtifier understanding of the
entire part of the thesis. Furthermore, the cagtitance techniques used by
previous researchers were discussed. Lastly, tlseareh gaps and the

theoretical framework of this study are presented.



Chapter 3 (Research Methodology) displays the stibbses on research
methods that consist of quantitative research,itgtige research, and mixed
methods research; research design; data collentgthods that comprise of
literature review, questionnaire, and case studygstionnaire data analysis
methods that consist of descriptive analysis, Cachls alpha reliability test,
mean analysis, Mann-Whitney U test, and Kendadiisth correlation analysis;

and case study data analysis method.

Chapter 4 (Data Analyses and Findings) consistszofmain sections,
i.e., the questionnaire survey and the case stlilg. questionnaire survey
section demonstrates the subsections on summanestionnaire data analysis
methods; the response rate; the descriptive asalgkithe respondents’
demographics consists of the nature of the busiok$ise current company;
experience in pricing HRCPs in Klang Valley, Mal@ysxperience in pricing
HRCPs in Klang Valley, Malaysia between differeatures of business; and
the local practice; the results of Cronbach’s Algt&iability test; the results of
mean ranking analysis; the results of the Mann-WéyitU test; and the results
of the Kendall's tau-b correlation analysis. On dtker hand, the case study
section demonstrates the subsections on the deweldpof the idea for case
study; results for preliminary study 1; results poeliminary study 2; finalized
criteria for case study which consists of case ysttgvelations, case study
corrective actions, and the final cost estimatiadel. The final cost estimation
model’s section has further discussed the brietifipation of the case study
projects, design/shape information of the caseysprdjects, elemental cost

contributions of the case study projects, the estimation model based on

10



CSEs of HRCPs in Klang Valley, Malaysia, and théidedion of the cost

estimation model developed.

Chapter 5 (Discussions of the Results) discussesméanings of the
results. This chapter helps others to understdwltathe study and the

emphasis is on the study data.

Chapter 6 (Conclusion) wraps up the whole resegdcess. It
summarises how the research objectives were acimagl Following that, the
significance of the study, limitations, and recomuategtions for future research

are all included.

1.8  Chapter Summary

This chapter gives the readers an overall vievhefwhole study flow,
the background of study and the study processes.r@$earcher was able to
reach at the aim and objectives after the backgrofistudy and the issues were
identified. The chapter enables the readers te laalvetter perception on the

research topic after reading this introductionhef whole study.

11



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter explains in detailed the definitiohsast estimation, types
of cost estimation, techniques of cost estimatipaople involved in cost
estimation, cost estimation exercise, constructinnect cost estimation and

cost estimation challenges.

2.2 Definitions of Cost Estimation

In the context of cost management, costing is édfias the process to
total up, to categorise, and to assign direct masercosts of labour, and costs
of factory operation on products, services or mtsje A well-defined cost
object relationship with its cost drivers is exgecto be established through
cost estimation. Cost estimation of various desigiutions is able to present
the best value to the client while the costs ap ké their minimum (Blocher

et al., 2016).

Cost estimation is a subtopic of construction eooiee study which
discusses about the use of finite resources indingil and infrastructure

construction. In short, cost estimation calculdkesprobable cost of a project

12



and gives justification of expected cost predictbitems of resource that form
the total construction tender price (Akintoye, 200he cost of labour, material,
and facilities for multiple work elements shall taé&en into account in the bill
of quantities and specification of works like pgingroundwork, masonry,
woodwork, structural steel work, roofing, surfageishes and landscaping;
preliminaries; overheads and establishment chardagworks; provisional
amounts; and prime cost sums when presenting tteestimation of building

and civil engineering projec{&eddes and Williams, 1996).

Cost estimation, hence, requires a series of sydtemnalysis of project
and construction costs recommended (CIOB, 2009).the process of
determining the possible construction costs, thetrmoonomical construction
methods that allows the specific construction waokbe completed within the
contract permitted time should also be consideketi{son et al., 2009). The
initial construction costs and costs-in-use esaertkiroughout the building
lifespan ought to be included in cost estimagishworth, 2010). Unlike before,
clients these days are no longer unfamiliar withagbnstruction industry. They
want to be advised on the final cost estimatiothas is the actual figure that

need to pay upon project completigiirkham, 2015).

All the above-mentioned definitions are generallaxations of cost
estimation. However, interpretations of cost estioms vary because it comes
in different types. According to Doloi (2011), anstruction team is formed by
multiple parties that comes from different prineipwho are project managers,

tendering team, business development team, landi@@went team, project

13



consultants and project financiers. Each of thetigmrpossess respective
responsibilities in the project life cycle. Thuslextion of suitable cost
estimation shall be done after proper review andetstanding of cost

estimation types.

2.3  Types of Cost Estimation

Hinze (2012) stated that conceptual estimationsiatailed estimations
are among the construction cost estimations tleagiguped according to their
purpose of preparation. Before decision is madec@mistruction, prospective
project clients adopt conceptual estimations taiold rough figure of the cost
of construction. The potential client had no chom& to depend on this
conceptual estimation to understand the amountapftal required for that
particular construction and its feasibility evenulh it is only an approximate
calculation of the possible construction cost. Gamtto conceptual estimations,
before entering the contract, the tenderers wdppre the detailed estimations

through analysis of essential operations neededrtisixcompletion of project.

According to Kerzner (2013), there are four cosingstion types in
project management. They are order-of-magnitudanagbn, approximate
kind of estimation, definitive kind of estimatioand estimation with the use of
learning curves. When specified engineering infdiomais not available, order-
of-magnitude can be adopted by using informatike &xperience, parametric
curves, and estimated, capacity to prepare predimiestimations. Similarly,

approximate estimations are done without full desigormation. This type of

14



cost estimation takes reference of similar desijorination from past projects
and makes assumptions of the likely cost. Converaedien detailed design data,
plans and specification are available, definitisgneation of detailed estimation
can be applied. While estimation using learningvesrare usually used to

calculate approximate time and cost required f@rafons of manufacture.

To summarise, it is critical to be informed on tbest estimation
outcome, which includes rough quantities of makeriéme, and cost required,
before the client makes construction decisions aschontracting, pricing of
works, establishing interim payment amounts, argept management team
monitoring of actual quantity on site. Thus, ivigl to identify the type of cost
estimation suitable for different project stagesést the building design, to
tender the works of construction, to control theuakcosts on-site including
estimation of order changes (Knutson et al., 20D9¢. cost estimation methods

of pre-tender cost estimation are elaborated irfidl@wving section.

2.4  Techniques of Cost Estimation

Holm et al. (2005) stated that the categorisatiboost estimations by
project degree would be consistent with the AACtermational Philosophy of
Total Cost Management, as this is a norm poweredtiodemplemented over
the entire life cycle of a project. The distincoject description levels used to
define cost estimation represent the usual phasdsgates used by the
stakeholders in project life cycle for assessmauthorisation, and execution

(AACE, 1997). Table 2.1 shows the events that hapgpet different stages of
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the life cycle of the project, the plan of work,dathe estimation kinds
implemented at each cost planning processes. Thgoges of pre-tender
estimations are to fix the project forecast, takrthe cost of project during the
design process, also to contrast different desgjutions’ cost. To elaborate
further, the key functions of cost estimations d@ce:prepare a preliminary
project estimated cost for the client, to evaluhte feasibility of project, to

design the project by not exceeding the cost litoitanalyse another design
options and project elements, to prepare tenderpreépare cost plans, to fix
project budgets, to determine the expense impdasier changes, to support
claims while settling conflicts, to create schedafevalues for demands of

progress payments, and to form a background datastrof building.

Table 2.1: Estimation Classifications

Estimation Cost
Stage Event Plan of Work Planning
Types
Process
l .
i Consultation Preliminary Im.t'al
Pro]ect ESUmate
2 Identification ) I Firm
Brief Feasibility Estimate
3 I . Preliminary
Investigation Viability Cost Plan
4 Project Constructional Authorisation Final
Definition Details Cost Plan
5 .
Work_lng Final Budget Cost Check
Drawings
6 Project i
JEC Construction Control -
Execution

Source: Asworth and Perera (2015)
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Isaac et al. (2010) defined financial approach amethodology of
development evaluation which is adapted by the @eklopers to assess the
feasibility of the project primarily for housing reemes and construction of
commercial buildings. The overall construction engeeincludes building costs,
building costs’ interest, professional fees, preif@sal fees’ interest, void time
(letting time)’s interest, contingencies, chargegenses, advertisement, and
land cost must be excluded from the overall pradactalue when estimation
the income of a project. This price of developnpErformed can be determined
by the way of multiplying net rental profit by yeaf acquisition or return on
investment. The equation mentioned would also ke usy simulations to

measure the sum for permissible building costslaadum for purchase of land.

Secondly, the functional unit which is also knows anit of
accommodation method applies unit cost of precegmagects. This unit of
accommodation method divides the overall cost astriction by the quantity
of functional units to determine the unit cost. iFmtance, it could be “cost per
number of room” or “cost per number of bed” or “cpsr number of parking
space”. This strategy is with the benefit of seglivast measures when
determining the construction budget. However, austi be understood that this
budget varies from the final cost of constructicecduse the cost will be
affected by factors like the site physical condifip the client’'s brief or
requirements, the existence of available servidesed to the project, the

building’s specification and the project’s businelaracteristics (CIOB, 2009).
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Having said that, the previous method is not idealbuildings like
warehouses and open plan offices. For these kinoigildings, a more accurate
building cost estimation method could be adoptduclvis the superficial floor
area method. In short, this method calculates & by multiplying the
building’s gross floor area by an acceptable cesisguare foot, as reference to
a historical cost stored in database. Moreoverstiperficial floor area method
is also suitable in estimation the cost of extemalks’ packages like concrete
paving works and road surfacing works, with adjwstinmade based on its
location, inflation and specification. Furthermagphysical characteristics of the
building could bring out subjective judgements wWhis the reason why the
assessment of external works shall be done separfatee to the relevancy and
simplicity of this cost estimation method, it isgudar and commonly used by

the profession (Brook, 2011).

Among the many methods, most cost estimators adedige the
approximate quantities method as the most effi@patating method. Different
from the methods before, approximate quantitieshoeetis also known as
multiple rate approximate estimation method whichld achieve accurate and
reliable cost estimations because it needs a @éillo§ building design and
elaborated specification information. Hence, thethmd is only useful for when
detailed design is available, or during final dasstpges, and tender production
stages. Since uniform method to quantify estimatedasurements for
components is not available, measuring and costirtge builder's quantities
for projects based on specifications and drawisgesorted to when predicting

the cost of the project and when cost checks aviithdal items is conducted.
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As a result, this approach allowed the estimatbes \tersatility to quickly

produce a reliable calculation within a limited &frame (Smith et al., 2016).

Lastly, the elemental estimation method makes tibasic cost studies
of prior related historical projects as the refeeefor a tentative cost model for
the current project. Under this process, the coteosub-elements, the cost of
group elements, and the overall cost of the pragjaotbe measured on a cost
basis of per square foot. It offers flexibility &uljusting the cost due to design
variations in the current scheme as opposed tdquewenture. Additionally,
elementary costs covered by element unit amoumt&@ment unit prices may
assist the cost manager to approximate currenégropsts if reviewed along
with specification and design information, proviglithat the assessed costs are
revised for cost adjustments after the previougepts tender date. Knowingly,
the primary components of building design wouldéan effect on the overall

cost of the project financially. (Seeley, 1996).

Kirkhnam (2015) claimed that since most of the cactiors pay
approximately the same rates on labour and supjphes capacity to handle
building projects will induce the disparities irethfinal costs. However, prior
resource-based calculation is made, cost estimaged to utilise bar charts and
network diagrams to refer to the full design plauen scheduling the building
work. As a result, resource-based estimations atrappropriate to be included
in the preparatory process of the project to datesrthe construction budget.

Having said that though, in certain cases, predicthe cost of a proposed
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project on the basis of a resource-based calcul&ifaster and more efficient

than calculating using past project costs.

The above methods of pre-tender cost calculatisoudsed up to now
are conventional costing models which the buildmdystry has been using for
decades. The adaptation of cost analysis in hapdlonstruction costs has
helped estimators in looking for an optimal wayrtcorporate a new proposed
development project. Particularly, the cost modayrbe utilised to convey the
system's information and concepts such as forecpsie likely future expense
of a construction project to be constructed inec#f location and suggestions
on room usage centred on the model's design asalysrt from this, the cost
model built will also be able to determine how #ystem operates in other
circumstances and include explanations for theegystconduct, i.e., changes
in overall project expense as the consequencermfusacontracting processes,

also how costs vary as the building height rises.

Typical cost model taxonomy has demonstrated tieetare 4 types of
cost models. In reference to regression analysis,a the most commonly
adapted mathematical methods, deductive cost modats analyse the
associations between certain important variabledesign, i.e., dimensions,
form, building height, and overall building costtas first type of cost model.
Next, the following type of cost model, inductivest models would yield
results that are not correlations but causal ieunit rate in the BQs that will
be considered as a cost model for the specific Géeompleted construction

work as the contractor prices it.
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The third category of cost model is optimizatiostcmodels that look
for best solutions, taking into account the comstsaby exploring the practical
solution space and looking for the part that sugties best answer including
energy estimation applications to improve sizegipés, sizes of windows, and
the quality of insulation. Ultimately, the 4th cgoey of cost model which is
called stochastic cost models are developed thrdlghntroduction of risk
management approaches to consider the economicResatively, the Monte
Carlo simulation method that mimics operation diree and tests the system's
life cycle will possibly be used to produce cogireation ranges with predicted
values. Noticeably, cost models are able to devedspnomically and

effectively because of current computing techn@sdilaggar et al., 2002).

Nevertheless, many cost models made in the cotistnumdustry for
the implementation have been quite positive. Thigoven by the capability of
such expense models to reliably estimation buildiegts at a high level.
Definitely, today academics and professionals Hasened a great deal from
the information and communication technologies undgch cost models are
incorporated under computer systems, for instalecgimplify estimations and
crunch numbers. In the early years of using compadence to calculate the
project costs, knowledge-based systems (KBS) thatautificial intelligence
technologies in the process of problem-solving veem@monly used to deliver
more reliable forecasts of construction costs withshorter time span (Akerkar

and Sajja, 2010).
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In Turkey, Mohamed and Celik (1998) have built amoeated
knowledge-based method for alternative type ofgresand materials selection
and cost estimation to be used mainly for pre-aesggearch, as it is important
to provide a cost estimation tool that helps trenpér to do a quick ‘what if'
research of design approaches and material seledtioing pre-design. In
addition, the knowledge-based method often comhimaterial collection and
cost analysis for post-detailed construction bybéng input of building unit
measurements from finished designs/drawings or bgctlly import the
necessary data from the software like computereaagsign (CAD). In general,
the device generates amounts of the operatiortggrand the chosen products

complete with the corresponding amounts.

A generalized linear model-based expert way toipteéle cost of the
transport projects was developed by Chou (2009evA parametric quantity
estimation equations are included in the framewtwkbe used by the
Transportation Department of Texas (TxDOT) to eation the early
infrastructure quantities and to continually tracid manage the project costs.
The program would hire up-to - date unit ratesjédr products based on the
current business conditions. Subsequently, thegevalues are added to the
expected quantities to identify the probable apipnaxe overall cost of a project.
This approach thus allows the planning of a mooeahgh cost estimation at

the early phase of the project growth.

Through using case-based inference and the gealgtdthm, Kim and

Kim (2010) presented a basic cost estimation mod@leky tested a mass
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generation genetic algorithm and used it on reajlept execution. In the early
stages, producing a more functional cost estimatmdel for construction
using a mass estimation methodology in the deveéoprof the software for
building cost estimation. A notional cost estimatimodel that combines
approximate series of theories, logic from casésbasd genetic algorithms to
enhance cost forecasting in the stage of conceplaiahing was introduced by
Choi et al. (2014). Genetic algorithm was adapsdtelp in discovering suitable
solutions through rough range and case-based reasorodels. The model
being developed is considered to be more accuratesi@able than the current

model for cost estimation.

A cost estimation module that enables fast andratew@nalysis of the
original concept in a 3D modelling context was préed by Cheung et al.
(2012). With this module, cost estimators can obllthe information of
quantities from 3D models, and calculations guided the profile are
immediately updated. This model of data uses astalmit price method that is
potential to be extended in incorporating some mowess like estimation
emissions or estimation waste. Other than thavnamlogical inference method
was suggested by Lee et al. (2014) to digitaliee=ffort of looking for the most
appropriate tiling job objects. The search methay tiherefore be performed
entirely without being interfered by cost estimatdowever, the standard of the
outcome would subject to the ontology specified thg specialists. The
suggested framework aims to develop and extendatteptation of BIM

(Building Information Modelling) technology.
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A mathematical formula for the construction costekation of seismic
retrofit net of an enclosed building in masonry wasoduced by Jafarzadeh et
al. (2015). The building cost has been better egdaohby integrating four (4)
elements: overall floor plan area, seismic weigpt&dictor, sizes of floor and
roof diaphragm, and quality of mortar; Cost-arealde-log model is proposed
to generate an approximation at preliminary destgge of seismic retrofitting.
An artificial neural network model for calculation the conceptual design and
building management costs of engineering resoutcegrojects of public
construction was provided by Hyari et al. (2016)isTbuilt model includes the
expense of engineering resources, while in thelabdai models, it merely
emphasized the cost estimations of constructiorthéteby enhances the

planning of cost estimations for the early publidding programs.

2.5 People Involved in Cost Estimation

Gould and Joyce (2014) contended that knowinglg, obthe estimators
is vital in building company because they haveothieggation to obtain jobs that
are required to keep their operation running. Ontheir jobs is to compile a
full documentation of all costs of the project @ierence to the design drawings
they have been presented with. They also have @mpsive expertise on the
material, labour, and service costs. Such expewdéde tied back to the
construction processes. For that purpose, estimatioolves detail-oriented
and well-coordinated professionals. Therefore, nestiors operate under
pressure in most of the cases as they are respwisitender on a project with

limited time frame and all details in the projeavh to be covered by the tender.
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Estimators can genuinely have different experieeceslearn skills because a

handful of them joined the industry as developeosiractors or consultants.

Peterson and Dagostino (2015) stressed that ctortisaestimators need
to hold ample building experience to gain a strandgerstanding of working
environments that includes on-the-job material liagdechniques, the most
efficient construction methods, and labour efficenAn estimator should be
able to picture the building process from this kiemlge and provide a
reasonable estimation. Estimation is truly not beotute science. Therefore,
the precision of the final calculation would sulbjecthe ability and judgement
of the estimators. This ability and judgement do foom overnight, so they
have to be developed over time. In short, thid Bkilps the estimators to adapt
detailed calculation techniques while their judgetieelps them to picture the

project development process.

CQSs in Malaysia are qualified to be the professian construction
industry who could make recommendations on constmis costs, and
financial plus contractual administration. The CQ@%s also the specialists in
the expense and operation of building projectstiqadarly in the housing,
infrastructure or heavy engineering fields. Thé&sabkat a CQS has to perform
are to determine the expense of planning thetbigegxpense of design, labour,
equipment and plant; consulting fees; taxes; thssipte cost of running and
maintaining new buildings; and propose alternat@ngl They would also
recommend the company regarding suitable contreattangements to be used

for a project (RISM, 2016).

25



RISM (2016) illustrated fundamental and complementaervices
offered by the qualified CQSs. Many of a CQS's dbagities include, i.e.
planning the construction project 's draft cosinestions and cost plans,
preparing the quantity bills or specifications regdor tendering, drafting and
implementing the formal contracts, and producing tloutine recurrent
financial reports throughout the construction phageny more potential
responsibilities of a CQSs are planning a projée#isibility reports, evaluating
cost estimations on the project 's economy duttregdesign process, pricing
the quantity bills or discussing and approving imgcmodel, and auditing

contracts and the corresponding budgets and expeesli

Aside from the CQS, though, the cost estimatorsraoegnised as
specialists in estimation a project 's costs. Th8. Wepartment of Labor,
Bureau of Labor Statistics (2011) indicated thatragimately 59 percent of
cost estimators are working in the building indystvhile about 15 percent are
working in the manufacturing field. Cost estimatovho are practising in
building industry usually went through certain egé programs and earned a
bachelor's degree in building, construction managgnor construction science,
or hold work experience for years in all phasesarfstruction or in a specialist
craft field. Furthermore, cost estimators are alguerts in their particular fields
as they are accredited by many related organizatsuch as the American
Society of Professional Estimators (ASPE), the Amsgmn for the
Advancement of Cost Engineering (AACE Internatipnalnd the United

States-based Society of Cost Estimation and Are({BCEA).
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Likewise, cost estimators hold responsibilitieegtimation the expense,
scale and length of potential ventures correctlyetermining the cost details
that consumers and company owners require in dodender on a contract or
to assess the feasibility of a product or projecently proposed by defining the
applicable activities. Also, in the building of tbimited Kingdom (UK), Hackett
and Hicks (2007) elaborated on the role of CQSsemtithators in playing an
important part in the viability of construction doects. In this situation, all
specialists in this sample have become study sisgeccost specialists in

building projects.

2.6 Cost Estimation Exercise

The cost estimation exercise is the relative exerciand actions in
making an estimation of certain costs. Yet specifiastruction members in the
same industry viewed the exercise differently. CQ&slly apply the term cost
planning to pre-tender cost estimation in the syinge exercise. There are,
specifically, three phases of construction cosparation (Kirkham, 2015).
Activities performed during the first level of castcounting are presenting the
customer summary, offering guidance on sourcingd, setting budgets. Just a
very rough calculation is made of costing the rgpms the lack of details has
impeded other approaches to be used to measuexplease. One of the most
common approaches for preliminary cost estimatian umit approach, cube

approach, and superficial or floor area approaelel€&y, 1996).
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The second stage is cost preparation and managewiferthe
construction exercise. During this process, thessssent of the design of the
building is primarily conducted on the budget atedd for such design or
feature. Then itis linked to the profit the custwill gain and in that situation
a cost-benefit study will be done to determine twst effectiveness of
construction designs on this particular project. bsaguently, the
comprehensive summary and a report of cost estimstire then to be planned.
The conceptual cost plan is prepared to calculatstestimation for the project
and the specific cost plan is the actual cost filahlays out the cost depending

on the construction item.

At last, cost control during procurement phase @mstruction phases
is the third stage of the planning of building sogtccording to Ashworth (2010)
this is a post contract cost control because timetion of cost planning is
executed successfully when the design remainednatitie forecast amount as
demonstrated by a reasonable tender sum. Therefdeeexpected that the
actual construction cost should also come withan trget figure. Figure 2.1
demonstrates the detailed calculation processub@$ BQs to describe job
definition and quantity construction. Thus, befam#empting to enter a

competitive tender, the tenderers have to calctitegenit rates of the items.
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Figure 2.1: The Process of Detailed Estimating (AHarbi et al., 1994)

The bill of quantities is a cost model dependentt@product as it is
structured on the basis of building componentsikam, 2015). Using prorated
efficiency levels for costing all the work productise procedure of unit cost
build-up is subsequently carried out. As an outcothés occurrence has

resulted in the production of inaccurate unit poé@roducts, because the real
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efficiency of work to complete the job is calcuthfeom the real time taken for
construction. In this way, pricing work productstiwaut establishing the
construction work program is basically to overlotke impact of work
sequences which will holds a significant effectmoduction levels and the

duration of the work in whole.

Moreover, the presumption used in the estimaticawriit price of work
is always inaccurate, as each building projecpesl, and the different work
environment may have already put various challengdbe project. Therefore,
it is ideal that consideration of labour constamaterial constants and output
of machinery from past project information are gtised to establish the work
program and can thus be used as a guideline ofilatifty the cost of each
related operation. For regions that do not perfguamntity surveys, construction
cost estimators are qualified to produce cost edions depending on the

approach of construction management or project gemant.

Conversely, from the perspective of project managemit is noticeable
that the work breakdown structure must be sortetheiore estimation sensible
costs for each element in addition to determinimgfull set of job demands and
developing a reasoning network with checkpointsrzider, 2013). To Verzuh,
(2016), a work breakdown structure can be defirsethe exercise needed in a
project at this point. This makes it sound likaraation the cost of the project
is very sensible and well-organized as the constnudnvolves a range of
processes or activities to know the ultimate outeoof the construction.

Meanwhile, the use of estimations for cost planrahguildings is minimized
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by implementing this model and hence may leadnmoge accurate estimation

of costs.

In addition, the reason that the calculations thedwes can only be
planned to their standard of accuracy in keepirtf thie current stage of design
development has not given attention to certainidenations in the following
stages of a project that will specifically impaé tactual cost of construction.
Likewise, in the early stage of the project, theaicdf planning a budget by
considering a single price rate method and allogatie cost to other building
elements in its subsequent stages by overlookiagdmstruction activities is
also a failure in understanding how constructiarcpss affect the final project
value. Therefore, this practice needs to be impidwetaking more factors into
account throughout the entire cost estimation @®de order to make more

reality estimations of construction costs.

2.7  Construction Project Cost Estimation

The method of calculating building costs isn't mspée as costing the
job for all construction type. CIOB (2009) has Highted a few areas in its
Code of Estimation Practice which should be propembnsidered when
working out a cost estimation. They are strateggdu®r tendering, types of
procurement system used, skill in pricing, settleteeof tenders, and
agreements and conditions of contracts. In othedsyocalculating building
costs is in essence a whole set of work that \aehto be done by professional

CQSs before delivering the job to the chosen coostn contractor.
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Correspondingly, it can also be found that thenesiion of project costs
consists not just of the portion of estimation phiee of the construction project
but also of the proportion that is applicable tee tmanagement of the

procurement for a building project.

Drew et al. (2001) commented that it is well knothat contractual
agreement has been proven to be one of the mosttamp factors impacting
overall cost of construction. According to Brook{2), in deciding which type
of procurement to use for the project, the needthefcustomer, role of the
contractor and risk management are also the progewultants’ key concerns.
In respect to all three main problems combinedppears that the design and
development agreement may be an appealing optiothéoclient because it
makes the negotiating relations between the twiractual parties i.e. the client
and the contractor easy as the contractor is regperfor the project planning

and construction.

Kerzner (2013) stated that apparently, the cosmeasibn process
required both quantitative estimations and inteitdecisions in working with
construction pricing; the process is thus viewe@rasrt. In addition, several
research studies were carried out on the subjeestohating project costs, but
with dissimilar goals and focus. Kaka and Price9@)9found that incorrect
estimations would mainly impact the contracting ammgation and that if
adequate loans were not obtained within the pegieen to deal with changes

in working capital, the company might go into baurgtcy. Contractors however
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failed to adapt reliable and precise approachesbfginess and financial

budgeting, and accurate prediction of pecuniargueses.

Furthermore, estimation the overall cost and tleapacity to correctly
consider strategic and environmental factors are pwimary reasons of
incorrect estimations. Hence, it is mandatory teeten information network to
obtain the cost data while assessing the perforenahthe contractor itself. A
model that integrates the business practices atgh&actor into the operating
environment should be made available to the cocistrsi to handle their works
accordingly. In addition, Tah et al. (1994) consaie approaches used to
measure indirect construction costs to be arbitaany dependent on practice.
Therefore, it is rare to use probability and stassfor estimation costs. Hence,
a user-friendly computerized estimation program bhaen proposed to be
developed that respects the professional judgenodritee estimator with the

purpose to satisfy the requirements of the coshasibn process.

In addition, Mok et al. (1997) reported that thenwentional
probabilistic, or single figure, cost estimatiorpegach was still used by most
service engineers in the preparation of cost estoms, and the risk
management process allows a systematic mechanighefassessment of cost-
influencing risk factors and the allocation of eest risk allowances. Another
study carried out in Hong Kong in 1994 and 199%capital budget planning
showed that most construction contractors did restycout any form of

investment financial management other than by targea minimum return
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rate. Nevertheless, the management of the camitdgjet is carried out by

tracking the performance of the project (Lam et2001).

Akintoye and Fitzgerald (2000), discovered thasedlles of contractors
prepare cost estimations primarily for constructiptanning, including
preparation of tender, management of project coshg execution, and some
degree of project assessment in studying the resitrdgtion of project cost
estimations in the UK. Nevertheless, contractoesiat implementing updated
cost estimation techniques which includes the reskd uncertainty of cost
estimations, for example, the use of range estomand parametric estimation
process. During preparation of the BQs, unit preesoften calculated for all

work products concerned on the basis of labor ldesiaid material constants.

Moreover, it is also concluded that estimatorsuffisient practical
knowledge of construction, insufficient time to page cost estimations, weak
tender documentation and the vast variation ofajimis from subcontractors
are the prime triggers for incorrect cost estinragid_ikewise, Flyvbjerg et al.
(2002) argued that taking advantage of an initiet @stimation to determine
the feasibility of the project is highly deceptisad methodological. This has
also been established that cost underestimationtisolely because of error,
however, it is better defined as strategic misregmeation or deception. This
circumstance causes project stakeholders who viarksow actual figure to
doubt the cost estimations and cost-benefit assessenpiled by the

organization of the client.

34



Sturts and Griffis (2005) clarified that when cogti engineering
services, the job of estimation was evaluated erb#sis of labour-hours in the
past. Many who use computer-aided design and thireensional computer
models, however, have claimed that their perforraaimcreased more than
tenfold. Therefore, investing hours in pricing eregring services only in
today's companies is far not sufficient as theesurtechnologies can already
enable workers to solve their problems. As a resugineers and designers
must update outdated costing approaches by creagmg ones. Moreover,
Gunhan and Arditi (2007) mentioned that the assigmrof 10% of the contract
amount for every project as a fixed contingency $omnthe client in which this
standby money is not to be utilized for other ati&ig is in actual fact more than

sufficient for the client to encounter with unknawin a project.

Consequently, it was proposed the contingency amewould be
estimated in reference to details from previousjgmtosuch as previously
defined problem line items with respect to sitedibans, time limits, design
and building problems and project scale. Neverfigléaryea and Hughes
(2008) found that the building industry does notplw systematic and
predictive risk models developed from studies &timeation and costing project
risk at the tendering phase. In fact, contractarstchave a typical method for
broadly and precisely pricing for risk, insteadre$earching how a collection
of complicated microeconomic variables could infloe the cost of the project.
For this cause, it is important for this studyearh more about the factors that

influence the calculation of the cost of the praojec
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In reviewing the latest state of the art for the UK, Soutos and Lowe (2011)
found that CQSs in the UK prefer and are routinely performing basic cost
planning during the project design phase using the approach suggested by the
Building Cost Information Service (BCIS)'s Standard Form of Cost Analysis
(SFCA); Laryea and Hughes (2011) explained that while risk management
affects the pricing strategies of contractors, certain dynamic microeconomic
considerations also impact prices. Risk is calculated and costed through
contractual structures that represent market demands. In addition, there are
various hypotheses behind theoretical models that are not realistic, and the
actual scenario occurs in fact is important for modelling construction tender

costing.

Yu et al. (2013) reported that operational cost estimation models are
rarely eligible for best value tenders due to challenges in calculating demand
disparities with respect to good or service efficiency variances. In terms of
competition and productivity, they introduced a model named as price elasticity
of quality (PEQ) for calculating PEQ of a good or service provided by tenderers,
and a tender region is recommended for tenderer. Blomberg et al. (2014) found
that inability to balance risk, unique conditions of the public sector, stifling or
lack of creativity, collection of design parameters and parameterization of the
implementation processes are five general cost premium considerations for
military construction. Researchers found that, in addition to the well-recognized

consideration of "federal laws and policies”, "internal construction agent

policies" have triggered cost premium rises.
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Laryea and Lubbock (2014) claimed that qualityn®f documentation,
period of the tender, competitiveness, input aagyrand time to adjust and
respond are some of the key obstacles to successfdler pricing by
subcontractors. If eliminated, these obstacles witrease the quality and
sustainability of contractors, and strengthen mtogeipply-chain management.
It will produce the desired project results. Udoéa al. (2015) uncovered
important relationships between factors for motigeproject termination and
techniques for retendering. One of the key problemthe road construction
industry is the improper procurement procedure Wwhias triggered late
delivery. Retendering strategies serve as a bluehrat can be followed when
reforming a terminated project to reassure theggtajlient’s needs about time,

expense and efficiency.

2.8  Challenges of Cost Estimation

Research in the industry of estimation building teosontinues to
advance, though there are so numerous unansweoblems affecting the
research sector. Difficulties such as estimatiatision and estimation speed
in any building cost work being carried out remasnthe core concerns of their
studies thus far. This can be easily proven byyairad the features of the forms
of projections used in the building industry. Foe first estimation for a project,
a tentative estimation using either a parametrit @stimation approach as
suggested by Kerzner (2013) or a superficial apgaach as mentioned by
Ashworth (2010) is to be generated without compledastruction design

details as the project has not enter the comprealeedssign stage at the point.
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Fortune and Cox (2005) and Wang and Yang (2005edstshat
intending to get a picture of the probable cosa giroject, the potential client
might only have some basic particulars, presumtdgycost indicators that the
client has already set, such as the scale of tidiroufor example the building
floor area, the building height, and number of esyasf the building. While the
use of one of the conventional cost estimation riegles which is the
superficial area approach is still preferred, camsion stakeholders appear to
generate a primitive calculation solely based andbst per square meter of
gross floor space for the particular type of cangion. Seeing that there are
several factors impacting the overall expense efptoject (Chan and Park,
2005); it is also problematic to quantify accordiogjust one factor of gross

floor area.

In fact, due to the intrinsic complexity of mosilding operations, along
with the sometimes exceed limited time present faking an early cost
estimation, mistakes have been caused to happeseH®ituations will impact
the success of a project and potentially harm th&fitpmargins of the
contractors (Leung et al., 2005). Therefore, asptteeision of the figures is
directly associated with the magnitude of the infation received during the
planning period, generating a high-quality preliemyn cost estimation is,
predictably, a much more challenging task becadsthe lack of accurate
information and the timeframes involved in the pobjs feasibility phase (Chou,

2009).

38



Knowingly, with greater precision, accurate cosseasments will
deliver higher estimation efficiency. This could Hene because the fully
elaborated estimation can only be prepared uporplation of the detailed
design stage. For regions that are influenced &yJiK, QS practice is popular
for their building industry. During this processQ6s calculate the quantities of
building or civil engineering projects by followirthe standard measurement
method and summarizing them in BQs. Nonetheledsmas of construction
and structural engineering taking off need professi expertise. In addition, it
is a very detailed task that needs attentive conmlie type of materials adopted

for an item and the building’s operation arrangenoensite.

Complete calculations will indeed take more time #merefore costly
to produce. Nonetheless, the high accuracy of &stsccompensates for this.
Therefore, a correlation may be drawn between dhechsting precision and
the effort required to produce cost estimationsusltthe more accurate the
calculation, the greater the estimation 's levedafuracy. On the counter, the
less accurate the calculation, the lower the esiimas degree of accuracy. It
has usually been linked in the conventional casinesion to the initiative being
placed forward when the calculation is done, asntloee money are used to
measure the project, the more reliable the resilthe made afterwards.
Nevertheless, new computer applications have retineedifficulty of the cost

calculation today (Jrade and Alkass, 2007).

Apart from estimation precision and speed of calioh, the

management of cost information is also a taxing mlpredicting the possible
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costs of building projects. Typically, this infortim explains the factors which
influence the final cost of the project. Handlinget construction cost
information is therefore indeed a complicated jobbe performed in the
emergence of a dynamic and competitive constructioarket climate,
particularly for organisations that manage a lotpodjects at once. As a
consequence, CQSs and estimators should have itlg @bidentify the right
project information that ought to be registered addquately managed as the
excess of information will just screw up the whalest calculation process.
Thus, this work is undertaken to help practitionersietermining the major

factors affecting cost estimation of a project.

2.9  Cost-significant Models for Multi-storey Residatial Project

Poh and Horner (1995) developed a cost-significamdel for student
hostels in Singapore by using the historical BQsi&fcurrent projects and
subsequently tested the model using another twoemurprojects. They
highlighted that cost-significant models rely or thell documented finding
that 80% of a bill’s value is contained within @% of the items which are the
most expensive. Cost significant items have beentified simply as those
items whose value is greater than the arithmetiarmalue. Cost significant
items can be grouped together, using a varietyedfrtiques, into a smaller
number of cost significant work packages, whichhwitany given category of
project consistently represent a fixed proportibthe total cost, usually close
to 80%. The total value of the project can thench&ulated simply by

multiplying the total price of the cost-significantork packages by an
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appropriate factor, typically close to 1.25. Thestesignificant model
considerably reduces the time required to prepaosigestimate compared with
a traditional BQs, which may contain several thodségems. All the eight
projects (Hall 4 to Hall 11) used were essentisityilar: low-rise, four to five-
storey, reinforced concrete frame buildings witaspeéred, non-load bearing
internal and external brick walls. The bill valuesed exclude preliminaries,
work for statutory bodies, provisional sums, priowst items, dayworks and
external works. The rationale for the exclusioritese items is because they
are often highly cost variable and depend cruciailysite characteristics and
client requirements. To include them might frusrédte development of an
accurate model. The development of their modetesdawnith the identification
of the cost-significant items as the first stepwés followed by grouping the
cost-significant items into cost-significant primand secondary trades. In the
main, if the percentage contribution of a secondaagle was found to be
significant, it was identified as a cost-significavork package. The final cost-
significant model was then computed with eight @niyntrades and twenty-
seven secondary trades (cost-significant work pgegais as shown in Table
2.2. The ratio of the sum of the cost-significamirkvpackages in the model to
the total bill value is the cost model factor (CMFhe factor was evaluated for
each of the six project bills used to develop tlegleh and the average value
adopted as the model CMF which was 0.793. The tmtstl of a future student
hostel project could then be estimated by dividing total price of the cost-
significant work packages by the model CMF. Thelelaleveloped was tested

using the bills for the Hall 10 and Hall 11 and #uohieved accuracy was about
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3% excluding preliminaries and external works. €hIl3 shows test results of

the Poh and Horner’s model.

42



Table 2.2: Cost-significant Model (Poh and Horner1995)

Cost Significant Work Packages (cswp) Qty Unit Rate Arount
1 1.1 Excavation to reduced levels including
Earthwork substructure excavation (m3)

1.2 Anti-termite treatment (sum)
1.3 Earthfiland compaction (m3)

2 2.1 Mobilisation (sum)
Piling 2.2 Load test (tonnes)
2.3 Piles (m)

(a) Driven timber piles

(b) Driven reinforced piles
(c) Driven steel piles

(d) Cast in situ bored piles

3 3.1 Insitu concrete (m3)

Concrete 3.2 Precast concrete (m3)
3.3 Bar and mesh reinforcement (tonnes)
3.4 Formwork (m2)

4 4.1 Any thickness brick/block wall (m3)
Brickworkand 4.2 Glass block wall (m2)

blockwork

5 5.1 Plastering for walls and ceilings (m2)
Finishes 5.2 False ceiling (m2)

5.3 Tiling floors and walls (m2)
(a) ceramic tiles
(b) vinyl tiles
(c) brick tiles
(d) mosaic tiles
(e) glazed tiles
(f) carpet tiles
5.4 Screeding for floors (m2)
5.5 Waterproofing for floors and walls m2)

6 6.1 In situ concrete (m3)

Painting 6.2 Precast concrete (m3)
6.3 Bar and mesh reinforcement (tonnes)
6.4 Formwork (m2)

7 7.1 Metal sheet roof (m2)
Roofing (a) Metal sheet and waterproofing (m2)
(b) Roof support (tonnes)
(i) Steel trusses (tonnes)
(i) Timber trusess (tonnes)
7.2 Clay roof (m2)
(a) Tiles and insulation (m2)
(b) Roof support (tonnes)
(i) Steel trusses (tonnes)
(i) Timber trusess (tonnes)
7.3 Flat concrete roof (m2)

8 8.1 Wardrobes (m2)

Carpentry 8.2 Handrails (m)
8.3 Doors (nos)
8.4 Windows (m2)

Total amount ($)

(Cost model factor = 0.793)
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Table 2.3: Test Results of Cost-significant ModeRoh and Horner, 1995)

Hall 10 Hall 11
(A) Sum of cswg $8 074 48 $7 502 02
(B) Estimated cost of proje $10182 19 $9 460 30
(excluding preliminaries and external wol
[(A)/CMF]
(C) Actual cost of projet $10 254 97 $9 769 30
(excluding preliminaries and external worl
(D) Accuracy of mode -0.71% -3.16%

(excluding preliminaries and external wol
[{(B) - (C)}(C)] x 100%

Cost Estimation Model Factor (CEMF = 0.730)

Using the similar approach as Poh and Horner (19B&g and Yaman
(2005) used the cost significance principle to digyve cost significant model
based on Turkish public residential buildings. Ttyeone (21) reinforced
concrete-framed of four to five stories residenbaildings were studied to
determine the cost significant work items. It wabserved that their
classification of work items differed significantisom Poh and Horner (1995),
and the cost significant work packages identifipplesar to be odd for the author.
For instant there is a cost significant work paekagmed ‘Scaffolding’; ‘Wall
finishes’ and ‘Wall and ceiling plaster’ were seggad into two different
packages. This is very much different from the ficac in Malaysia.
Furthermore, they had not demonstrated any tablgore to show the cost
significant model as Poh and Horner (1995) where development and

validation of the model were comprehensively presgn
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2.10 Cost Significant Elements

Smith et al. (2016) by referring to the standarblished pricing books

in the UK and Australia, had studied and laid ddkeir justifications on which

are the cost significant elements for multi-stoapgrtment block project. They

have stated the usual percentage of the elemergiatathe total building cost

for some of the twelve elements listed.

Table faWulates their brief

justifications against each element so that theSGS be easily identified.

Table 2.4: Cost-significant Elements of Multi-storg Apartment
Block According to Smith et al. (2016)

CsH . . . —
No. Elements NCSE Smith et. al's Brief Justifications

1 Substructure NCSE On multi-storey projects, the ftation costs are spread over a
relatively larger floor area and often only represa small
percentage of the total cost - in the region o¥%d-5

2 Frame (columns, CSE These are relatively high-cost elements reptgsph0-20% of

upper floors) the total cost.

3 Stairs NCSE Stairs are not normally a cost-signifiGeem. On most multi-
storey projects the cost of stairs would only beidmal 1-2%
of the total cost.

4 Envelope (external CSE The envelope can represent 10-20% of the cost.

walls and windows)

5 Exernaldoors NCSE This itemis not usually coghiicant.

6 Roof NCSE On a multi-storey project, roof costs are not ulyusdtable. The
roof has less significance as the number of stoireyeases as
the cost is distributed over higher gross floornare

7 Internal subdivision CSE These can represent 5-10% of the total cosin lopen-plan

(internal walls, office building this is not likely to be a signifiat cost item but
screens, doors) for residential blocks is of critical importance.

8 Finishes (walls, CSE Wallfinishes are related to the design decsiarinternal

ceilings and floors) subdivisions; ceiling and floor finishes are molesely related
to quality selection.

9 Fittings CSE These are an important considerat&prgsenting 5-10% of the
total costs. In residential projects, wardrobeshtoom, kitchen
and built-in fittings when multiplied by the numbafrunits can
be a significant cost item.

10 Services CSE Consistently services rate betweam®@0% of total costs

and they are therefore a very important aspecotsicler.

11 BExternal works

NCSE These are not usually a cagtifiiant item, probably

comprising less than 5% of the total costs. Howgwenr site
with large area and extensive treatment the castdde
substantia

12 Preliminaries

CSE

These are an impotant cost @éern representing 8-15% of
the total.
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According to Smith et al. (2016), there are sevEnaut of the total
twelve (12) elements are CSEs while the balancenarecost significant
elements (NCSEs). The CSEs are (1) Frame, whididas columns and upper
floors, (2) Envelope, which includes external wallsd windows, (3) Internal
sub-division, which includes internal walls, screeand doors, (4) Finishes,
which includes walls, ceilings and floors, (5) Figis, (6) Services, and (7)
Preliminaries. The NCSEs are (1) SubstructureSa)rs, (3) External doors,

(4) Roof, and (5) External Works.

2.11 The Effect of Different Groupings of BuildingElements on CSEs

Lim et al. (2013) carried out a study on CSEs basedhe cost data
collected from the contract documents of a 5-staredium cost walk-up
apartments project in the outskirt area of Klangiéya Malaysia. The elemental
costs of one of the two blocks of the project wex&acted and listed in two
tables, one based on the original BQ format, aoden based on RISM’'s ECA
format for comparison of the cost significant eletsein order to detect the
differences in the cost distribution pattern. EaBI5 displays the elemental
costs of the building based on original BQ formatl dable 2.6 displays the

elemental costs of the building based on RISM’s H@#nat.
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Table 2.5: Element Costs of A 5-Storey Walk-up Apament
Based on Original BQ Format

No. Elements Total Cost of

Element (RM)
1 SUBSTRUCTURE
1A Piling 370,145.40
1B Sub-structure Work 42,632.40
1C Work Below Lowest Floor Finish 128,921.30
2 SUPERSTRUCTURE
2A Frame 439,100.20
2B Upper Floor 326,696.10
2C Roof 247,231.70
2D Staircase & Handrailing 25,638.10
2E External Walls 211,436.20
2F Windows 230,600.00
2G Internal Walls & Partitions 121,881.70
2H Doors & Ironmongery 162,660.00
3 FINISHES
3A Internal Wall Finishes 357,333.25
3B Internal Floor Finishes 264,113.85
3C Internal Ceiling Finishes 53,424.30
3D External Finishes 177,170.30
3E Staircase Finishes 5,256.80
3F Painting Works 147,652.20
4 FITTINGS AND FURNISHINGS 0
5 SERVICES
5A Sanitary Appliances 62,568.00
5B Plumbing I nstallation 497,741.60
5C Refuse Disposal 0
5D Air-Conditioning & Ventilation System 0
5E Electrical & Telephone Services (including Air- 435,873.00
Conditioning, Ventilation & Communication
I nstallation)
5F Fire Protection Installation 0
5G Lift and Conveyor Installation 0
5H Communication Installation 0
5J Special Installation 0
5K Builder’s Profit & Attendance on Services 1,920.00
5L Builder's Work in Connection with Services 17,700.00
Actual Total Bill Value: 4,327,696.40
Mean Bill Value: 196,713.47
Total Bill Value of CSEs: 3,380,271.30
No. of Total Elements: 22
No. of CSE in Total: 10
CSE/TE (per cent): 45.45%
Total Bill Value of CSEs/Actual Total Bill Value: 78.11%
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Table 2.6: Element Costs of A 5-Storey Walk-up Apament
Based on RISM's ECA Format

No. Elements Total Cost of

Element (RM)
1 SUBSTRUCTURE
1A Piling 370,145.40
1B Work Below Lowest Floor Finish 171,553.70
SUPERSTRUCTURE
2A Frame 439,100.20
2B Upper Floor 326,696.10
2C Roof 249,103.70
2D Stairs 32,370.70
2E External Walls 211,436.20
2F Windows & External Doors 317,422.00
2G Internal Walls & Partitions 121,881.70
2H Internal Doors 93,616.00
3 FINISHES
3A Internal Wall Finishes 407,949.25
3B Internal Floor Finishes 264,113.85
3C Internal Ceiling Finishes 71,246.30
3D External Finishes 235,258.70
4 FITTINGS AND FURNISHINGS 0
5 SERVICES
5A Sanitary Appliances 62,568.00
5B Plumbing I nstallation 497,741.60
5C Refuse Disposal 0
5D Air-Conditioning & Ventilation System 26160
5E Electrical & Telephone Services (including Air- 306,498.00
Conditioning, Ventilation & Communication
I nstallation)
5F Fire Protection Installation 3300
5G Lift and Conveyor Installation 0
5H Communication Installation 103215
5J Special Installation 0
5K Builder’s Profit & Attendance on Services 1,920.00
5L Builder's Work in Connection with Services 14,400.00
Actual Total Bill Value: 4,327,696.40
Mean Bill Value: 196,713.47
Total Bill Value of CSEs: 3,625,465.00
No. of Total Elements: 22
No. of CSE in Total: 11
CSE/TE (per cent): 50.00%
Total Bill Value of CSEs/Actual Total Bill Value: 83.77%

From the tabulations of the 2 tables, it is sea tloth the formats have
a total of 22 elements, however the there are shiffegences in the breakdown
methods. For example, the original BQ format digidhe substructure into 3

bills i.e., piling, substructure work, and workddve lowest floor level; whereas
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the RISM’s ECA format divides the substructure iotdy 3 bills i.e., piling and
work below lowest floor finish where sub-structwrerk is included in work
below lowest floor finish. Another significant tifence between the two
formats is for stair. For the original BQ formtte works for stair are divided
into 2 bills i.e., Element 2D Staircase & Handrgjliand Element 3E Staircase
Finishes whereas for the RISM’s ECA format the vedik stair are all included
in one single bill i.e., Element 2D Stairs wherenitludes stair structure, stair
finishes, and stair balustrades and handrails elfQban that, it is observed that
the original format separated Windows and Doorsdainongery in 2 different
bills whereas the RISM’s ECA format includes Windoand External Doors

in one bill and Internal Doors in another.

The main finding for this study was that differgvdys of grouping the
elements have a very great effect on the costfggnt elements of the same
type of building. It was also finalized that 78 ddrcent of the total building
cost is contributed by 45.45 percent of the totahber of elements based on
original BQ format; whereas 83.77 percent of théaltduilding cost is
contributed by 50.00 percent of the total numbeglefnents based on RISM’s

ECA format.

2.12 Research Gap

As mentioned in the problem statement in Chaptérelre is hardly any
study done on cost significant model for residériialdings after the models

developed by Poh and Horner (1995) and Tas and N&2@95). The discovery
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on the use of cost significant models in the ov@ss®untries had initiated the
author’s interest in this area of study. Howevee tb the scarcity of land, to
develop cost significant model for low-rise resitignis no longer beneficial.
As such, the author has aimed to develop a gebheilding cost estimation
model based on CSEs of HRCPs in Klang Valley, Msilayy adopting the

similar method used by Poh and Horner (1995).

Other than Smith et al. (2016) who had studied lamil down their
justifications on which are the cost significanerakents for multi-storey
apartment block project, there has not been anyasistudy on this area. As
such, to find out the local construction industigkeholders’ awareness on cost
significance elements is crucial before the moveeeelop the cost significant
model. This is simply because it will be wasteftltione and effort for the
researcher to proceed with the development of tte#¢ model if the local
construction industry stakeholders have high awss®ron cost significance

theory and the cost significance model has alr&aey widely used.

2.13 Theoretical Framework

Based closely on the methods adopted by Poh ander@t995) in
developing the cost significant model, two theaadtiframeworks for this
research is created to reflect how the researobctbgs would be achieved.
However, the methods were further improved in otdeuit the practice in the
local construction industry. For example, insteddhe identification of the

cost significant items and further grouping intstcsignificant work packages
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used by the former researchers, the grouping methddilding elements by
the Royal Institution of Surveyor Malaysia (RISMpe&mental cost analysis
(ECA) is used. Figure 2.2 shows the schematic dragof the theoretical

framework for RO1 and Figure 2.3 shows the schemdiagram of the

theoretical framework for RO2 and RO3.
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Figure 2.2: Schematic Diagram of the Theoretical Famework for RO1
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Figure 2.3: Schematic Diagram of the Theoretical Famework for RO2
and RO3

2.14 Chapter Summary

This chapter gives the readers to have an in-depdkrstanding of what
is cost estimation. The chapter discusses inlddttie types of cost estimation
models used worldwide. The techniques used whepaping cost estimation
are demonstrated. People involved in building @pdbst estimation model are
also shown so that the selection of the questioaisarespondent can be
reasoned. Cost estimation exercise, constructiojeq cost estimation, and
cost estimation challenges also have been explaoheally. The basic
knowledge on cost estimation is essential for theéeustanding of the whole

part of the thesis. Furthermore, ways of how tret pesearchers developed the

cost significant models and identified cost sigrfit elements have also been
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discussed. The theoretical frameworks are preseatgiVe the readers a clear

idea on how the research objectives is to be aeliev
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction

This chapter displays the subsections on reseasthaus that consist
of quantitative research, qualitative research, arnkled methods research;
research design; data collection methods which csepf literature review,
questionnaire, and case study; questionnaire dalgisss methods that consist
of descriptive analysis, Cronbach’s alpha reli&pilest, mean ranking, Mann-
Whitney U test, and Kendall's tau-b correlation Igsiz; and case study data

analysis method.

3.2 Selection of Research Method

Research definitions abound, especially in textspothose used
consistently emphasize that they have a clear pargBezzina and Sunders,
2013). Kothari (2009) defined research as “a sifierand systematic search
for pertinent information on a specific topic”; aridrther concluded that
research refers to a systematic approach consistipgesenting the problem,
formulating a hypothesis, gathering facts or evidgerevaluating facts and
drawing certain conclusions in the form of a sanfs) to the problem or

generalizing certain theoretical formulations. 1&#rs ed al. (2016) defined
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research as “something that people undertake ierdadfind out things in a
systematic way, thereby increasing their knowledged emphasized that the
two important phrases are ‘systematic way’ andfitto out things’. On the
other hand, the term methodology refers to therteetes used by researchers
in the search for answers to several researchegrs(Taylor et al., 2016). As
such, it can be said that research methodologycsgtparticular systematic
techniques or methods that are typically used dsstfy, collect and interpret

the information and data obtained for the reseautiect.

According to Creswell and Creswell (2018), the aesk methods can
be divided into 3 types: quantitative, qualitatared mixed. They also noted that
one of the key elements of the research framewsrthe different research
methods involving the ways of data collection, gs@l and interpretation
suggested by researchers for their studies. A oelmepsive demonstration as
shown in Table 3.1 has been developed by themskfulreference to consider
the full range of data collection options and tgasrize these methods, for
instant, by the degree of predetermined natureusieeof closed-ended/open-
ended questioning, and the focus on statisticasugemon-statistical data

analysis.

55



Table 3.1: Quantitative, Mixed, and Qualitative Mehods

Quantitative Methods

Mixed Methods

Qualitative Methods

Pre-determined

Both pre-determined

Emerging methods

and emerging methods

Instrument based
guestions

Both open- and closed
ended questions

Open-ended questions

Interview data,
observation data,
document data, and
audiovisual dai

Performance data,
attitude data,
observational data, anc
census da

Multiple forms of
data drawing on alll
possibilities

Statistical and text
analysis

Text and image
analysi:

Statistical analysis

Across databases
interpretatiol

Statistical
interpretatiol

Themes, patterns
interpretatiol

Source: Creswell and Creswell (20

3.2.1 Quantitative Research

Fain (2017) stated that quantitative research aansdiscovering
relationships, causes, and effects as it relatealtulating and evaluating the
relationships between and among variables at afgppeint of time. Whilst
according to Fellows and Liu (2015), The positivityjuiry research method
underpins quantitative research, which is concemmitladl numerical data and
statistics. The Positivity method is a method foliecting observed data by
experimental study. Close-ended questions are tsedollect data. The
information gathered will then be analysed stat@dly. For Yap and Chua
(2018), on the other hand, this research methotéatsl data that can be
analyzed numerically and represented in tablesphgiaor statistics. It is
frequently used to handle large amounts of dat&wdre critical for achieving
high reliability results. In order to generate niegights into the research field,
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the data collected by this method must be justéiand dependable for data

analysis purposes.

Saunders et al. (2016) said that quantitative reeeancentrates on the
statistical analysis of collected survey data. afdeductive method it can be
claimed that statistical data are used to testtibery. Meanwhile, Creswell
(2018) explained that quantitative approach invelextensive experiments
with numerous variables and distinguish the refestiop between or among the
variables. The data obtained is analyzed usingde wariety of statistical
methods. The validity of the data must be assunedvarified. It is important
to make sure that all the respondents have awhelarstanding of the questions

as a result of the data to be gathered in a typieainer.

Quantitative study in simple terms is thereforeedimad for collecting a
large volume of high-reliability data that can hemnerically analyzed to check

the hypothesis and gain new insights into the rebeizeld.

3.2.2 Qualitative Research

Similar to quantitative research, discussions aalitative research have

not been lesser as compared. The followings ane s the quotes observed.

According to Fain (2017), qualitative work seekgdentify meanings
rather than cause and effect, as it focuses orepses and meanings where the

main emphasis is on the generation of social kndgdeand emergent meanings.
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Meanwhile, Kumar et al. (2013) and Mills and Gaw12) had the similar
opinions that qualitative research is investigatiseghe approach examines and

explains human behavior.

Pajo (2018) stated that qualitative research id tssexamine and obtain
answers from the beliefs, behaviors, expectatitaedings and experiences of
people through interviews or group discussionsfoduses on gaining insight
and knowledge on research and produces non-nunegaadn the form of texts,
terms, illustrations and videos; and Fellows and (2015) explained that
qualitative research is always adopted when numledata collected from
quantitative research cannot demonstrate the probMhere the Dbeliefs,
behaviors, expectations, feelings and experientem andividual are being

investigated.

Cresswell (2018) believe that qualitative reseachan interpretive
research approach which exploring and understanthegperspective and
opinions of each individual to the phenomenon wisilunders et al. (2016)
mentioned that qualitative research needs the n&ds&s to have the sense of

instinctive during the data collection process.

Bashir et al. (2008) explained that qualitativeesesh includes the
studied use and compilation of a variety of anehftimaterials (case study,
personal experience, introspective, life story,enniew, observational,
historical, interactional and visual texts) thaffioe problematic moments,

routine and meanings in the life of individualshaB (2020) defined qualitative
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research as a market research method focusing @nadgquisition through
open-ended and conversational communication anddeadloped a figure
showing six frequently used qualitative researclhods as shown in Figure

3.1.

[& QuestionPro
ONE-ON-ONE INTERVIEW & p CASE STUDY RESERRCH
% OURLITATIVE AR,
FOCUS GRoUPS (- 42, Sl RESEARCH B RECORDKEEPNG
' METHODS -

ETHNOGRAPHIC RESERRCH E PROCESS OF DBSERVATION

Figure 3.1: Types of Qualitative Research Methods

In general, qualitative research concepts aressinaple as quantitative
research concepts. It can be any kind of methioaisgroduces findings not
arrived at by statistical procedures or any mednguantification. It is less
structured than quantitative research and it maiaijns at defining a

phenomenon or subject rather than testing it.
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3.2.3 Mixed Methods Research

Mixed methods research is the combination of bathngjtative and
qualitative research methods. The idea of mixedchous research was long
originated in 1959. The research approach of mmethods includes gathering,
combining, evaluating and incorporating both quatitie and qualitative data
and offering a greater and more detailed undersignof research problems
than the quantitative and qualitative approach alf@reswell and Creswell,
2018). Mixed methods research has become an Bingha used and accepted

approach to conducting social research since 2B@ir@an, 2012).

Bryman (2012) developed a classification for mixeethods research
he derived from conducting a content analysis gbieioal articles in refereed
journals in the social sciences. Two criteria weased on i.e., the priority
decision and the sequence decision. The prioatystbn was focused on how
far is a qualitative or a quantitative method thie@pal data-gathering tool or
are they of equal weight? The sequence decisiabased on ‘which method
precedes which?’, or put it another way, does tndiative method precede
the quantitative one or vice versa or is the datkection associated with each
method concurrently? The criteria yield nine polsstypes of classifications

as shown in Figure 3.2.

60



Classifying mixed methods research in terms of priority and sequence

Mixed methods research

Priority

Quantitative
quan->QUAL

Quantitative Qualitative Concurrent
QUAN—qual | qual-QUAN | QUAN+qual

Concurrent Quantitative Qualitative Concurrent
QUAL+quan | QUAN—QUAL | QUAL—QUAN | QUAN+QUAL

Sequence

Qualitative
QUAL—quan

Note: Capitals and lower case indicate priority; arrows indicate sequence; + indicates concurrent

Figure 3.2: Classifying mixed methods research iretms of priority and
sequence (Bryman, 2012)

In this classification as shown in Figure 3.2, upgeese shows priority:
for instant, QUAL shows that the qualitative componhwas the main data-
collection method; lower case shows a more subrgidiae: for instant, qual.
Arrows refer to the sequence: for instant, QUANual means that the
collection of quantitative data was the main metbbdata collection, and the
collection of such quantitative data was carriet lmfore the qualitative data
which had a subsidiary function. The + basicallgams that the quantitative
and qualitative data is more or less collected kanaously. One problem with
this and similar classifications that embellishsithat when reading a study
report, it is not always easy to decide issuesrmiripy and sequences. It is,
however, useful as a way of thinking about funda@esspects of developing

mixed methods studies.

61



3.3 Research Design

Research design is a framework or structure desgrithata collection
and interpretation which is essential in providitihge basis for the whole
research work (Bryman, 2012; Creswell, 2018). Téwearch design shall be
properly planned before a study begins. Accordmnigdthari (2009), Research
design is important to the research study as ilittes the smooth running of
research operations that produce maximum knowledhgereliable findings
with minimal cost and time. Research design isadwance preparation of
strategies for gathering relevant data and metfwdmalyzing and interpreting

data to achieve research objectives.

Research should be conducted if a issue, dispwenteor situation
requires a decision. The research objectives dieedieto determine the details
needed to decide the matter. Data collection appr@adesigned to help solve
the problem. Data are collected, stored, analynediaterpreted to find their
significance. All these separate but interconnegads are included in this
research study, which may help solve the probléwcording to Kumar et al.
(2013), selection of qualitative or quantitativeearch depends on the purpose
of the study, the information needed for the anglyand the availability of
resources such as time, costs and people. lnsnom for both approaches to
be used in a single study known as mixed methotiable 3.2 shows the

differences in characteristics between qualitativeé quantitative research.
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Table 3.2: Qualitative Research versus Quantitativ&kesearch

Characteristic

Qualitative Research

Quantitative Research

Data collection

Focus groups, in-depth

Surveys, structured interviews

method interviews and review of and observations, and reviews of
documents for types of themes records or documents for
numeric information
Approach Inductive process to formulate Deductive process to test pre-
theory or hypotheses specified concepts, constructs
and hypotheses that make up a
theory
Nature Subjective Describes a Obijective. Provides observed

problem/condition from the point
of view of those experiencing it

effects (interpreted by
researchers) of a programme on a
problem/condition

Type of information

Text based

Number based

Sample size

More in-depth information oa
few cases/observations

Less in-depth but more breadth
of information acrosa large
number of cases

Statistical Tests

Doesnot involve statistical test

Uses statistical test$o test the
hypotheses

Validity and
reliability

Depends largely oskill and
rigour of the researcher

Depends largely otihe
measurement instruments used
for the study

Time spent and
expenditure incurred

Lighter in the planning phrase
andheavier during the analysis
phase

Heavier in the planning phrase
andlighter during the analysis
phase

Results

Less generalizabldbecause of
lack of statistical analysis and
limited sample size)

More generalizable

Source: Kumar et al. (2013)

In this research, mixed methods which combine tppli@ation of

questionnaire survey and review of documents wenpl@ed in the data

collection.

Questionnaire survey was employeddoieve the first research

objective which was RO1, to determine the buildoomtractors’ and CQSs’

levels of cost significance awareness of HRCPs lang Valley, Malaysia.

Thereafter, historical cost data of HRCPs were iobth from contract

documents to appraise the CSEs and further geneerabst estimation model
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based on CSEs of HRCPs in order to fulfil the sdcand third research
objectives i.e., ROs and RO3. The quantitative@ggh was selected because
a big numerical data is required to be collecteddtermine the level of cost
significance awareness among the building contraetod CQSs. By using the
questionnaire surveys, the questionnaire coulddiglited to the respondents
with a short period and a huge amount of quantgatiata could be gathered.
After the data were obtained, the numerical datddcbe analyzed in effective
ways by using the Statistical Package for the $&dences (SPSS). However,
to develop the cost estimation model mentionedinviblves interpretive
approach to find out the phenomenon of which aeeGBEs of HRCP where
in-depth scrutiny into the projects’ details is uggd. As such, quantitative
approach is not suitable for this purpose of trseaech as one of the main
characteristics of quantitative approach is thegquires less in-depth but more
breath of information across a large number of ask view of that the
qualitative approach with inductive process to folaie theory or hypotheses

is more appropriate to be used for this purpose.

The research process in this study was generatedeirform of a

flowchart as in Figure 3.3 through modificatiortloé research design according

to McNabb (2013).
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1. Identification of
the research
problem

Identified problem statement of the traditional cost estimation model for

tenderingused in the Malaysian construction industry

. RO1: Todetermine the building contractors'and CQSs'levels of cost
2. Establishresearch significance awareness of HRCPs; RO2: To appraise the CSEs of HRCPs ; RO3: To

objectives develop a building cost estimation model based on CSEs of HRCPs
3. Decide research Mixed methods was used in this study: Qustionnaire surveyin order to achieve
strategy RO1; Historical data collection and in-depth study to achieve RO2and RO3

A pilot study was carried out on the questionnaire to reword confusing
questions before the full survey was started; proper structure of elemental
breakdowns was developed for case study data collection purpose

4. Prepare a research
plan

5. Conducta
literature review

Relevantresearches on costsignificance theory and cost estimation models
were reviewed to identify the research gap

The questionnaire were distributed through Google Form to building
contractors and CQSs; historical cost data of HRCPs were collected by referring
to contract documents of completed projects

6. Collect the data

7. Analyse and
interpretthe data

Data collected through questionnaire survey were analysed to achieve RO1;
Historical projectcostdata were studied in-depth to achieve RO2and RO3

Interpreted the results of analysed data of questionnaire survey; developed a
buildingcostestimation model based on CSEs of HRCPs and validated the cost
estimation model

8. Prepare and
presentthe findings

Figure 3.3: Flowchart of Research Process
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Figure 3.4 exhibits the study flow and detail steépsbridge the current
knowledge gap. It is divided into 3 major sectieash to achieve one research
objective. RO1 which is to determine the buildiegiractors’ and CQSs’ levels
of cost significance awareness of HRCPs in KlanieyaMalaysia, is to be
achieved by questionnaire survey. RO2, which isappraise the CSEs of
HRCPs in Klang Valley, Malaysia, is to be achielwdcase study analysis of
historical project data. The detail steps of howudentify the CSEs are clearly
displayed in the diagram. RO3, to develop a bugdiost estimation model
based on CSEs of HRCPs in Klang Valley, Malaysidpibe achieved also by
case study analysis for RO2. The detail methodwufto construct the model

and steps to validate the model are clearly shown.
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RO 1:

To determine the
building contractors’
and CQSs'’ levels of
cost significance
awareness of HRCPs
in Klang Valley,
Malaysia

RO 2:

To appraise the CSEs
of HRCPs in Klang
Valley, Malaysia

Are the Malaysian building contracto|

and CQSs aware of the cost significarjogeg
technique for estimating constructi
costs of HRCPs' in Klang Valley,
Malaysia?

Quit the research as
the cost significance
technique is already
in use in the local

construction industry|

Proceed to Collect Historical Data of
HRCPsin Klang Valley, Malaysia

v

List and allocate Elemental Costs in accord
to the RISM's ECA breakdowns of 25 Elements

!

Determine the Actual Total Bill Value, (A]
i.e. totaling up the costs ofall the 25 Elements

i

ce

Determine the Mean Bill Value, (B) by dividing the ‘Actua
Total Bill Value’ by the ‘Number of Total Elements
[(B)=(A)/25]

To develop a building
cost estimation model
based on CSEs of
HRCPs in Klang
Valley, Malaysia

'

Identify the CSEs i.e. the Elements that have

elemental costs more than the 'Mean Bill Valug

Determine the Total Bill Value of CSEs, ()
i.e. totalling up the costs ofall the CSEs

y

Determine the No. of CSEs in total, (E)

y

Determine the CostEstimation Model Factor, (CEM
i.e. Total Bill Value of CSEs/ Actual Total Bill (&
[CEMF = (C)/ (A)

v

Develop the Building Co
Estimation Model based

List all the CSEs identified complete
with the breakdown items for pricing

on CSEs of HRCPs in

The Actual Total Bill Value of a new
project can be determined by dividing
the Total Bill Value of CSEs with the
CEMF

Validate
the Model

Determine the Total Bill Value of CSEs, (3
of the historical project for validation

Determine the Estimated Total Bill Value,
where (b) = (a) / CEMF

(

=

)

Determine the Actual Total Bill Value, (c)
of the historical project for validation

Determine the Discrepancy of costmodel,
where (d) =[(b) - (c) / (c)] x 100%

END

1
>< QUESTIONNAIRE SURVEY >
1

CASE STUDY

Figure 3.4: Study Flow and Detail Steps
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34 Data Collection Methods

The data collection is a pivotal phase of a reseatady therefore
researchers must take due care in order to getatealata from the respondents
to attain the research aim and objectives accyralghe process of data
collection shall start after the research probleand objectives have been
established as well as the research design hasspeeified (Kothari, 2009).
There are generally two types of research datahwdme primary and secondary
data. Primary data are collected initially, dibgeind freshly from respondents
for the first time, while secondary data are ddtat thave been obtained,
analyzed, and passed through statistical methodsrbyious researches

(Kothari, 2009).

There have been many statements by researchenmsnagiry data and
secondary data. The basic principle is that pynaata are directly collected
from original sources. According to Hox and Bo€l€05), primary data are
defined as new information directly collected bgearchers and investigators
through surveys, interviews and focus groups. Oh¢he key benefits of
primary data is that data are unique to the stugjgatives. Also, additional
data can be obtained from respondents during tigs gteriod. For Scherbaum
and Shockley (2015), primary data are considerdx tihe original data source
that has not been interpreted and also has notdifecent methods to ensure
the data reliability. Walliman (2011) stated tpetnary data is the easiest way
to record the information and can be conductedutjinaobserved, experienced

or recorded from actual sources. Kumar et al. $2@lhimed that there are four
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basic types of primary data: observations, experimesurveys and in-depth

interviews.

On the contrary, secondary data are data alreadynel from primary
sources and readily accessible to researcherkdordawn study. This is a kind
of data already obtained in the past. Kumar et(2013) mentioned that
secondary data are data from written sources imgugournals, books,
magazines, internet or internal records. Thesdhwenformation that other
researchers have gathered, interpreted and docedheResearchers can easily
access the information and access it through therrlet or information
published. Cheng et al. (2014) explained that rs#&ry data are knowledge
already available and public data gathered by a#srarchers. Because of its
efficiency and availability, it is a strong sourcé data for researchers.
Furthermore, secondary data is important to enhamsearchers' basic
knowledge of the research subject. Popular secgrifta sources include
newspapers, journal articles, government artigtesnals, books, magazines,
and internet searches. Nonetheless, the use ohday data is restricted by
the fact that the selection of respondents and cataction methods are not

under the researchers' control.

First step taken in this research study was tecbthe secondary data
in order to have a broad perspective and underisigquah the cost estimation
techniques used in the local construction industigntify the shortcomings of
the practice and to explore new solution to theesursituation. The secondary

data were collected for the written materials fterature review as reported
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previously in Chapter 2 of this study. Thereaftee primary data for this
research were collected through questionnaire gurared collection of
historical of cost data by referring to the contrdocuments of HRCPs to

achieve the objectives set.

3.4.1 Literature Review

According to Hart (2018), there are two phasesteidture review. In
his definition, phase one of literature review isystematic search of the
recognized sources and resources. This involvelnfinpaper and electronic
sources related to the subject and method(s) ofakearcher by creating a
straightforward search strategy that includes #figisle vocabulary specifying
what will and won't be included in the search. Fharch will include setting
up a comprehensive scheme for the handling of wilhbe a large amount of
information and papers.Phase two is the study, critical evaluation, and
synthesis of existing information on the reseangid, the thesis or issue that
the researcher seeks to tackle. The researchertselarious texts, ideas,
hypotheses, arguments, and interpretations tha&eapmportant to the creation
of the specific theoretical frame of reference andhe use of a particular
methodology. This includes classifying these pien#s systems for objective
examination of these definitions, claims and vasidaterpretations. The
researcher interrogates others' work in criticahleation. The researcher
scrutinizes another chain of reasoning and thefgh®y gave to support their
claim. The study aims to observe the use of a sEmuork by successive

authors; analyze their interpretation and use at thork and analyze the
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synthesis established. The reason for this is togmize errors in claims,
scientific assumptions and hypotheses demonstratngan issue and problem
might gain from applying an existing theory and#echnique and/or practice.
This 'finds the gap' for the study or finds in tliterature what might be

suggested as best practices.

The research topic must be established beforewegethe literature.
Reviewing literature enables researchers to haepateunderstanding of the
subject. The fixed subject will become the cenilela of the researchers for
exploring further on the relevant areas of literatdr his means that literature
review shall be performed after the study topitasided. Literature review will
increase the understanding and enable researoh@esconfident in their ability

(Neuman, 2014).

The literature review should be comprehensive anghsarize the main
literature material of research questions. Accaydp Creswell (2018), there
is no clear, standardized way to perform a liteeatteview, but it is up to
researchers to determine how to do it. Creswdll8? recommended a
comprehensive way with seven steps in conductiliggr@ture review. They
begin with Step 1 which is identifying key worddyeve it is useful for finding
materials in a university library or college libyarSuch key words may emerge
in identification of a topic or may result from preinary readings. Step 2: with
the key words identified, computer can be useetrbsearching the databases
for journals and books related to the topic. S3efocate about 50 reports of

research in journal articles or books related eord#search topic. Step 4: skim
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these papers and chapters of books, pick thosarthaentral to the topic. Step
5: while identifying useful literature materialdin designing a literature map
which is in a form of a visual picture or figure grfoupings of the literature on
the topic. The literature map is useful to illasérhow the study will add to the
existing body of knowledge. Step 6: draft sumnsueé the most relevant
articles. The summaries can then be combinedtivgdinal literature review
in the research report. Include clear referencethe literature follow the
guidelines of the thesis writing. Step 7: assemnible literature review,
thematically structuring or arranging it accordimgimportant concepts. End
the literature review with a rundown of the keyitspand explain how the
specific study contributes to the literature ande®a theme gap. The review
will also refer to the data collection and datalgsia approaches to add to the
literature. At this point, a critique of the péstrature can be advanced and the

flaws in it or problems in its methods can be painbut.

Figure 3.5 shows the simplified diagram of therditare review process

conducted in this research.
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Step 1
Identifying key words

"

Step 2
Search databases for journals/books

.

Step 3
Locate 50 reports or research in articles/book

°

.

Step 4
Skim these articles/ chapters of book

1

"

Step 5
Draw a Literature Map

"

Step 6
Draft summaries of most Relevant Articles

.

Step 7
Assemble the Literature Revie

<

Figure 3.5: Literature Review Process

This present study adopted the seven steps in condua literature
review recommended by Cresswell (2018). The shadyns in the first step by
identifying key words relevant to the cost estimatimodel based on cost
significant elements which include: “cost estimatimodel”, “construction
projects”, “cost estimate”, “cost significance”, 0%t significant model”, “cost

control”, “pre-tender cost estimates”, “tenderiragid other related keywords.

These key words which were resulted from prelimymaadings are very useful
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when finding materials in the university's acadeliary. In the second step,
key words are searched in the online databasesrdudxs to the university
library to find the relevant journal articles oretbost estimation model based
on cost significant elements. Such electronicluizas which can be accessed
by using the university library’s website includeSBE Library, Emerald,
Google Scholar, IEEE Xplore, ProQuest, ScienceDir&copus, Taylor &
Francis Electronic, Wiley Digital Library and Web$cience. In the third step,
around fifty research papers in articles and baeksted to cost estimation
model based on cost significant elements were falumohg the initial phase of
the study. Those research reports in journal agior books were then ranked
by their relevance to the current study. In thertfostep, this initial group of
research reports is skimmed to see if they corteitliterature understanding
to the study on cost estimation model based onsigsificant elements. In the
fifth step, after the useful literature was colegtta literature map was drawn to
show literature groupings related to cost estinmatiodel based on cost
significant elements. This helps demonstrate Huavcurrent study relates to
the literature by placing the current study witthe broader research body. In
the sixth step, the summaries of the most importasearch reports are
presented in the final literature review of thisearch report. Literature
references are used in this analysis by referonitpe Universiti Tunku Abdul
Rahman (UTAR) Thesis Manual (January 2020), sodtiatl list of references
may be included at the end of this report. In thalfi.e., the seventh step, the
literature review is structured thematically basedthe important concepts. It
ends with a review of the key topics and recommgos for how the new

research contributes to the literature.
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3.4.2 Questionnaire

The quantitative methods used in research canvsaped by focusing
on either experimental or non-experimental desldgre experimental research
design aims to assess the effect of the theoryeatrhent intervention on an
outcome. The experimental design is less appriepiwa this research study as
the laboratory performs experimental research lig @ppropriate for scientific
testing. (Surbhi, 2016). Therefore, the non-expental research design was
used in this research study to represent the sudesign. A survey design is
common because it has many advantages, one oflibgrg able to allow the
researcher to easily and quickly collect and amaliie data (Chua, 2012). The
sampling of the survey design is wider than theeerpental design. The
survey design is ideal for field testing to evaduatogram effectiveness (Surbhi,

2016).

The use a questionnaire is popular for social seitudies to address
the questions researchers want to ask their regpsid This research method
can easily reach all possible respondents, as ukstignnaire is printed on
papers distributed either by hand or by email. iAdidally, web-based survey
systems can also be used to submit questionnarpsospective respondents
through electronic means. For this reason, a reisea has the choice of
submitting his questionnaires on papers or in eedat form. Typically, a
guestionnaire is used to gain the respondentsiansof those subjects they are

acquainted with. This process will usually be ctetgd within a very short
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time, as potential respondents already have theeasdn their minds and just

need to reply accordingly.

3.4.2.1 Purpose of Questionnaire

The questionnaire developed in this study was tesetkasure the levels
of cost significance awareness of HRCPs in KlangleyaMalaysia among
building contractors and CQSs. In this case, eddhe targeted respondents
was asked to demonstrate his/her level of agreeameatich of the twenty-five
cost elements shown that the element is a cosifisgnt element based on a
five-point Likert scale. Besides showing the lesehgreement on whether an
element is a cost significant element, the respoindas also asked to provide
his/her demographic details to allow comparisorsroilarities and differences
between responses. In addition, the questionm@ds@ aimed to find out the
most common type of method used in estimating coasbn costs of HRCPs
in Klang Valley during tendering by building conttars and pre-tender
estimates by CQSs. Other than that, the questienas used to determine
whether the cost significance technique to estiratstruction costs of HRCPs
in Klang Valley is being adopted by building comtiazs and CQSs during

tendering and pre-tender estimates respectively.

According to Kothari (2009), a questionnaire isist bf questions
relating to the study objectives and questionsoaganized in a structured and
systematic manner. However, the questionnaire xpeaed to be

understandable and answerable, and all questionst rha answered
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independently by the respondents. A well-desigmssstionnaire is extremely
important in order to attract the attention of taspondents and to obtain their
interest in responding passionately and sincemlyhé questionnaire. It is
therefore necessary to identify the appropriatepssteo be taken when
constructing a questionnaire in order to achiesegiirpose. The appropriate
steps in determining the questionnaire sample swategies used in the
questionnaire development and questionnaire odigtng techniques are

discussed in the following sessions.

3.4.2.2 Questionnaire Respondents and Sample Size

According to Sekaran and Bougie (2016), target fadfmn is defined
as a group of phenomena, objects or persons résearwant to study. A
sample is taken from a population and analyzede rEsearch findings and
outcomes are deduced to the real population. Ketralr (2013) explained that
the population is too big and costly to resear@&wthole population. Sampling
is therefore necessary to classify the respondent® investigated. Sample
size is very significant in research, if it is temall, the outcome can later be
inaccurate. At the other hand, if the sample siralver is too large, it will cost

a lot of money and time to perform the research.

The sample design is usually determined beforeaslaction process.
It is known as a planning method, technique andcemare that allows
researchers to select the study sample from a faygelation. It is important

in determining the sample size and context forélsearch study (Kothari, 2009)
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while according to Chua (2012) and Pajo (20183, the method of choosing a
part of a large population known as a sample tttaiadly represents the entire
population. Chua (2016) mentioned that samplinigcsien is extremely

significant, because it affects the reliability aradidity of the research study.
The study sampling design involves identificatidihe survey frame or target

population, sampling procedures and sample size.

The sampling frame is one of the key areas to remeernwhen the
sampling is planned. It is to set a boundary ®dize of the sample from a
large population group. Nevertheless, a researalysis may have more than
one sampling frame (Turner, 2003) as each samgliae provides the
research subject with various types of informatomd perspectives. In this
research study, there were two group of sampliamés which consisting of
building contractors and CQSs in the constructieidfwithin Klang Valley
area. A total of two groups of sampling were addpb obtain the information
to determine the levels of cost significance awasenof HRCPs in Klang
Valley, Malaysia and the popularity of the use o$tcestimation model based
on cost significant elements in the local constamctindustry. CQSs and
estimators working in quantity surveying consultditms and building
construction firms who had experience in pricingger or pre-tender estimates
of HRCPs in Klang Valley, Malaysia are targetedlss potential respondents
since they were responsible for estimating thegotajosts in their organisations.
In the cases where there was no CQS or estimaitoy beed in the firm, other
personnel involved in doing cost estimates for rtt@mpanies were also

targeted as the potential respondents as longegishidd experience in pricing
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tender or pre-tender estimates of HRCPs in KlanteyaMalaysia. This could
happen in many small and medium sized quantityesiing consultant firms
and building construction firms for the reason ttfs business owners are

normally the ones who prepare the project costnesss.

Methods of sampling are divided into probabilitydamon-probability
sampling. According to Zikmund et al. (2013), lif@lements in a population
have a known, non-zero probability of being pick&ds called 'probability
sampling'. Every participant of the probabilityrggle population has an equal
opportunity to be selected. Differ from probalyisampling, the survey method
is known as 'non-probability sampling’ when thesliikood of any particular
selected population member is uncertain. (Zikmural.e2013). The selection
of participants is based solely on the researclpatsonal opinion. Kumar
(2011) had quite similar explanation on methodsamhpling too. According to
him, probability sampling techniques suggested lecuad independent
probability of sampling from a large populationt nheans the collection of
elements in the sample does not influence certtofs, such as personal
preference. Non-probability sampling approachesewased where the
population is unknown or cannot be determined. Bb&ction of non-
probability samples is based on non-random filggeind subject to researchers'

judgment.

As before mentioned, the targeted respondentsisnrésearch study
were CQSs and estimators working in quantity sungegonsultant firms and

building construction firms who had experience iitipg tender or pre-tender
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estimates of HRCPs in Klang Valley, Malaysia. E#sough there are records
from the official website of Board of Quantity Segors Malaysia (BQSM,
2020) showing the number of CQSs including regesteconsultant QS,
registered professional QS and registered prowasiQ® in Malaysia, there is
no indication whether they are working with quansitirveying consultant firms
or building construction firms. There is also natistical record of how many
personnel are working in the capacity of a CQShaestimator in the Malaysian
construction industry. Moreover, personnel who baperience in pricing
tender or pre-tender estimates of HRCPs in KlanigyaMalaysia may not be
necessary a registered member of the board. Anstle@ario would be that an
estimator who had experience in pricing HRCPs &gl Valley while working
in a CIDB Grade G7 building contractor’'s companythe past few years but
currently is working with a Grade G1 contractoiadah. This is not an odd
case as according to Jayaram (20Mglaysia scored third highest voluntary
turnover rate at 9.5% in Southeast Asia in 201% 3&mple size for this study

was determined by the equation by Krejcie and Moid@70) as shown below:

_Zxpx(1-p)

2
e

Ss

where,

Ss = the sample size

Z = z-value which represents the confidence lewiaardata
p the variabilty of responses

e the sample error

According to Krejcie and Morgan (1970), the equai®suitable when

the targeted population is greater than 100,000this study, the targeted
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population are quantity surveying consultant firamsl building construction
firms. There are 391 quantity surveying consultants registered with BQSM
and about 130,905 building contractors for all ginades from G1 to G7 are
presently registered with CIDB Malaysia. As sutiis equation was deemed to

be suitable for this research to select a repraseatsample size.

Consistent with past studies, a confidence intenfaP®5%, which
represents 1.96 under the normal curve (z), aacha@lke error of 10% were used
to calculate the sample size. According to Nnagle{2019), sample errors of
5 to 20% have often been utilized in constructi@amagement studies especially
exploratory studies. With the variability of resges of 50:50, the sample size
for this study was determined at 97. Therefore, résearcher had aimed at
collecting a sample size of a minimum of 100 resigons with even distribution
of such personnel from quantity surveying consaltirms and building

construction firms.

3.4.2.3 Questionnaire Design

A questionnaire should be user-friendly, look cotapg true, attractive
and motivational in nature and enable respondent®dpond correctly and
accurately. Most importantly, to all respondents nust be clearly
understandable because they are likely to compésisy-to-understand
questionnaires. The questionnaires must be clgaedtand carefully designed.
Questions in the questionnaire must be reliablena@asure what is intended to

be measured to achieve the research objective(s). sibject should be
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interesting or fascinating for the questionnaire e completed by the
respondents. Respondents are motivated to completeiestionnaire if a
summary of the results is to be provided. Confiiddity must be maintained
and thus the answers can only be used as par¢ oétults of the analysis but

not for any other reason (Shao, 2002).

The research guidelines from Kothari (2009) andk K#017) identifies
several questionnaire preparation’s rules that essential for a good
guestionnaire. The questionnaire shall be systealigtorganized in the series
as essential questions first followed by generaWid{edge questions. This is to
prevent fatigue in answering the questionnaire,thadnterest in answering the
guestionnaire is assumed to be diminished aftesriag of time. Moreover,
some respondents might put in answer randomly sidderely in later part of
the questionnaire due to lack of time. In theseasions, the data collected
would be inaccurate and unreliable, particularlyewlthe important questions
are at the end of the questionnaire. In addititve, wording used in the
guestionnaire shall be short, simple, understaedalnd straightforward. The
questionnaire shall provide ample space if theee sabjective questions to
ensure that respondents' ideas are not limitedia@2012) highlighted that the
questionnaire shall include specific directions f@spondents to answer
questions. It shall also provide the intentiontloé questionnaire and the
definition of unfamiliar terms in the questionnateeavoid misunderstanding

by the respondents.
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When designing a questionnaire, the steps to aarisér questionnaire
need to be identified. There are three steps ke tahen developing the
questionnaire. Firstly, the preliminary questidran the literary review are
listed. Secondly, the preliminary questions shdddlivided into a few main
sections which refer to the research objective{goum, 2007). Finally, the
questions included in the questionnaire are dealed here are two forms of
questions included in the questionnaires, openemestions, and closed-
ended questions. Open-ended questions requireshendent to offer full and
thorough answers. Nonetheless, most respondentsotc@ive completed
answers and therefore increase the data analymutly. On the other hand,
the closed-ended questions provide ease to resptnideanswer questions as
there are restricted numbers of answers to beysesbarcher in the close-ended
questions (Fellow and Liu, 2015). Both the opedeszhquestions and closed-

ended questions have been adopted in this research.

Ordinary scales are used to provide details omtimean identification,
classification category of entries and their ragkarder on some underlying
properties (Ingule and Gatumu, 1996). In otherdspthe ordinal scale is used
to measure variables that may be ranked. Likeatesis a commonly used
ordinal scale form which was developed in 1932 liy psychologist Rensis
Likert to measure attitude. This is typically g@&int, or 7-point ordinal scale
respondents make use of to show the extent to vihehagree or do not agree
with a statement (Sulivan and Artinao, 2013). Likecale assumes that

respondents are of a linear intensity of feelings experience. According to
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Revilla et al. (2014), the consistency coefficiehthe data collected increases

with the number of categories.

The questionnaire of this research consists oftal @f 6 sections:
Section 1 - Prequalification Exercise, SectionQufrvey consent, Section 3 -
Respondent’s contact, Section 4 - Respondent’s deaphic profile, Section 5
- Cost significant elements and Section 6 - Loaacice. Prequalification
exercise was set at the very beginning of the cprestire in order to sieve away
unsuitable respondents from participating the dgoesaire survey as the
targeted respondents were personnel who were wprkithe capacity of CQS
related job especially with the experience in pgcfor tendering/pre-tender
estimates for HRCPs in Klang Valley, Malaysia. sT'tias also to avoid the
unnecessary wasting of the respondents’ time dod @fho were actually not
the targeted personnel for the survey. Surveyeamdnshich was included in
Section 2 of the questionnaire was for the purmbgelfilling the requirement
of the university that it is a must to get the it consent of the respondent for
the survey. This section started with introductiorthe respondents the aim of
the survey. It further gave the respondents thimason of the time duration
needed to answer the survey so that they mightddeearlier whether to
continue with it at that point of time. In thiscgien, affirmation on keeping the
information given by the respondents confidentiasvemphasized so that the
respondents were feeling safe and comfortablertccipmte the survey exercise.
Meanwhile, the researcher’'s email address and eaahtact number were
provided to enable the respondents to reach theamgser in case the

respondents had in doubt or unclear of the questasked and thus able to
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answer accurately. Lastly, this section ended thiétresearcher’s appreciation
to the respondents’ assistance in participatingtineey before the respondents
ticked on one of the choices given to agree tog®dcunless otherwise. In
Section 3 - Respondent’s contact, the respondeats wasked to give their
names and email addresses. The purpose of thitovediew the researcher to
keep track on who were the invitees that had dgtualsponded for the
monitoring the responses and also enabled therokseato communicate or
talk to the respondents to make sure they undetstmquestions well. Section
4 of the questionnaire was to find out the respotglelemographic profiles.
Two closed-ended questions were included. Firss we nature of the
respondents’ current companies with only two choiegher CQS or main
contractor. Second was how long were the expegi@idhe respondents in
pricing construction costs of HRCPs in Klang VallMalaysia with five ranges
of the years from ‘5 years and below’ to ‘more tRR@nyears’. In Section 5, the
respondents were requested to show their levegreleanent on how much they
agreed to each of the 25 elements listed is asogsificant element of HRCPs
in Klang Valley, Malaysia. A five-point Likert sl&awhere 1 = strongly
disagree, 2 = disagree, 3 = neither agree normdisag = agree and 5 = strongly
agree had been used to evaluate the awarenes® oéspondents on cost
significant elements of HRCPs in Klang Valley, Mam. Highlights were
given on the exclusions of the scope of study whioh earthworks, piling,
external works, preliminaries and contingency swoshat the respondents
could make their judgement more accurately. Atstume time, the definition
on HRCPs was given for the same intention. Meal@wvbkplanation on

definition of cost significant element was giverttwthe demonstration of an

85



example of building project with 4 elemental bitisaid the respondents to have
a clearer idea of what a cost significant element $ection 6 being the last
section of the questionnaire aimed to determinetineent practice in the local
construction industry of the methods used in egtilgaconstruction costs of
HRCPs in Klang Valley, Malaysia during tenderingfpender estimates and
the respondent’s knowledge on the use of costfgignce technique to estimate

construction cost of HRCPs in Klang Valley, Malaysi

3.4.2.4 Pilot Test

A pilot study is described as a small-scale testtlie evaluation of
guestionnaire validity, efficiency and data measwet (Ballan, 2012; Chua,
2016). Itis a pre-testing procedure before theasampling process is to be
carried out. In addition, Connelly (2008) statest tpilot study is necessary to
establish and check the adequacy of research amolsthe feasibility of full
study. Based on a study by Johanson and Brook®9)260 sets of data from
the population of interest are a fair minimum regoient for a preliminary
survey. Respondents’ feedback is gathered and tsednhance the
questionnaire to make it more accurate and to &seréhe comprehension of

questions (Teijlingen and Hundley, 2001).

In view of the importance of the pilot studies,ilaftest is necessary in
this research in order to avoid obtaining incoreed inconsistent data from the
respondents. As a result, 30 sets of questiorsaiege distributed earlier and

returned in order to undergo a pilot test to chéwek validity, reliability and
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appropriateness of the questions. This pilot grwap excluded from the final
study sample as the respondents had commenteduttstiannaire. This
determined whether the survey could be completethbyrespondents in the
sample and whether they could understand the gusstFeedback from the
pilot test was taken into account and some ofrie&uctions were reworded so
that they could be easily understood. The relighdf the survey was presented
in the data analysis section. Finally, the firedijuestionnaire was used for a

full-scale study.

3.4.2.5 Questionnaire Distribution

As said in the sub-section 3.4.2.2, probabilithteque is not suitable
for this study as the targeted population of redeoits is unknown thus non-
probability sampling technique is therefore usedlic study. There are many
examples of non-probability sampling techniquaristant judgement sampling,
convenience sampling and snowball sampling. Snihsé@apling, as the name
suggests, begins small, but sampling increasdsegwocess continues. This is
also known as 'chain-referral sampling," since he tarly stages, some
respondents that match the study characteristecfoand. Then they serve as
informants to identify those who apply and match #ample characteristics
(Bailey, 1994). The process repeats and the sasigdencreases. Furthermore,
Noy (2008) defined snowball sampling as a technigbereby the researcher
accesses potential respondents through contactmatmn given by other

respondents or informants. This is a repetitivéhioe and the central concept
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is focused on the gathering of information betwedormants, this is why the

'snowball' metaphor is used in the name.

Snowball sampling method is the most suitable semgpéchnique for
this study as the targeted respondents were spabifirequired to have
experience in pricing tender or pre-tender estimatdHRCPs in Klang Valley,
Malaysia. As such, the boundary of the targetedgamies was narrowed down
to only consultant quantity surveying firms andltimg construction firms as
these are the organization where CQSs and estisnater attached to. With
Snowball sampling method, it was faster to achidwe aimed number of

targeted respondents to participate in the quesdios survey.

In the very beginning, the researcher started withtacting some
acquaintances such as former college and universityse mates, friends and
the researcher’s former students from quantity eting courses who were
currently working in the construction industry. eyhwere then invited to
participate in the questionnaire survey if foundttthey were the suitable
respondents for this research study. In the cakese any of the researcher’s
acquaintances was not a qualified respondent ®pakt in this survey, he/she
was asked to recommend other colleagues or frieras were eligible and
might be interested in responding to the questivarsurvey. This helped to
ensure that there was a response from the sanipbteske The process repeated

until the aimed number of respondents were obtained
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Throughout questionnaire collection, the variouslesof questionnaire
management can carry major variations in the qualitthe data collected
(Bowling, 2005). First, it is necessary to obtdia consent of the respondents
before the questionnaire is distributed. It ig¢fiere important to contact the
respondents and the methods of contact, such tas, l&ce-to-face contact,
email and telephone communication. Next, the sgraseused to administer the
guestionnaire affect significantly the quantity anality of the data collected
and the response rates of the respondents. Tls#ausire may be delivered
by hand, by phone, by post or by electronic mathte respondents. Finally,
there were two approaches to administering thetiquesire of this survey.
The first was the mode of interview through verbammunication, where
survey questions were asked to the respondentsghriace-to-face contact or
by telephone. The second was mode of self-admatish where the
respondents needed to answer and fill out the igmssthemselves and there
was no verbal communication between the two pardter designing the
qguestionnaire and determining the sampling size,dghestionnaires for this
study were sent to the targeted respondents byile-hha questionnaires were
created using the Google Form form. The surveys waclosed as hyperlinks
and included in the email with a formal cover letieghlighting the research
objectives. The questionnaires were distributethéorespondents who were
working in the QS consulting firms and building stmction firms in Klang
Valley, Malaysia. Respondents were given approieige? weeks to answer
the questionnaire. After 2 weeks a gentle remindes sent if there was no
response from any of the respondents. Online esuarkeys tend to have higher

response rates than paper surveys, as responeeguiserlittle effort to respond.
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Respondents are free to fill out questionnairesnmous forms and at any time,
including mobile phones and handheld devices ligptdps and tablets
(Kierczak, 2018). The questionnaire data collectmmthis study took around
two and a half months’ time. That was because migie respondents were

very busy with their work.

3.4.3 Case Study

The qualitative approach allows researchers to &d@kspecific topic in
detail and in depth. Researchers are not constrayethe current list of
analyses while approaching fieldwork, which conités to the openness, depth
and detail of qualitative research. It is therefowssible to obtain useful detailed
information on a smaller sample of people as welba cases (Patton, 2014).
According to Maxwell (2012), qualitative researshflexible, as the research
design can be constructed and reconstructed tora mmteworthy degree.
Whilst Saunders et al. (2016) claimed that a loteskearchers formulate their
theories using an inductive approach and the ngterapective will develop a
new theory instead of the current theory. Convgrseime researchers are also
pursuing a deductive approach that scrutinize iegistheory using the
qualitative method. The method of data collectionthe qualitative method
may vary depending on the research needs. All daltaction methods must
take into account the naturalistic and interaatiature of the data. A single data
collection method may be used for the relevantmrese such as semi-structured
interviews or other analytical methods. This canréferred to as a single-

method qualitative method. A multi-method qualitatstudy will involve more

90



than one data collection technique. Qualitativedytis a useful tool for
exploratory studies, which can lead to a hypothast one of the advantages

of this method is that the data collected is n&tura

According to Patton (2014), there are three kindgualitative data.
They can be obtained through (1) interview, (2)eobations and fieldwork and

(3) documents. Table 3.3 shows the three kindsuafitative data with their

definitions.
Table 3.3: Kinds of Qualitative Data
Methods of Collection Definitions of Qualitative Data
Interview Open-ended questions and probes vyield in-depthonsss
about people's experiences, perceptions, opinifaedings,
and knowledge. Data consist of verbatim quotatioiith
sufficient context to be interpretable.
Observations and Fieldwork descriptions of activities, behaviors, tiags,
fieldwork conversations, interpersonal interactions, orgdiomal or
community processes, or any other aspect of obisierhiaman
experience are documented. Data consist of fietdsaaich,
detailed descriptions, including the context witkwhich the
observations were made.
Documents Written materials and documents from organizaticcialical,

or program records; social media postings of atldgj

memoranda and correspondence; official publicatiand

reports; personal diaries, letters, artistic wogdsptographs,
and memorabilia; and written responses to openetsuleeys

are collected. Data consist of excerpts from docuse
captured in a way that records and preserves thiexto

Source: Patton, J., 2014. Qualitative Research &lEation Methods, 4th ed. Lonson:
Sage Publications.

In this research, qualitative research method wrease study of
historical cost data of HRCPs in Klang Valley, Male was utilized to develop

a building cost estimation model based on costifsignt elements. The
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historical cost data was collected by referringctmtract documents from
construction organizational companies. The qual#amethod used in this
research closely follows the methodology adopteBdly and Horner (1995) to
develop a cost-significant model based on histbdost data of student hostels

in Singapore.

3.4.3.1 Case Study Sample Size

The sample size in qualitative analysis clearlycdbss the potential
number of analytical materials and sources. Thevgample size' derives from
guantitative, precise sciences and refers to tleeigion of identifying the
source and materials of data collection prior titection. Defining the sample
size of qualitative research equal to x numberoistrary to the qualitative
research logic. Therefore, the word 'sample s&eiot used frequently in
qualitative analysis, and when used, it is withemegal understanding of its
nature. The much-used word 'saturation’ refetsegdorm close to the ‘'sample
size'. The factual orientation is the startingyai qualitative research, and the
researcher desires to discover about facts. Fbr & approach it makes sense
to use the word 'saturation’. Saturation is useéwa qualitative study has a
factual purpose. The saturation point for the dadavever, is difficult to define

(Eriksson and Kovalainen, 2016).

The concept of data saturation, which is the stédggre no new details
or patterns are found in the data after more iig&rs or cases have been

completed (Guest et al., 2006) is useful when damngig about sample size in
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qualitative research. This approach means thisigéescase study or interview
never is sufficient, as data saturation can onlgden after analyzing at least
two (or usually more) cases. This concept of sargpintil data saturation can
be used to justify the use of a certain sampleisiaay qualitative research that

is guided by this concept (Boddy, 2016).

According to Marshall (2013), apart from choosingeaearch subject
and suitable research design, no other researshtyact more fundamental to
producing reliable research than sufficient sangpliBnsuring adequate data is
a prerequisite to reliable research. Most qualamethodologists openly
recognize the lack of sample size standards. é\s#ime time, some qualitative
methodologists are not bothered by the lack ofause, even if the ambiguous
existence of sample size guidance represents Higajive orientation of study.
Some qualitative methodologists present generaetjnies for sample size for
phenomenological studies. Denzin and Lincoln (1984posed approximately
6, Kuzel (1999) suggested 6 to 8, and accordimgdrse (2000) it should be in
between 6 to 10. Case studies are among the tsiutypes of qualitative study
to classify. Yin (2009) recommended at least 6reeal of evidence while

Creswell (2007) recommended no more than 4 or &scas

In view of the general recommendation by the qatié
methodologists and reference made to Poh and H¢i885), the researcher
decided to collect historical cost data from minimd4 to 6 case studies of
HRCPs in Klang Valley, Malaysia for the purpose d#veloping a cost

estimation model based on cost significant elements

93



3.4.3.2 Case Study Selection Criterion

The case study selection criteria is important simall be determined
before data collection stage as the design of hgghbuildings in the Kuala
Lumpur City Area is built in a variety of shapesldarms. (Ghazali et al., 2016).
It is observed that majority of the HRCPs in Klaviglley are taller than 20
storey high due to the scarcity of land in thisaaexcept those located at more
outskirt of Kuala Lumpur. The selection of HRCRs tase study for this
research is based on the criterion of project lonaheight of the condominium

projects, provision of facilities and designed wadrpark podium.

The first criteria: project location. The selectamhdominium projects
for case study shall be located in the Kuala Lungnd its conurbation (KLC)
as it is one large urban entity which incorpordtescomplete range of urban
functions. The KLC refers to the entire Klang ¥églIRegion as originally
defined by the Klang Valley Study (1972) togethethwnuch of the Kuala
Langat district and the remaining part of the Sepdistrict where the KLIA is
located. It covers a total area of approximatef08,square kilometres, which
is about 40 percent larger than the size of thedMalley Region of 2,843
square kilometres. Since the Kuala Lumpur StrecRlan (KLSP) of 1984, the
other urban centres in the Klang Valley Regionahbt Petaling Jaya, Shah
Alam and Subang Jaya, have grown at a rate thatutstrips that of the city.
There has been strong in-migration to the KLC olet¥{uala Lumpur from all

over the country and net out-migration from Kualaripur into residential areas
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located outside the city. As such, KLC has bectimeeplace where the high-

rise condominium projects have increased exporntia

The second criteria: height of the condominium get§. The selected
condominium projects for case study shall be higaresidential buildings ten
(10) storeys and above in height. Definitions afhhrise buildings differ from
country to country. Parasonis and Gautudis (20@3hpared the different
definition of a high-rise building of the Uniteda®s of America (USA) and
some European countries. A high-rise building ifingel as a structure, the
height of which from the ground to the highest pdinthe USA it is 23 metres;
Germany, France and the UK 22 metres; Lithuanian@@res, Ukraine 73.5
metres and Russia 75 metres. There is no natiwilding code or guidelines
defining the minimum height or number of floors lfh-rise buildings in
Malaysia as mentioned by Lau et al. (2016). Theegfthe definition of high-
rise building in this study is based on InternagicBuilding Code IBC 2009 as
well as National Fire Protection Association NFPdde. Both codes define
high-rise buildings as buildings with a minimum diai of 75 feet (22.9 m)
above ground level. Referring to typical condominibuildings’ floor height
of approximately 3.3 m in Malaysia, 22.9 m is thegiht of a seven-floor
building. However, condominiums less than 10 stdmegh is categorized as
medium-rise (Seo and Omar 2011). As such, themrmim number of storeys

acceptable as high-rise in this study is ten.

The third criteria: provision of facilities. Thelseted condominium

projects for case study shall be with common faedisuch as swimming pool,

95



gymnasium, landscape, 24 hours security systenrtsspourt and so on.
According to Seo and Omar (2011), The Condominisibvasically a “gated and
guarded” mass housing typology and very popularranioegher income urban
dwellers who demanded better living condition, mprevacy, security and
crime prevention features with high quality finidheFrom the viewpoint of
housing typology, a condominium is similar to aament. But the prevalent
meaning in general is a higher cost urban massifpugth shared facilities

and amenities provided by the private developer.

The fourth criteria: designed with carpark podiuithe selected
condominium projects for case study shall be watpark podium instead of
open carparks outside the building. A commonegwabf podium and towers,
a model adopted throughout Asia for nearly all newblic housing
developments. Putting housing on top of the podarovides residents with
not only shopping, sports, community facilitiesisla successful way of dealing
with high-density development, and maximizing tiite stensity (Jenks and

Dempsey, 2005).

3.4.3.3 Case Study Collection Process

Using the approach similar to questionnaire daltacioon, the first step
was to contact some acquaintances for example focoilege and university
course mates, friends and the former students éoamtity surveying courses
who are currently working in the construction inlysto check if contract

documents of completed HRCPs in Klang Valley wevailable in their
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companies. The selection criterion of the HRCP=evedearly briefed to them
so that the suitable projects may be obtained. orf@8#¢ was to obtain the
company’s permission to allow the access to thedats from the documents.
In case any of them was not able to help, he/slseasieed to check with friends

who can offer the assistance.

The main problem encountered during the case statdycollection was
that the contract documents contain private anfigdemntial contents especially
the cost data. According to the Oxford Advancedrheds Dictionary of
Current English, “confidential” means “meant tokagpt secret” or “not told or
shared with other people” (Faruqi, 2011). Quiteqirently there is a
confidentiality provision in the employment contragbat aims to prohibit
employees from sharing sensitive details to anyame failure to meet the
commitments would amount to a breach of contraber&fore, most of the
people approached for the case study data refusedequest especially
building contractors to whom the cost data is tineost secret for the companies
as disclosure of cost data to other people outbiderganization may lead to

the leakage of their pricing strategies to thempetitors.

Fortunately, there were still some friends and farrmoolleagues who
were willing to lend their helping hands to thes@sher. They are the directors
of QS consultant firms who can make important dewssin their organizations.
However, as the service providers to their cliethisy must seek for the clients’
permissions before letting the researcher to haseess to the contract

documents. As such, a cover letter from the usityeof the researcher was
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required to assure that the data collected wikdlely used for the purpose of

the research and be kept confidential and wilbeadisclosed to any other party.

During the data collection, the researcher hadotthg QS consultant
firms to physically refer to the contract documenit$iRCPs in Klang Valley
to capture the information needed for the studiye Gontract documents are in
bulk volume consist of hardbound copies of booksuiting contract drawings.
There is normally one hardbound copy of book fatusnents consist of letter
of award, relevant correspondences of contracemladation of non-collusion,
form of tender, instructions to tenderers, agredraad conditions of contract,
preambles, specification, BQs and appendices. Bduok is normally named as
Volume | of the contract documents. The subsequeluimes of the contract
documents are generally contract drawings whichsists of architectural
drawings and structural drawings. The number &edthickness of the books
for these drawings depend very much on the valukefotal construction cost
and project design. There are usually 5 to 6 nusnbehardbound books for a
project of HRCPs in Klang Valley. The researched ba take a very close
scrutiny at the contract documents in order to sanma the essential data
needed for the study. These data were capturedhatcomputer worksheets
on the spot when collecting the project data. Tiest tedious part of the
process was to regroup the different groupingsudtimg elements following
the standard list of building elements suggestedth@ manual for the
preparation of elemental cost analysis (ECA) fraBi® RISM. Thus, the time
taken for the case study data collection took adaugear as it has been found

that different QS consultant companies have diffesgays of grouping the
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building elements in the BQ even though there lstaof standard building

elements published by RISM.

3.5  Questionnaire Data Analysis Methods

A few analytical software packages can be usedjf@ntitative data
analysis, such as Microsoft Excel and the Sociaérides Statistical Package
(SPSS) (Research Methodology, 2018). There arerelift numbers of
statistical tests that can be performed using SH®S. statistical tests are
divided into two main groups, parametric tests ammh-parametric tests.
Parametric tests are the tests that assumed thadatfa would be normally
distributed, it is often used when there are nowskkor outliner data. In
addition, parametric tests are suitable for laggenple sizes of more than 30
samples (1230) (Marshall and Boggis, 2016). Since there larger sample
size, it is easier to detect differences and m@tatiips between the independent
groups. Examples of parametric tests include siestriance analysis
(ANOVA) and regression tests. On the other haod-parametric tests do not
make any assumption about data distribution. Noapatric tests are
encouraged to be used when the sample size isesrbaltause it is difficult to
detect differences and normality. Examples of parametric tests include the

Mann-Whitney and Kruskal-Wallis tests (Marshall é&8whgis, 2016).

The data analysis process will be carried out afterdata collection
process to analyse all data collected from theomdpnts. Such findings will be

presented in accordance with the research objsctiVhe key aim of data
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analysis is to ensure that data obtained from &spandents are correctly
interpreted to produce reliable study results. iluthe data analysis process,
the data collected will be processed, rearranged w@bulated for the

interpretation of results.

SPSS tools were used in this study to analyseuastgative data. Table

3.4 illustrates the statistical analysis conduetéti SPSS.

Table 3.4: SPSS Data Analysis Framework

Level Type of Analysis Purpose
1 Descriptive Analysis Demographic characteristics of respondents
2 Cronbach's Alpha To check the reliability or internal consistency
Reliability Test among responses
3 Mean Analysis Pattern of rankings and mean scores
4 Mann-Whitney U Test To identify specific methods/factors with
significant disagreement between any two
groups
5 Kendall's tau-b To measure association between two ordinal
Correlation Analysis variables

3.5.1 Descriptive Analysis

Descriptive analysis is one of the simpler anagJtapproaches used to
define a study's basic feature. The survey ddtdeitabulated and presented
in graph form to enable a meaningful presentatibables and charts compared
to raw data allow researchers to comprehend tloenrdtion with one glance.

The aspects analyzed under descriptive analysis thee participating
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respondents ' demographic profile for instant jtéest gender, work experience,
etc. The information is helpful in recognizing ttespondents’ appropriateness

and eligibility.

Two generic questions were raised in this reseavbich included the
nature of the organization and years of experi@éng®icing the construction
costs of HRCPs in Klang Valley, Malaysia. This wagnded to determine

whether these aspects would affect their percemiothe CSEs of the

HRCPs in Klang Valley, Malaysia.

3.5.2 Cronbach's Alpha Reliability Test

Reliability test is widely used in questionnairevays based on Likert
scale to assess the reliability of the sampleon@ach's Alpha is used to test
data reliability or internal consistency. Cronbactpefficient alpha was the
most widely used internal consistency index foinesting the reliability of
measurement instruments such as questionnairdss,saad inventories when
it was developed in 1951. (Raykov, 1997). It's used variety of disciplines,
including sociology (Cortina, 1993). According dJoppe (2000), A reliable
research is a study with an accurate populatioreseptation, and the result can
be interpreted in a similar study. Sekaran andeBmi(2016) stated that the
reliability of a measurement means that it has s land ensures accurate

measurement over time. The formula of Cronbaclpais as shown below:
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Nxe
P+ (N—1)x2

Wheve,
N = pumber of scale items
{ = average of all covariances between items

¥ = average variance of each item

When value of alpha is high, it indicates thattdst is highly correlated.
The alpha value is influenced by the number of #&ma test which may result
in a greater alpha value being measured by a gneateber of items. Different
researchers interpret the alpha scores differenBigr example, Perry et al.
(2014) stated that an alpha score above .75 is tikenean a high reliability
scale, .5t0 .75 is widely accepted as indicatimpderately reliable scale, while
a value below this usually indicates a low religypcale. In general, an alpha
score of more than .7 is usually acceptable. TalHeshows the interpretation

of Cronbach’s Alpha by Sekaran and Bougie (2016).

102



Table 3.5: Interpretation of Cronbach's Alpha

Cronbach's Alpha Range Level of Reliability
a<.6 Poor Reliability
b6<0<.7 Fair Reliability
7<0<.8 Good Reliability
.8<a<.95 Very Good Reliability

Source: Sekaran, U. and Bougie, R., 2016 Reseaathdds for
Business: A Skill Building Approach. John Wiley énS

In this research, the reliability of multiple quesis from the Likert scale
surveys was tested by Cronbach’s alpha reliahiéist. The main purpose of
this test is to examine the reliability of the psytton on the CSEs of the HRCPs

in Klang Valley, Malaysia.

3.5.3 Mean Analysis

According Manikandan (2011), the arithmetic meanthe easiest and
most commonly used method of measuring the cetgnalency. The central
tendency is the statistical test that figures batrheans of the entire distribution.
It is suitable for both discrete as well as comtms data. Whilst in the
explanation by Rajasekar et al. (2013), measuresenfral tendency are to
describe the position of the distribution of datdlected in the research study.
Mean is usually used to examine the relationshipdifterent variables in the

research analysis and investigate whether ther@ ssgnificant difference
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between the samples. Once the mean for each \ariabfletermined, the
variables can be listed by the determined mean.e fbnmula given for

arithmetic mean is:

-

X = Mean of an item
Zx = Sum of an item

# = Total numbers of observations

In this research, the mean is calculated in ordeepresent the overall
average response regarding the respondents’ Ieagreement on the elements
that they are CSEs of HRCPs in Klang Valley, Mailay3he mean specifies
the highest and lowest agreement mentioned. Thablarwith the highest
score indicated the agreement is the highest ax@wdrsa. A comparison can
be observed on the ranking of the level of agre¢merihe elements that they

are CSEs of HRCPs in Klang Valley between buildingtractors and CQSs.

3.5.4 Mann-Whitney U Test

The Mann-Whitney U test is used to determine whdthe independent
variables differ statistically from each other (Wea et al., 2018). It is suitable

for the comparison of differences in the same paport. This test ranks all
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scores in both groups. (Carver and Nash, 2009). Maen-Whitney U test
would test the null hypothesis (HO) and the alteweahypothesis (H1). HO
indicates that there are no significant differerfoetsveen two separate samples,
while H1 indicates that there are significant difeces between two separate

samples.

In this research, the Mann-Whitney U test is usetkst whether there
are significant differences between building coctves and CQSs of their level
of agreement on the elements that they are CSERGPs in Klang Valley,

Malaysia. The hypothesis statements were formédllasving:

HO:  There are no significant differences betweeilding contractors and
CQSs of their level of agreement on the elemeraisttiey are CSEs of

HRCPs in Klang Valley, Malaysia.

H1: There are significant differences betweenddng contractors and CQSs
of their level of agreement on the elements thay Hre CSEs of HRCPs

in Klang Valley, Malaysia

3.5.5 Kendall's Tau-b Correlation Analysis

Kendall's tau-b correlation is a nonparametricaation coefficient that
can be used instead of the Spearman correlatiaarAmg to Perry et al. (2016),
it is to measure association between two ordinahlsbes and takes into account
tied ranks, as to enable the use for small siza skts with a lot of tied ranks.

Kendall's tau-b is a nonparametric measure of trength and direction of
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association between two variables measured onle stat least one ordinal
scale. Kendall's tau-b, for instant, could be auplio see if there is a link
between examination’s grade and time spent doinigioa (i.e., where there
were 5 possible examination’s grades 1, 2, 3,d 5aand time for revising split
into 5 categories: less than 10 hours, 11-19 h@0Gr29 hours, 30-39 hours, and
40 hours or more). Kendall's tau-b can be usedgiod out if there's a link
between customer satisfaction and time of deligeey, where time of delivery
has 4 categories: less than 2 days, 2 to 3 dags 8ays, and more than 5 days;
and measure customer satisfaction in respect ofleébhel of agreement of
customers with the statements, "the time it tooldliver my parcel that am
satisfied with ", where the level of agreement ffizé categories: strongly
disagree, disagree, neither disagree nor agreee agid strongly agree) (Laerd

Statistics, 2022).

In this research study, Kendall's tau-b is adopoetkst whether there
are strong correlations between the respondengssye experience in pricing
HRCPs in Klang Valley, Malaysia and their levelgireement on the elements
that they are CSEs of HRCPs in Klang Valley, Maiaydf the value is equal

to or less than 0.05(0.05), it suggests that the correlation is sigatifit.

3.6  Case Study Data Analysis Method

Elemental costs appeared on the summary page BQlfer a building
project can be analysed by following the similartmoe introduced by the

former researchers so as to determine the CSEhmnddpst contribution in
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percentages to the TBC. The theory underpinning whork is the Pareto’s
principle which state that 80 per cent of the dfisaccaused by 20 per cent of
the causes. As such, we may hypothesize thati8€epe of the TBC is caused

by 20 per cent of the number of elements.

Case study is carried out on six (6) numbers of AR Klang Valley,
Malaysia to develop a building cost estimation nidziesed on CSEs of the
HRCPs. Tabulations are done based on the Royatutiet of Surveyors
Malaysia’s (RISM) elemental cost breakdown of tweifinte (25) elements.
Total cost of each element is captured from thérachdocuments of a project.
Firstly, the ‘Actual Total Bill Value’ is obtainedy totalling up the elemental
costs of the total of twenty-five building elementSecondly, the ‘Mean Bill
Value’ is found by dividing the ‘Actual Total BiNalue’ by the ‘Number of
TE'. Thenthe CSEs and NCSEs can be determinetiésking if the total cost
of each element is greater than or smaller thatiban Bill Value’. A building
cost model is then developed where only the taist of the CSEs need to be
calculated and thereafter by multiplying it witlt@st model factor developed

based on the projects analysed, the total buildosg can be determined.

With the same approach, study is carried out on @yonumbers of

recently completed HRCPs in Klang Valley, Malayisisorder to validate the

cost model developed.
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3.7  Chapter Summary

This chapter has explained in detail the researethod used in this
study which is the mixed methods research. Theteiggps employed in the
research process are as shown in Figure 3.3. &dundary data was obtained
through review of apposite literature which hasnmpted out the idea for the
research design of this study. On the other hhedyrimary data were collected
through questionnaire and case study. The aimegonelents for the
guestionnaire data were CQSs and estimators woikirggantity surveying
consultant firms and building construction firmsontave experience in pricing
tender or pre-tender estimates of HRCPs in KlaneyaMalaysia so that
reliable results can be obtained to achieve thearel objectives 1 and 2. As
for the data analysis and testing, the SPSS #tatisoftware was used. The
case study data collection method was adopted t@irobost data and other
information from historical projects provided by Q@®nsultant firms and
analysed following the similar way adopted by theevpus researcher
dominating this area of research for the ultimatgppse of developing a cost
estimation model based on cost significant elem&ri#RCPs in Klang Valley,

Malaysia. Chapter 4 presents the results of quesdioe survey and case study.
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CHAPTER 4

DATA ANALYSES AND FINDINGS

4.1 Introduction

This chapter discusses the data analyses and dmdh the mixed

methods i.e., both the questionnaire survey anddke study.

4.2 Questionnaire Survey

The data analyses and findings of the questionnaierey are
demonstrated in the subsections on summary of iQuestre data analysis
methods; the response rate; the descriptive asalykithe respondents’
demographic which consists the nature of businédse current company,
experience in pricing HRCPs in Klang Valley, Mal@ysxperience in pricing
HRCPs in Klang Valley, Malaysia between differeature of business, and the
local practice; the results of Cronbach’s Alphaidtelity test; the results of
mean ranking analysis; the results of Mann-Whitbetest; and the results of

Kendall’s tau-b Correlation analysis.
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4.2.1 Summary of Questionnaire Data Analysis Methal

Three out of the six sections where the esserdi@ were collected for

analysis to find out the results in order to achidie first two research

objectives are Section 4: Respondent’s demogragptafile, Section 5: Cost

significant elements, and Section 6: Local Practitable 4.1 shows the

summary of questionnaire data and their analysiboas/tests.

Table 4.1: Summary of Questionnaire Data and Analys Methods

Section Purpose Nature of Question Type of Analysis Method/Test
1 Prequalification 1. Is respondent with experience ¢ Descriptive Analysis
Exercise pricing tender/PTE?
2. s respondent with experience ¢
pricing HRCPs in Klang
Valley?
2 Survey consent 1. Respondent understands the Not Applicable
survey consent and agrees to
proceed with the survey?
3 Respondent’'s Respondent's name. Not Applicable
contact Respondent's email address
4 Respondent’'s Nature of business of Descriptive Analysis
demographic respondent's current company.
profile 2. Respondent's years of
experience in pricing HRCP's ir
Klang Valley.
5 Awareness of 1. Respondent's agreement that Cronbach's Alpha Reliability Test;
Cost significant each of the 25 elements is a :
A Mean Ranking;
elements CSE of HRCPs in Klang Valley ) g
based on the 1 to 5 point scale: Mann-Whitney U Test;
(1=strongly disagree Kendall's tau-b Correlation
—b5=strongly agree) Analysis
6 Local Practice 1. Has respondent been using Descriptive Analysis

traditional method/other
method(s) in pricing HRCP in
Klang Valley?(choose
traditional or other method(s))

2. If other method(s) being used,
respondent to speciffopen-
ended question)

3. Has respondent heard of Cost
Significance Technique to
estimate HRCPs in Klang
Valley? (choose yes or no)

4. Has respondent used Cost
Significance Technique (CST)
to estimate HRCPs in Klang
Valley? (choose yes or n

5. Respondent's choice of how
accurate the CST is based on t
1 to 5 point scalegl=not
accurate~5=very accurate)
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The purpose of Section 1 of the questionnaire tispfequalification
exercise to make sure only qualified responder@sparticipating the survey.
Initially, the survey questionnaire was distributed200 potential respondents
through emails where the email addresses were naataihrough snowball
sampling method as discussed in the previous chapieally, there are only
158 responses received. However, 39 out of thedsgnses were unqualified
respondents where 4 respondents are not with tiperience of pricing
tender/PTE while 35 respondents are with the e&pee of pricing tender/PTE
but not with experience of pricing HRCPs in KlanglMy. Therefore, it was
left with 119 survey questionnaires for analysispmse. Due to 5 cases of
straight liners (Hair et al., 2017) and 2 casesudfiers (Kumar et al., 2013)
detected, 7 survey questionnaires are excludedthendata set after screening
and cleaning data (Pallant, 2016). 112 eligiblestjornaire data are then left
for data analysis. Figure 4.1 shows the computatfdhe survey questionnaire

in a pie chart showing both the numbers and peagest

In Figure 4.1, the whole pie chart represents 108%e total number
of questionnaires distributed, i.e., 200 numberdie T42 unresponded
questionnaire is equivalent to 21% of the total hamof questionnaires
distributed. Following the same principle, 4 rasgents without experience in
pricing tender/PTE 2%,; 35 respondents with expegen pricing tender/PTE
but not for HRCPs in Klang Valley, Malaysia 17%staight lining 3%; 2

outliers 1%; and 112 eligible questionnaire dataafwalysis 56%.
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TOTAL QUESTIONNAIRE DISTRIBUTED = 200 (100%)

Unresponded
questionnaire (42)
\21% Respondents
without
experience in
pricing

\_ tender/PTE (4)

Eligible 2%

questionnaire
data for analysis
(112)
56%

Respondents with
experience in pricing
tender/PTE but NOT

HRCPs in Klang

/ Valley, Malaysia (35)
Outliers (2) 17%

1%

Straight lining (5)
3%

Figure 4.1: Computation of Survey Questionnaire

The final 112 eligible questionnaire data wereistatlly analyzed

using Microsoft Excel and SPSS. Microsoft Excelswased to do the

descriptive analysis for Section 4 and Section 6thef questionnaire i.e.,

respondent’s demographic profile and local pragegspectively. On the other

hand, SPSS was used to carry out Cronbach’s alplebifity test, mean

ranking analysis, Mann-Whitney U test and Kendadis-b correlation analysis

for Section 6: awareness of cost significant elasiérhe findings are seen and

discussed in the following sessions to provide apde understanding and

insight into the analysis.
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4.2.2 Response Rate

There were 158 respondents participated out of 288 set of
questionnaire survey distributed. However, atterdropping out of a total of
39 respondents after the prequalification exerdisere remained only 119
survey questionnaires. As such, the responseaathd participation of overall
respondents was 79% whilst the response rate égpditicipation of qualified
respondents was reduced to 59.5% only. Neverthelesgesponse rates are
considered high as Baruch and Holton (2008) irr teieidy pertaining survey
response rate levels had concluded that the aveesgense rates for studies
which collected data from individuals and studigsich collected data from
organizations were 52.7% and 35.7% respectivelystMmportantly, the
researcher’s aim of collecting a sample size ofismum of 100 has been
exceeded and to have even distribution of suchopeed from quantity
surveying consultant firms and building constructibrms has also been

achieved.

4.2.3 Descriptive Analysis: Respondents’ Demograpdi

This sub-topic describes the survey respondentshodgeaphic
information. The respondents’ demographic backgisumre extremely
significant in examining how respondents of différbackgrounds show their
degree of agreement on how much they agree toagfable 25 elements listed

is a cost significant element of HRCPs in Klangl®al
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4.2.3.1 Respondent Demographic: Nature of BusinesECurrent Company

Figure 4.2 shows the total number of respondertisgoased by the
nature of business of their current companies. questionnaire has fixed the
respondents to be from only two types of companees building contractor
company and QS consultant company. Out of thé e6th12 respondents, 55
are working at building contractor companies and @& working at QS
consultant companies. In terms of percentage, éspondents from main
contractor firms are 49% and the respondents frddnc@nsultant firms are

around 51%.

TOTAL NUMBER OF RESPONDENTS = 112

Building
Contractor (55)
49.1%

QS Consultant
(57) 50.9%

Figure 4.2: Nature of Business of Respondent's Cuent Company

4.2.3.2 Respondent Demographic Profile: Experienda Pricing HRCPs in

Klang Valley

Figure 4.3 shows the total number of 112 resposdeategorised by
experience in pricing HRCPs in Klang Valley, Malaysomparing the 5
experience categories as shown in the questionnaire of the total of 112

respondents, 29 (25.9%) have experience of 5 yearbelow, 35 (31.3%) have
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experience of 6 to 10 years, 14 (12.5%) have egpeei of 11 to 15 years, 18
(16.1%) have experience of 16 to 20 years and 4@3%) have experience of
more than 20 years. Thus overall, there are 489%4p respondents with
experience of more than 10 years and 64 (57.1%preents with experience

of 10 years and below in pricing HRCPs of Klangl&al Malaysia.

TOTAL NUMBER OF RESPONDENTS = 112

More than 20 years 5 years and
(16) 14.3% below (29)
25.9%

16 to 20
years (18)
16.1%

11to 15
years (14)
12.5%

to 10 years
(35) 31.3%

Figure 4.3: Experience in Pricing HRCPs in Klang Véey (5 experience
categories)

4.2.3.3 Respondent Demographic Profile: Experienda Pricing HRCPs in

Klang Valley between Different Nature of Business

Figure 4.4 shows the comparison of the 55 buildimgtractors and the
57 QS consultants categorized by the experienggiang HRCPs in Klang
Valley, Malaysia comparing the 5 experience categoas shown in the
questionnaire. There were 13 (23.6%) building amtors compared with 15
(26.3%) QS consultants for the experience categbry years and below of
experience in pricing HRCPs in Klang Valley, Maliaysl9 (34.5%) building
contractors compared with 16 (28.1%) CQSs for t@egence category of 6

to 10 years; 9 (16.4%) building contractors comgaveh 6 (10.5%) CQSs for
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the experience category of 11 to 15 years; 5 (9.bUlding contractors

compared with 13 (22.8%) QS consultants for theegepce category of 16 to
20 years; and 9 (16.4%) building contractors comgpawrith 7 (12.3%) QS

consultants for the experience category of more #tayears of experience in
pricing HRCPs in Klang Valley, Malaysia. Therefotaere are overall 32
(58.2%) building contractors compared with 31 (854)4)S consultants for the
experience category of 10 years and below whileethee 23 (41.8%) building
contractors compared with 26 (45.6%) CQSs for tkigegence category of

more than 10 years of experience in pricing HR@Rslang Valley, Malaysia.

TOTAL NUMBER OF BUILDINGCONTRACTOR = 55

. 5 years and
More than 20 years below (13)
(9) 16.4% 23.6%
16 to 20 years
(5)9.1% |

11 to 15 years (9
16.4% 6 to 10 years

(19) 34.5%

TOTAL NUMBER OF QS CONSULTANT = 57

More than 20 years
(7) 12.3%

5 years and below

(15) 26.3%
16 to 20
years (13)
22.8%
11 to 15 years §:k0 20 years
(6) 10.5% (16) 28.1%

Figure 4.4: Experience in Pricing HRCPs in Klang Véey between
Building Contractors and QS Consultant (5 experiene categories)
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4.2.3.4 The Local Practice

Table 4.2 shows the results of Questionnaire Se&iwhich aimed at
determining what is the common method used indballconstruction industry
to estimate construction costs of high-rise conadum projects in Klang
Valley during tendering/pre-tender estimate. Tdsults show that the common
method used in the local construction industrystingate construction costs of
high-rise condominium projects in Klang Valley dwgitendering/pre-tender
estimate is the traditional method i.e., pricingm\single item of each element
of BQs. There is no answer from the responden@angrother method used to
estimate construction costs of high-rise condommprojects in Klang Valley
during tendering/pre-tender estimate. The residis show that there are only
23 (20.5%) respondents who have heard of the apsfisance technique, an
alternative method to traditional method of estimgtconstruction cost of a
project. 15 of these 23 respondents are workirg luiilding contractors where
4 of them have 5 years and below experience imgridRCPs in Klang Valley,
Malaysia. Others are 6 to 10 years - 5 respongdristo 15 years - 2
respondents; 16 to 20 years - 1 respondent; anc rti@an 20 years - 3
respondents. On the other hand, 8 of these 23mdspts are from QS
consultants where 3 of them have 5 years and belqwerience in pricing
HRCPs in Klang Valley, Malaysia. Others are 6Q@oygars - 3 respondents; 11
to 15 years - none; 16 to 20 years - 1 respondeat;more than 20 years - 1

respondent.

117



Table 4.2: Results of Questionnaire Section 6 (LocRractice)

Question Type of Answering Method Result
What method have you beer Choose either one: - All the 112 respondents
using in estimating 1. Traditional method i.e., answered that they have been
construction costs of high- price every single item using traditional method i.e.,
rise condominium projects in of each element of bills price every single item of each
Klang Valley during of quantities. element of bills of quantities
tendering/pre-tender and there is no other method
estimate? 2. Other method(s)... to used.

specify

Have you heard of Cost Choose either one: - Answered 'Yes' - 23 respondents
Significance Technique an 1, ves - Answered 'No' - 89 respondents
alternative method to 2 No Answered 'Yes"

traditional method of
estimating construction cost
of a project?

- 15 building contractors (5 years
and below - 4; 6 to 10 years - 5;
11to 15 years - 2; 16 to 20
years - 1; more than 20 years -
3)

- 8 QS consultants (5 years and
below - 3; 6 to 10 years - 3; 11
to 15 years - none; 16 to 20
years - 1; more than 20 years -

1)
Have you ever used the Cos Choose either one: All the 23 respondents who
Significance Techniqueto 1. VYes answered 'Yes' in the previous
estimate construction costs « 2 No question have answered 'No' for
high-rise condominium ' this question.

projects in Klang Valley
during tendering/pretender
estimate?

In general, it is concluded that the common metieet] in estimating
construction costs of high-rise condominium prgeict Klang Valley during
tendering/pre-tender estimate without any othermaditive. The awareness on
the availability of alternative methods example Imoett based on Cost
Significance Technique is very low. Only a smalpplation of QS consultants
and building contractor have heard of this techaiqut no one has ever used
the method. As such they couldn’t give their comimen how accurate the

Cost Significance Technique is.
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4.2.4 Results of Cronbach's Alpha Reliability Test

The results of Cronbach’s Alpha reliability tesbghthe value of .881
for the pilot test data set of 30 respondents @&mumber of items/variables,
whilst for the final data set of 112 respondenéswvalue of .866 with 25 number
of items/variables is shown. Table 4.3 shows ¢vellof reliability of the data
for this study based on Cronbach’s Alpha value wigference to the
interpretations by Perry et al. (2014), and SekarahBougie (2016). It can be
thus concluded that the levels of reliability fat the pilot test data set and
final data set are within the range of high relipiscale according to
interpretation by Perry et al. (2014) or considexgtiaving very good reliability

according to interpretation by Sekaran and Bougd §).

Table 4.3: Level of Reliability of The Data for This Study Based on

Cronbach's Alpha Value
Level of Reliability
Researcher Interpretation on Level of Reliability of The Data for
This Study
Perry et al. (2014) Score above .75 = high reliability scale; High reliability scale
.51t0 .75 = moderately reliable scale;
Below .5 = low reliability scale
Sekaran and a < .6 = Poor Reliability Very good reliability

Bougie (2016) .6 <a < .7 = Fair Reliability
.7 <0, < .8 = Good Reliability

.8 <0< .95 = Very Good Reliabili
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4.2.5 Results of Mean Analysis

Table 4.4 shows the respondents’ levels of agreeprethe statement
that each of the 25 elements listed is a CSE of P&RE Klang Valley, Malaysia
based on a five-point Likert scale where 1 = stlpnlisagree, 2 = disagree, 3
= neither agree nor disagree, 4 = agree and ®Drgiragree. The results were
derived at by using mean analysis method. Thedieeents with the highest
mean values are ‘Frame’, ‘Upper Floors', ‘Interfébor Finishes’, ‘Electrical
Installation’ and ‘Internal Floor Finishes'. ‘Frainehich reaches a mean of
4.35 is the highest; ‘Upper Floors’ which reachesean of 4.17 is the second.
This means that they are very cost significanh&respondents. ‘Internal Floor
Finishes’ which reaches a mean of 3.96 is the ;thigtectrical Installation’
which reaches a mean 3.94 is the fourth; and tatewall Finishes’ which
reaches a mean of 3.85 is the fifth. All the eletm&nth the means above 3.00
but below 4.00 are considered cost significanh®respondents. The lowest
five elements are ‘Builder's Work in Connection WwiServices’, ‘Builder’s
Profit & Attendance on Services’, ‘Stairs’, ‘Refusisposal’ and ‘Internal
Doors’. ‘Builder’s Work in Connection with Servicashich reaches a mean of
2.37 is the lowest; ‘Builder's Profit & Attendange Services’ which reaches a
mean of 2.45 is the second lowest; ‘Stairs’ whighiches a mean of 2.60 is the
third lowest; ‘Refuse Disposal’ which reaches a me& 2.64 is the fourth

lowest; and ‘Internal Doors’ which reaches a meiaB.@2 is the fifth lowest.
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Table 4.4: The Respondents’ Levels of Agreement drhe Statement That
Each of the 25 Elements Listed Is A CSE of HRCPs iKlang Valley,

Malaysia

Statements Mean S;a\/?gt?(;(rjl Cost SLE]Jgicance
2A) Frame 4.35 .596 Very significant
2B) Upper Floors 4.17 .815 Very significant
3B) Internal Floor Finishes 3.96 .67 Significant
5E) Electrical Installation 3.94 .809 Significant
3A) Internal Wall Finishes 3.85 .785 Significant
1A) Works Below Lowest Floor Finish 3.77 1.04 Significant
5@G) Lift and Conveyor Installation 3.77 771 Significant
5D) Air-Conditioning & Ventilation System 3.71 .81 Significant
2E) External Walls 3.66 .982 Significant
3D) External Finishes 3.60 .885 Significant
5B) Plumbing Installation 3.59 .823 Significant
2F) Windows & External Doors 3.52 .93 Significant
5F) Fire Protection Installation 3.45 .948 Significant
3C) Internal Ceiling Finishes 3.34 .896 Significant
4) Fittings and Furnishing 3.28 .979 Significant
2G) Internal Walls & Partitions 3.22 .956 Significant
5A) Sanitary Appliances 3.16 .991 Significant
2C) Roof 3.11 1.017 Significant
5H) Communication Installation 3.07 .887 Significant
5J) Special Installation 3.05 .909 Significant
2H) Internal Doors 3.02 .986 Significant
5C) Refuse Disposal 2.64 .957 Not significant
2D) Stairs 2.60 1.078 Not significant
5K) Builder's Profit & Attendance on Services  2.45 1.089 Not significant
5L) Builder's Work in Connection with Services 2.37 1.057 Not significant

As 3 = neither agree nor disagree which serves @asugral point, it
implies that any mean value greater than 3 is densd as ‘agree that such
element is a cost significant element’ and any mealne smaller than 3 is
considered as ‘disagree that such element is asmpsficant element’. From
Table 4.4, it is observed that there are only 4nelgs with the mean values

smaller than 3, all other 21 elements are withniiean values greater than 3.
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This generally means that the respondents thobght2tl elements out of the
25 elements are cost significant elements. Atpbist of finding, it was still
too early to achieve the research objective ROXlwhimed to determine the
building contractors’ and CQSs’ levels of cost #igance awareness of
HRCPs in Klang Valley, Malaysia. To measure susellef cost significance
awareness, the phenomenon of which are the CSHsedfRCPs in Klang
Valley, Malaysia must be determined by the qualigainethod where historical
cost data were to be obtained by referring to thatract documents of

completed HRCPs in Klang Valley, Malaysia.

4.2.6 Results of Mann-Whitney U Test

Table 4.5 shows the results of the Mann-Whitney$i tomparing the
QS consultant and the building contractor resporstiéevels of agreement on
the statement that each of the 25 elements listedGSE of HRCPs in Klang
Valley, Malaysia. The probability values for all thfe statements, except 3D)
External Finishes, 5D) Air-Conditioning & Ventilath System, and 5F) Fire
Protection Installation, are more than 0.05. Theans that the results are not
significant. For statements 3D) External Finishe®) Air-Conditioning &
Ventilation System, and 5F) Fire Protection Inst#din, the probability values
are less than 0.05, which means that the resdtsignificant. Thus, except the
above three statements, the null hypothesis ispgade It may therefore be
concluded that the levels of agreement on therseie that each of the 25
elements listed is a CSE of HRCPs in Klang ValdMglaysia between the QS

consultant respondents and building contractoromdents are quite similar.
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Table 4.5: Result of The Mann-Whitney U Test Compang the QS
Consultant and Building Contractor Respondents’ Leels of Agreement
on The Statement That Each of The 25 elements Listds A CSE of
HRCPs in Klang Valley, Malaysia

Mann-—\\iicoxon Asymptotic
Statement Whitney W z Slgnlfl_cance
U (2-tailed)
1A) Works Below Lowest Floor Finish 1451.000 3104.000 -.725 469
2A) Frame 1364.500 2904.500 -1.350 177
2B) Upper Floors 1502.000 3042.000 -.420 675
2C) Roof 1448.500 3101500 -.721 471
2D) Stairs 1492500 3145500 -.459 .646
2E) External Walls 1456.500 2996.500 -.698 .485
2F) Windows & External Doors 1278.500 2818.500 -1.822 .069
2G) Internal Walls & Partitions 1292.500 2945.500 -1.683 .092
2H) Internal Doors 1558.500 3098.500 -.055 .956
3A) Internal Wall Finishes 1306.000 2846.000 -1.685 .092
3B) Internal Floor Finishes 1313.000 2853.000 -1.727 .084
3C) Internal Ceiling Finishes 1336.500 2876.500 -1.423 155
3D) External Finishes 1219.000 2759.000 -2.216 .027*
4) Fittings and Furnishing 1369.000 2909.000 -1.212 .225
5A) Sanitary Appliances 1312.500 2852.500 -1.557 .120
5B) Plumbing Installation 1429.500 2969.500 -.868 .385
5C) Refuse Disposal 1539.500 3079.500 -.171 .864
5D) Air-Conditioning & Ventilation System 1178.000 2718.000 -2.465 .014*
5E) Electrical Installation 1383.000 2923.000 -1.167 .243
5F) Fire Protection Installation 1202.000 2742.000 -2.242 .025*
5@G) Lift and Conveyor Installation 1281.500 2821.500 -1.839 .066
5H) Communication Installation 1443.000 2983.000 -.764 445
5J) Special Installation 1480.500 3020.500 -.533 .594
5K) Builder's Profit & Attendance on Services 1516.500 3169.800 -.307 .759
5L) Builder's Work in Connection with Service: 1424.500 2964.500 -.866 .387

Grouping variable: nature of business of resporsleatrent company.
*Significant agp-value < 0.05

4.2.7 Results of Kendall's Tau-b Correlation Analyis

Table 4.6 shows the results of the Kendall's tazelrelation analysis
comparing the overall 112 respondents’ levels otament on the statement

that each of the 25 elements listed is a CSE of PER@ Klang Valley, Malaysia
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based on the 5 categories of years of experiengedbs and below, 6 to 10
years, 11 to 15 years, 16 to 20 years, and more2@gears) in pricing HRCPs
in Klang Valley, Malaysia. It is observed that atliban the statements 2A)
Frame, 5C) Refuse Disposal, 5K) Builder's ProfiAg&endance on Services,
and 5L) Builder's Work in Connection with Servictdee probability values (p-
value) are more than 0.05 indicating that corretetiare not significant. Among
the statements with significant correlations, a@dy) Frame shows a positive
correlation coefficient. This means that the moqeegienced respondents have
higher awareness that frame is a cost significeement. For Statements 5C)
Refuse Disposal, 5K) Builder's Profit & Attendanoa Services, and 5L)
Builder's Work in Connection with Services, theretations coefficients are
negative. This means that the more experiencedonegmts have higher
awareness that these elements are not cost sagtific As such, it may be
concluded that the correlations between the respurtyears of experience in
pricing HRCPs in Klang Valley, Malaysia and thesvél of agreement on the
elements that they are CSEs of HRCPs in Klang YaNtalaysia are generally

not statistically significant.
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Table 4.6: Correlation Between Years of Experienca Pricing HRCPs in
Klang Valley, Malaysia, And Levels of Agreement oThe Statement That
Each of the 25 Elements Listed Is A CSE of HRCPs (N.12)

Statement Correllaltion pvalue
Coefficient

1A) Works Below Lowest Floor Finish -0.017 0.827
2A) Frame 0.197 * 0.019
2B) Upper Floors 0.154 0.058
2C) Roof -0.033 0.674
2D) Stairs -0.060 0.445
2E) BExternal Walls 0.091 0.249
2F) Windows & External Doors 0.058 0.469
2G) Internal Walls & Partitions 0.037 0.639
2H) Internal Doors -0.013 0.869
3A) Internal Wall Finishes 0.149 0.064
3B) Internal Floor Finishes 0.126 0.122
3C) Internal Ceiling Finishes 0.046 0.564
3D) External Finishes 0.085 0.286
4) Fittings and Furishing -0.010 0.894
5A) Sanitary Appliances -0.025 0.746
5B) Plumbing Installation 0.039 0.628
5C) Refuse Disposal -0.182 * 0.021
5D) Air-Conditioning & Ventilation System 0.074 0.355
5E) Electrical Installation 0.124 0.123
5F) Fire Protection Installation -0.091 0.248
5G) Lift and Conveyor Installation 0.018 0.823
5H) Communication Installation -0.054 0.501
5J) Special Installation -0.021 0.787
5K) Builder's Profit & Attendance on Services -0.%¥71 0.028
5L) Builder's Work in Connection with Services -®17 0.030

* Correlation is significant at the 0.05 level @ied).
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4.3  Case Study

The data analyses and findings of the case stwdgtieanonstrated in the
subsections on development of the idea for cashy;stasults for preliminary
study 1; results for preliminary study 2; finalizedteria for case study which
consists of case study revelations, case studgaore actions, and the final
cost estimation model. The final cost estimatiordels section has further
discussed about brief specification of the caseysfrojects, design/shape
information of the case study projects, elemerntat contributions of the case
study projects, the cost estimation model base@®ks of HRCPs in Klang

Valley, Malaysia, and the validation of the costreation model developed.

4.3.1 Development of the Idea for Case Study

At the outset of this research study, the reseattqe initially planned
to study in the area of cost estimation of consitbagprojects. After reviewing
on some literature pertaining to construction essimating, the researcher had
come across the topic called cost significant modgeivhich has attracted the
researcher’s interest in it and thus the reseameded to further explore into
this area of study in order to produce something In@sed on the similar ways
adopted by those researchers expertise on thedabpast significance theory,

which is expected to be of a significant contribatto the body of knowledge.

The research had started with 2 numbers of predingirstudies on

different types of projects before embarking on thetailed scrutiny in
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constructing the final model for this research gtudn the first preliminary
study, a pilot analysis was carried out using @z from a medium-cost
apartment block to test the CSEs and their cogriboions comparing the two
grouping methods i.e., the original BQs’ format d@he RISM’'s ECA format.
The second preliminary study was a study aimedet¢rchining the main
contractors’ awareness levels of the on CSEs of PRRM Klang Valley,

Malaysia.

4.3.2 Results for Preliminary Study 1

The researcher had carried out the preliminaryystud.im et al., 2.13).
The details of the study were discussed in Se@iad. The main finding for
this pilot study is that different ways of groupioigthe elements have very great
effect on the cost significant elements of the stype of building. It was also
finalized that 78.11 percent of the total buildcwst was contributed by 45.45
percent of the total number of elements based iginai BQ format; whereas
83.77 percent of the total building cost was ctatied by 50.00 percent of the
total number of elements based on RISM’'s ECA forrAatthe main intention
of the researcher was to develop a cost estimatiodel which if proved
accurate and useful then may be significant helfdulthe use of the local
construction industry in order to vastly minimizeettime spent for the cost
estimation process, the results shown is less nomg for the type of building
projects to be used. In addition, the comparisaheistudy gives an indication
that in developing a cost model based on costfggnit elements, a standard

method of grouping the elements must be used.uéls, she researcher decided
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to opt the study to other type of building projeet, HRCPs. Another reason
for the change of mind was also due to scarcithefand area in Klang Valley,
Malaysia, housing developers are moving towardstroating high-rise rather

than low-rise residential buildings.

4.3.3 Results for Preliminary Study 2

The preliminary study 2 (Lim et al., 2018) carriat was a statistical
analysis of main contractors’ awareness on CSEREPs. The research was
carried out using Questionnaire method where 23%eguquestionnaire
collected personal interviews were analyzed usargus quantitative methods
to test the level of awareness. The results efgreliminary study show thatin
general, the main contractors’ awareness on CSfisteslow. Moreover, both
the building contractors’ staff in managerial levaind executive levels are
almost having the same awareness levels on CSHRGPs in Klang Valley,
Malaysia. Meanwhile, in the study on a Malaysg@rate university quantity
surveying undergraduates’ awareness on CSEs of HRERee et al. (2016)
where the researcher was involved in, the restitseostudy revealed that the
undergraduates’ knowledge on CSE s is rather widadse studies indicate the
awareness levels on CSEs of HRCPs in Klang VaN&laysia are quite low

both for the working adult contractors and QS ugd®tuates.

However, the questionnaires for the above studiedath based on the
12 elements grouping method developed by Smithl.e{2816). The 12

elements are: substructure (consists of foundaitrmtuding piles), frame
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(consists of columns, upper floors), envelop (cstssof external walls plus
windows), roof, external doors, internal subdiusi@onsists of internal walls,
screens, doors), finishes (consists of wall, ogjlifloor finishes), fittings,

services, external works, and preliminaries. Inwaé this method of elemental
grouping is very much different as compared tovilag of grouping used by
the Malaysian construction industry, it might letad the confusion of the
respondents in answering the questions set irutiveg questionnaires. In view
of this, the researcher decided to recollect thanttative data through
questionnaire using the method of elemental graphown in the manual of
ECA by BQSM so that more reliable result could béamed. The results of

the questionnaire survey have been critically dised in the former chapter.

4.3.4 Finalized Criteria for Case Study

After the makeup of mind of the researcher onype bf building to be
studied to develop a cost estimation model base@3#s which is HRCPs in
Klang Valley, Malaysia, the researcher had staviétl the collection of the
case study projects of HRCPs in Klang Valley, Malayith different designs.
There were generally 2 stages of the case studyatdiections, the first stage
was the collection of case study data for analpsised on the breakdown
comparison of 12 elements grouping method develdyyefimith et al. (2016)
and the second stage was the collection of cady stta for analysis based on
the 25 elements grouping method in accordance th#hRISM’s Manual for

the preparation of ECA.
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During the case study data analysis, the resealdsecome to some
revelations during both stages of the case studigations. During the first
stage of the case study collections, the resealwhey come to the revelation
that for building project without carpark podiura.iwith open carpark outside
the building(s), the element of external works lbees a CSE whereas for
building projects with carpark podium, the elemeniftexternal works become
non CSEs. As such, the researcher has opted tct $elgéding projects with
carpark podium during the second stage of the sas#y collection. On the
other hand, during the second stage of the casly stata collection, the
researcher has come to the revelation that HRCRshvane below 20 storey
high are not having the same CSEs with the HRCRshadre 20 storey high
and above, therefore HRCPs which are below 20ystugh are excluded from

the final case study data for analysis.

4.3.4.1 Case Study Revelations

The researcher has collected and analyzed casg datd from 6
HRCPs with various differences in designs for intgaheight of building,
number of tower blocks, number of storey for cakgaodium, and provision of
carparks in open external area or carpark podiwring the first stage of the
case study collections. The dates of completiortheke six projects were
ranging from September 1996 to September 2009. elémental costs are
tabulated based on the breakdown comparison ofeb2emts grouping method

developed by Smith et al. (2016) as shown in Talie
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Table 4.7: Element Costs of HRCPs in Klang ValleyMalaysia Based on Grouping Method Developed by Snfitet. al.

Total Cost of Element

No Elements jrg'lths Project 1: Project 2: Project 3: ) Project 4: Project 5: ] Project 6: )
Theo 2 block 15&16s (open 3 block 16-22s on 10s 1 block 21s on 6s podium 2 block 22s + 1 block 20s on 1 block 23s on 8s podium 1 block 33s on 5s podium
carpark) podium carpark carpark with facilities floor 5s podium carpark carpark + shops & office carpark + 1 block 7-9s on 2s
podium carpark
1 SUBSTRUCTURE NCSE 1,683,37001 6%  NCSE 11,447,529.6 13%  CSE* 791,614.18 4%  NCSE 10,276,731.58  12% CSE* 5611,459.70 8%  NCSE 4,657,221.21 8%  NCSE
2 FRAME (COLUMNS, UPPER FLOORS) CSE 5,236,89061 19% CSE 22,640,948.1 26%  CSE 5,923,094.16 30% CSE 25,420,455.56  29% CSE 11,683,986.55 17% CSE 9,546,916.2:  17% CSE
3 STAIRS NCSE 368,307.80 1%  NCSE 314,765.2 0%  NCSE 169,467.55 1%  NCSE 856,988.46 1%  NCSE 394,538.38 1%  NCSE 658,593.7¢ 1%  NCSE
4 ENVELOPE (EXTERNAL WALLS AND CSE 1,450,180.75 5%  NCSE* 55689740 6%  NCSE 1,441,018.25 7%  NCS&* 4,960,574.92 6%  NCSE* 5329,024.54 8%  NCSE 3,884,668.55 7%  NCSE*
WINDOWS)
5 EXTERNAL DOORS NCSE 799,680.56 3%  NCSE 988,367.9 1%  NCSE 233,191.52 1%  NCSE 1,613,449.83 2%  NCSE 1548,117.64 2%  NCSE 1,555,179.0¢ 3%  NCSE
6 ROOF NCSE 685,796.30 2%  NCSE 3,703,344.0. 4%  NCSE 177,505.60 1%  NCSE 901,993.21 1%  NCSE 1,754,063.30 2%  NCSE 1,604,995.3¢ 3%  NCSE
7 INTERNAL SUBDIVISION (INTERNAL CSE 1,883,737.11 7%  NCSE 4,167,133.7! 5%  NCSE 1,032,363.29 5%  NCS&* 2,019,903.31 2%  NCSE 6,176,486.48 9%  CSE 4,175573.2z2 7%  NCSE*
WALLS, SCREENS AND DOORS)
8 FINISHES (WALL, CEILING AND CSE 5,729,700.62 21% CSE 9,420,490.3 11%  CSE 3,600,263.39 18% CSE 11,532,537.34  13% CSE 13,401,264.78  19% CSE 10,374,146.87 18% CSE
FLOOR)
9 FITTINGS AND FURNISHINGS CSE 884,800.0C 3%  NCSE' 1,348,060.0 2%  NCSE* 108,478.60 1%  NCSE* 1,173,730.00 1%  NCSE' 482,690.00 1%  NCSE 1,294,046.9¢ 2%  NCSE*
10 SERVICES CSE 4,899,293.0C 18% CSE 15,936,593.6/ 18%  CSE 3,915,096.46 20% CSE 21,925972.49  25% CSE 16,345,247.15  23% CSE 13,550,602.6¢ 24% CSE
11 EXTERNAL WORKS NCSE 2,875,241.6C 10% CSE* 4,643,390.8 5%  NCSE 656,099.38 3%  NCSE 2,865,738.21 3%  NCSE 1,059,541.42 2%  NCSE 2,356,948.81 4%  NCSE
12 PRELIMINARIES CSE 1,008,000.0C 4%  NCSE* 6,798,919.3 8%  NCSE 1,745,500.00 9%  CSE 3,699,836.08 4%  NCSE* 6,603,509.76 9%  CSE 3,081,501.2¢ 7%  NCSE
Actual Total Bill Value: 27,504,998.36  100% 86,978,517.0 100% 19,793,692.38  100% 87,247,910.99  100% 70,389,929.70  100% 57,640,393.90  100%
Mean Bill Value: 2,292,083.20 7,248,209.7 1,649,474.37 7,270,659.25 5,865,827.48 4,803,366.16
Total Bill Value of CSEs: 18,741,125.83 59,445,561.8 15,183,954.01 69,155,696.97 54,210,494.72 33,471,665.74
No. of Total Elements: 12 12 12 12 12 12 12
No. of CSE in Total: 7 4 4 4 4 5 3
CSE/TE (per cent): 33.3% 333% 33.3% 33.3% 41.7% 25.0%
Total Bill Value of CSEs/Actual Total Bill 68.1% 68.3% 76.7% 79.3% 77.0% 58.1%

Value!
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As compared to the seven (7) elements identifie@3Es by Smitlet
al., there are only three (3) elements i.e. ‘Framduoas, upper floors)’,
‘Finishes (wall, ceiling and floor)’ and ‘Servicesf the projects are absolutely
CSEs whereby the other four (4) elements i.e. ‘tEopee (external walls plus
windows)’, ‘Internal Sub division (internal wallsgreens, doors)’, ‘Fittings and
Furniture’, and ‘Preliminaries’ are CSEs or NCSEmies from project to
project. ‘Envelope (external walls plus windowa)id ‘Internal Subdivision
(internal walls, screens, doors)’ are generally B€%or local projects, this is
probably due to the reason that HRCPs' externallswaind internal
walls/partitions are constructed of reinforced cete shear walls thus the
quantities of the brick walls are very minimal asb the cost of the brick walls
is relatively low as compared to the materials usedverseas projects. It is
found that ‘Fittings and Furniture’ is a NCSE fdirtae projects, the reason is,
in local practice the expensive items of fittingsl durniture such as bedroom
furniture including beds, divans, wardrobes; badhmofurniture including
cupboards; kitchen cabinets and etc. are not iedud the contract between
the employer and the building contractor. ‘Pretiaries’ is normally a NSCE,
it could be due to the reason that contractors evaaol price the element high

in order to be competitive to win the jobs.

As compared to the five (5) elements identifiedN&SEs by Smitlet
al., four (4) elements i.e., ‘Stairs’, ‘External Dogr&Roof’ and ‘External
Works’ of the projects are absolutely NCSEs butyoSlubstructure’ varies
from one project to another. This is because #segs of substructure can be

very much different from one project with anothepecially for the pilling

132



works, one project would only need to use normatast reinforced concrete
piles where the soil condition is good while anotheject would need to use

multiple types of heavy designed piling like bopelés and spun piles.

The case study results have not been able to dératms consistent
pattern of the cost contribution of the total buntyl cost. It is suspected that
this is due the type of projects is having too ddeetypes of design. Project 1
consists of 2 blocks of 15 and 16 storey of conddaumns with open carpark
while the other 5 projects are with carpark podiamging from 2 storey to 10
storey. Project 3 which is the oldest project amatigwas completed in
September 1996. There was no shear wall desighdibr the external walls
and internal walls. All the projects completeceafyear 2000 are with shear
walls for both the external walls and internal walWwhen comparing the
external works, it can be seen that only in Projeittis a CSE whereas in all
other 5 projects it is not. This is obviously titas because there is no carpark
due to the project is at the outskirt area of Kl&fadley. Even though in this
attempt the researcher has fail to derive at agstshation model as envisaged,
there is some gaining of the ideas on the selectiberia of the projects in the

later stage of the research.

4.3.4.2 Case Study Corrective Actions

After the failure to develop the cost estimationd®loin the first stage
of case study data collections and analysis, tbeareher without other choice

but to embark onto the second stage of case sttdycdllections and analysis.

133



Subsequently after the learn-from-mistake in thet $tage of case study data
collections and analysis, some corrective actisascarried out in the second

stage.

In view of the completion dates of the 6 projectarf which the case
study data were collected are a bit outdated,raaging from September 1996
to September 2009, thus the first corrective adsda re-collect the case study
data from other new projects rather than using Isacke of the cost data from
those projects. The second corrective action ishamge the method of case
study data analysis from the one based on the too®ak comparison of 12
elements grouping method developed by Smith eébahe one based on the
breakdown comparison of 25 elements grouping meithadcordance with the
RISM’s Manual for the preparation of ECA, as it Heesen proofed that the
former method has failed to demonstrate a comgigtattern of the cost
contribution in order to develop the cost estimativodel. The third corrective
action is to exclude HRCPs without carpark podiuimlevthe fourth is to
exclude HRCPs without shear wall design. Lastlg fifth correction is to
exclude the HRCPs below 20 storey high due to #asan as discussed in

section 5.5.

4.3.4.3 The Final Cost Estimation Model

The final cost estimation model based on CSEs o€Pf has been

developed successfully evolved from the cost da&g mumbers of HRCPs in
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Klang Valley, Malaysia completed in between Mardil@ and June 2015.

Detail information of the said HRCPs is discussethe following paragraphs.

Table 4.8 shows the tabulation of brief specifimatof the case study
projects. The table shows the 25 elements withr thentents and brief
specification of the materials used. In generad, structure of the buildings
reinforced concrete with the traditional constraigctmethod using formwork
i.e., cast in-situ works on site. Grade 30 comci®tised for beams, upper floor
slabs, roof beams, roof slabs and staircases. G3adeoncrete is used for
columns and grade 45 concrete for shear wallsrixitevalls and internal walls
are constructed of common clay bricks. Staircaseassociated with mild steel
railings complete with gloss paint finish. Windoawse made of aluminium
frame complete with glass glazing. Doors are ugusilhgle leaf or double
leaves timber doors with steel door frames and rfated timber door sets.
Lintels for doors and windows are precast condnetels. Wall finishes usually
consist of cement and sand plastering, skim caetgling, ceramic wall tiles,
emulsion paint to interior surfaces and weathegldipaint for exterior surfaces
of the plastered walls. Ceiling finishes are usuaonsisted of either
plasterboard suspended ceiling with emulsion pdinish or skim coat
plastering to the undersides of reinforced concletie complete with emulsion
paint finish. The fittings and furnishings providéar are usually signages,
mirrors, carpark fittings and signages, and childpdayground equipment.
Except the sanitary fittings and appliances, arfdsee disposal which are
usually parked under the main builder's work, otlkesential services like

plumbing installation, air-conditioning and meclai system, electrical
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services, fire protection system, lift installatispecial installation example
extra low voltage system and telephone servicessually incorporated in the
main building contract as prime cost sums. Thélbus profit and attendance
on services are usually priced at around 1 to 2gperof the prime cost sum’s
amount. Builder's work in connection with servicae works for instant
concrete counter tops for basins, reinforced cdadeelges and upstands, brick

encasement walls for the services and the like.
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Table 4.8:

Brief Specification of The Case Study Pjects

ELEMENT

CONTENT OF ELEMENT

BRIEF SPECIFICATION

1. SUBSTRUCTURE

1A) Work Below Lowest
Floor Finish

column bases, pile caps, ground beams, stun
loadbearing brickwork below lowest floor and
ground slabs

Concrete G15 to blinding, G30 to ground beam
and ground slab c/w formwork

2. SUPERSTRUCTURE
2A) Frame

2B) Upper Floors

2C) Roof

2D) Stairs

2E) External Walls

2F) Windows & External Doors

2G) Internal Walls & Partitions
2H) Internal Doors

RC columns, floor beams, roof beams and
fascia beams

Concrete G30 to Beam; G35 in column and
G45 in shear wall ¢/w formwork

RC floor slabs, balconies and structural scree
suspended floors over or in basements

Concrete G30 in floor slab c/w formwork

Roof structure incl RC slabs, trusses, parapet
walls and balustrades at roof level; roof
coverings; roof drainage; roof lights

Concrete G30 c/w formwork to waterproofing
RC flat roof slab; steel roof trusses; metal
deck/concrete roof tiles covering

RC stair structure, stair finishes, stair
balustrades and handrails

Concrete G30 c/w formwork, 900mm mild
steel railing; cement rendering

External enclosing walls incl. basement walls,
retaining walls and diaphragm walls, skin of
brickwork to cladding/curtain walling;
cladding, curtain walling, sheeting rails,
nonstructural fins and sunscreens; BUT
excluding load bearing RC walls

Common clay brick and dpc

lintels, sills, hoods, ironmongery and glazing

RC lintels; aluminium windows incl. glass
glazing

Excluding load bearing RC walls

Common clay brick and dpc

Incl. lintels, sills, hoods, ironmongery and
glazing

RC lintels; timber doors with steel door frame;
fire rated doors

3. FINISHES
3A) Internal Wall Finishes

3B) Internal Floor Finishes

3C) Internal Ceiling Finishes

3D) External Finishes

Finishes to surfaces of walls and columns
internally

Cement sand plaster/skim coat plaster, ceramic
tiles, painting

Preparatory work, screeds, skirtings and
finishes to floor surfaces

Floor hardener, waterproofing, porcelain tiles,
timber strip flooring, painting

preparatory work, plastering and finishes to
soffits; suspended ceiling incl. finishes

Plasterboard suspended ceiling, skim coat
plaster to soffit of concrete slab, painting

Preparatory work and finishes to outside face
external walls, external floor and ceiling

External wall, floor and ceiling finishes similar
to 3A~-3C

4. FITTINGS AND

Fixed fittings incl. shelving, cupboards,

Signages, mirrors, carpark fittings & signages,

FURNISHINGS wardrobes, benches, counters etc.; Blinds, bli children playground equipment.
boxes, curtain tracks and pelmets; Blackboart
pin boards, notice boards, signs, lettering,
mirrors etc.; Ironmongery to fittings; Furniture
curtains, loose carpets and similar soft
furnishing material; Works of art; Non-
mechanical and non-electrical equipment e.g.
gymnasium equipment
5. SERVICES

5A) Sanitary Appliances
5B) Plumbing Installation

5C) Refuse Disposal

5D) Air-Conditioning &
Ventilation System

5E) Electrical Installation

5F) Fire Protection
Installation

5G) Lift and Conveyor
Installation

5H) Communication
Installation

5J) Special Installation

5K) Builder's Profit &
Attendance on Services

5L) Builder's Work in
Connection with Services

Sanitary fittings and appliances

Cold and hot water plumbing, sanitary PC sums
plumbing
Waste compactor, shredders, waste bins, Waste bins

incinerators, skid tanks and the like

Air-conditioning and mechanical system (PC
sum)

Electric supply, electrical fitting and lightning
conductors

Electrical services (PC sum)

Fire protection system (PC sum)

Lift installation (PC sum)

Public address system, telephone installation:
PABX, MATV and the like

Communication installation (PC sum)

Kitchen equipment, laundry, building
automation, security system, gas installation
and the like

Extra low voltage system/Telephone services
(PC sums)

Usually priced at 1~2 percent

concrete counter top, rc ledge and upstand,
brick encasement wall and the like
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Figures 4.5 to 4.12 show the brief designs/shapeabe case study
projects. Each figure shows the building layowt section of the building. The
building layout is to show the plan shape of thiégdng while the section is to
show clearly the information such as numbers akstof the building with the
breakdown of for example basement carpark, comnamilities, carpark
podium, podium floor, condominiums and water tagkel. It is observed
during the case study data collection that theegitbf the projects are
inconsistent in regards with the actual numberstafey of the building. For
instant Case Study Project 1, the title of the gmbjstated 20 storey
condominiums but there are 20 levels of condomisiuom one level of
basement carpark plus 1 level of shops, 6 levetagdark podium and 1 level
of podium floor for common facilities. The totakight of the building is
actually 28 storey counted from the ground leviel.the case for Case Study
Project 3, the title of the project stated 32 starendominiums but there are
only 23 levels of condominiums on one level of eskpbasement plus 8 levels
of carpark podium and 1 level of podium floor facilities. In view of the above
problem in the project titles to reflect the actuamnber of floors of the buildings,
the researcher has described the building titleoviolher own method for
example ‘X’ number of storey condominiums on ‘y’nper of storey carpark
basement plus ‘'z’ number of carpark podium etarater to avoid puzzlement

during comparisons among the projects.

Case Study Project 1 is designed with 1 level gba& basement in an
irregular staggered shape of layout on plan view thuthe project is on a

congested site in a city area. There are 2 resaddiiocks with and 1 office
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block. Block A and Block B are the residentialdie constructed of 20 storey
of condominium units on the link podium which catsiof 10 number of shop
units on ground level, 6 levels of podium carpankl 4 level of podium floor
with common facilities. The condominium floorsBlock A and Block B are
linked on each floor. Block C is an office blodkl® storey high which consists
of 1 level of podium carpark on ground level andldvkls office units. The
whole office block including its basement can bevemiently separated thus is

excluded from this research study.

Case Study Project 2 is designed with 2 levelsigbark basement in an
irregular shape of layout on plan view where thgqut is also on a congested
site in a very prime location of Kuala Lumpur aignter. There are 3 residential
blocks namely Tower A, Tower B and Block C. Thepzsak basement for
Tower A and Tower B is interlinked while carparksbenent for Tower C is
separated to its own. All the 2 tower blocks asastructed of 22 storey of
condominium units on double storey shops (6 utiitegether) on ground level
(podium floor) and mezzanine level and 6 levelspotlium carpark. The
common facilities floors are on the topmost levelle tower blocks. The
condominium floors of Tower A and Tower B are lindken each floor while

Tower C is by its own.

Case Study Project 3 is another building designédiMevel of carpark
basement in an irregular shape of layout on plawyvi There is only 1 tower
block which is constructed of 23 storey of conddomm units on the podium

which consists of 8 levels of podium carpark ardvel of podium floor with
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common facilities. The layout of the tower blockris general L-shape on plan
view.

Case Study Project 4 is designed with a five-staraypark podium
block consist of 2 levels of semi basement carar® 3 levels of podium
carpark in a long rectangular shape of layout an plew. The projectis located
in a very prime area of Kuala Lumpur city centar.tol' here are 2 residential
blocks namely Tower A and Tower B. The carpark podfor Tower A and
Tower B is interlinked. Both the tower blocks amnstructed of 26 storey of
condominium units on 1 level of multi-purpose paditioor on ground level.
Tower A and Tower B are separated at two far endse long podium block.

One level of water tank level is on the topmosbiflon top of the condominiums.

Case Study Project 5 consists of 3 separate biwfdisilding which are
Tower A, Tower B and 1 individual block of carpgokdium. Tower A and
Tower B are identical with 30 storey of condomingion 4 levels of podium
carpark while the individual block of carpark padius constructed of 4 levels
of podium carpark. All the blocks are designed iorag rectangular shape of
layout on plan view. The roof top of the individealrpark podium is the multi-
purpose podium floor. Tower A is linked to the widual carpark podium with
a link bridge/passage on each floor including theipm floor, likewise for
Tower B. One level of water tank floor is on thernwst floor on top of the

condominiums for both the towers.

Case Study Project 6 is a very high-density condam project

designed with 2 levels of carpark basement andoastarey carpark podium
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block in a Johnson Rafter Angle Square Ruler liiegp® of layout on plan view
with a triangular shape of airwell in the centeheille are 4 residential blocks
namely Block A, Block B, Block C and Tower D. Blogkand Block B are
constructed of 34 and 34 storey of condominiumsurespectively on 1 level
of shop units on the podium floor (ground level}l dnlevel of facilities floor
on Level 1. Block C and Block D are both constedciof 35 storey of

condominium units on 1 level of shop units on tbdipm floor (ground level).

Case Study Project 7 is an odd shape building dedign an irregular
shape on plan view. There is only 1 tower blockcWhs constructed of 20
storey of condominium units on the podium which sists of 4 levels of
podium carpark and 1 level of facilities floor. éfpodium floor is on top of the

facilities floor. The building is constructed oinily site.

Case Study Project 8 is designed with 1 level gba& basement in an
irregular shape of layout near to a trapezium oamnpliew. There are 2
rectangular shape residential blocks, Block A ahetB B constructed of 29
and 33 storey of condominium units respectively tbe trapezium shape
podium block which consists of 5 levels of podiusrpark and 1 level of
podium floor with common facilities. There is amared block of 5 storey high
shops building which can be conveniently separtited is excluded from this

research study with the similar situation to Catsels Project 1.

Table 4.9 shows the brief description of all theecstudy projects from

the Case Study Project 1 to the Case Study Pr8je&l the 8 projects show
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differently for the orientation of condominium fio However, they are
generally designed with the condominium units atdhter faces and a corridor
at the center to allow access to the condominiuits.unhis is common for all
condominium design where the living rooms must denfg outside for good
scenery view. Total numbers of condominium urotstiie projects are ranging
from the smallest number of 172 units for the Catsiely Project 7 to 1502 units
for the Case Study Project 6 which is a very highsity project. The numbers
of condominium units per floor are ranging fromtb013 units. The average
numbers (due to there are projects with more tmentdock of tower building)
of storey of condominiums are ranging from 20 stote 34 storey. The
numbers of storey of podium carpark are ranginmfgstorey to 8 storey. The
numbers of storey of others (facilities, shops)etoe ranging from 1 storey to
2 storey except for the Case Study Project 8 wtierdacilities are parked in
the podium carpark level. The total numbers ofest@bove ground are ranging
from 25 storey (the Case Study Project 7) to 3B8gt¢the Case Study Project
6). The numbers of level of basement are rangion ft. to 2. However, there
are 3 projects with no basement. They are the Sas#ty Project 4, the Case
Study Project 5 and the Case Study Project 7. Stbeey heights of the
condominium floors are ranging from 3.00m to 3.50nhe Case Study Project
8 is designed with the highest storey height fer ¢ondominium units. The
storey heights of the common carpark levels aresorgay from 2.90m to
3.15m with the most common height of 3.00m. Evewugh the Case Study
Project 6 is having the largest number of storeyvalground, it is not the tallest
building among all the case study projects. Thiegabuilding is the Case

Study Project 8. This is due to the reason thaCtme Study Project 8 is having
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3.50m for the storey height of the condominium ffoahereas it is only 3.20m

for the Case Study Project 6.
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Block A& B

L27 [ Condominium
Condominium
Condominium
20storeys Condominium Block C
Block 3 Condominium Office L14
(Office) Condominium Office
L8 L Condominium Office
L7 (Podium) Common Facilities Office
Block 2 (Apartment) L6 Carpark Office L6
L5 Carpark Office L5
L4 Carpark Office L4
L3 Carpark Office L3
Block 1 (Apartment) L2 Carpark Office L2
L1 Carpark Office L1
GL (Shops) 13 Shops Office GL (Office)
B Basement Carpark I |
BUILDING LAYOUT SECTION

Figure 4.5: Brief Design/Shape of The Case Study &ject 1
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128 i Facilities

L27 Condominium

Condominium

Condominium

22 storeys — Condominium

Condominium

Condominium

Condominium

L7 Condominium

L6 - Carpark
TowerA TowerB L5 Carpark

L4 Carpark

L3 Carpark

L2 Carpark

L1 Carpark

Mezz [6 b/s Shops

GL (Podium level) | 6 D/S Shops

Bl Basement Carpark

B2 Basement Carpark

BUILDING LAYOUT SECTION

Figure 4.6: Brief Design/Shape of The Case Study &ject 2
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Roof Level

131 (3500 hg) Condominium
L30(3200 hg) Condominium
Basement REPEAT
( L15 Condominium
Podium L14 2 Condominium
L13 23 Storeys Condominium
L12 Condominium
L11 Condominium
L10 Condominium
L9 Condominium
L8 (Podium level) Fecilities
L7 I Carpark
REPEAT
L2 Carpark
| L1 Carpark
Tower GL Carpark
Basement Carpark
BUILDING LAYOUT SECTION

Figure 4.7: Brief Design/Shape of The Case Study &ject 3
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Water tank level

[ 26 storeys

26 (4000 hg) Condominium
L25 (4000 hg) Condominium
REPEAT

L7 Condominium

L6 Condominium

L5 Condominium

L4 Condominium

L3 Condominium

L2 Condominium

L1 Condominium B
TOWEF A Tower B il_lf:odlum level) Muzaf:arrp:(ose

L-2B Carpark

L-3B Carpark

L-4B Semi Basement Carpark

L-5B Semi Basement Carpark

BUILDING LAYOUT

Figure 4.8: Brief Design/Shape of The Case Study &ject 4
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TowerB Tower A

Water tank level

Podium Carpark

L30 (4000 hg) Condoominium
L29 (3300 hg) Condoominium
REPEAT
L8 Condoominium
L7 Condoominium
L6 Condoominium
L5 Condoominium
L4 Condoominium
L3 Condoominium
L2 Condoominium

L1 (Podium level)

Condoominium

30 Storeys

Muti-purpose

P4

Podium Carpark

Podium Carpark

BUILDING LAYOUT

P3

Podium Carpark

Podium Carpark

P2

Podium Carpark

Podium Carpark

P1

Podium Carpark

Podium Carpark

SECTION

Figure 4.9: Brief Design/Shape of The Case Study &ject 5
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Block A

Block B

B/OC/( D

BUILDING LAYOUT

Blk A/B/C/D
134/135/135/135

Condominium

133/134/134/134

Condominium

Blk A-33 storeys/Blk B-34 storeys/
Blk C-35 storeys/Blk D-35 storeys —

Condominium

Condominium

Condominium

Condominium

Condominium

Condominium

Condominium

Condominium

L2 L Condominium

L1 Facilities/Condo(Blk C&D)
GL Shops

Lower Grd Flr 1 Carpark

Lower Grd Flr 2 Carpark

Basement Carpark

Figure 4.10: Brief Design/Shape of The Case Studydject 6
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LG2 and LG1 and Grd Fir
Roof
N\ 15th FIr Condominium
: Condominium

Condominium
20 storeys Condominium
Condominium

Condominium

LG4 and LG3 2nd Fir Condominium
Ist Flr Condominium
Grd Flr Facilities Level
1st FIr Apartments LG1 Carpark
LG2 Carpark
LG3 Carpark
LG4 Carpark

BUILDING LAYOUT SECTION

Figure 4.11: Brief Design/Shape of The Case Studydject 7
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Car Park Podium

BlockB

BUILDING LAYOUT

Below Ground

Roof Level

L33(A)/37(B) (3500 hg)

Condominium

L32(A)/36(B) (3500 hg)

Condominium

REPEAT

L12 Condominium

L11 Condominium

L10 Condominium — 29Floors (Block A)
L9 Condominium 33 Floors (Block B)
L8 Condominium

L7 Condominium

L6 Condominium

L5 (Podium level) Facilities + Condominium

L4 Carpark Shop

L3 Carpark Shop

L2 Carpark Shop

L1 Carpark Shop

GL Carpark Shop

Lower Grd Lev

Basement Carpark

SECTION

Figure 4.12: Brief Design/Shape of The Case Studydject 8
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Table 4.9: Brief Description of The Case Study Pr@cts

Item Description Project 1 Project 2 Project 3 Project 4 Project 5 Project 6 Project 7 Project 8
1 Orientation of condominium  5~6 units parallel one 5 units parallel one 6~7 units parallel one 4 units parallel one 4 units parallel one 6 units parallel one 4 units parallel one 10 units surrounding
floors (common floors) side and 6~7 units side and 6 units side (outer) and 5~6 side and 4 units side with 4 lifts and side and 6 units side and 8 units the lift core (4 nos)
parallel the other side parallel the other side units parallel the parallel the other side one staircase and 4  parallel the other side parallel the other side and staircase (2 nos)
with 2 lifts + 2 with 3 lifts + 2 other side(inner) with ~ with 3 lifts + 2 units parallel the with 4 lifts + 2 with 3 lifts at 8 units  at the centre
staircases. staircases. 3 lifts + 3 staircases. staircases at centre.  other side with one staircases at one side side + 3 staircases. A
staircase. (long (long corrider at long corridor at the
corridor at centre) centre). middle.
2 Total number of 378 643 294 408 472 1502 172 606
condominium units
3 Number of condominium 10~13 10~11 11~13 8 8 10~12 12 10
units per floor
4 Number of storey of 20 22 23 26 30 34 20 31
condominiums (average)
5 Number of storey of Podium 6 6 8 5 4 2 4 5
Carpark
6 Number of storey of others 2 2 1 2 1 2 1 -
(facilities, shops etc)
7 Total number of storey above 28 30 32 33 35 38 25 36
ground
8 Number of levels of 1 2 1 - - 2 - 1
basement
9 Storey height - condominium 3.00m 3.15m 3.20m 3.20m 3.30m 3.20m 3.10m 3.50m
floors
10 Storey height - common 3.00m 3.15m 2.90m 3.00m 3.00m 3.00m 3.00m 3.00m

carpark levels
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Table 4.10 shows the tabulation for results of eletal costs of the 6
case study projects from the Case Study Projectthiet Case Study Project 6.
This tabulation does not include the Case StudyeBr@ and the Case Study
Project 8 because they will be used for validatbthe cost estimation model
in the later stage. The CSE is determined by checits elemental cost which
value is greater than the mean bill value. It carséen from the table that there
are 8 numbers of CSEs in each of the 6 case stogcgs, and the CSEs are all
the same for all the projects. The CSEs are ‘Frafigper Floors’, ‘Window
& External Doors’, ‘Internal Wall Finishes’, ‘Intaal Floor Finishes’, ‘External
Finishes’, ‘Plumbing Installation” and ‘Electricihstallation’. The average
cost and percentage of each of the element camrtheef developed from Table
4.10 to determine the mean ranking of the signifteaof the cost of each

element. The resultis displayed in Table 4.11.

In Table 4.11, it can be seen that out of the ®@6Es, ‘Frame’ (with
the contribution of 22.34% to the actual total balue), is ranked number 1;
followed by ‘Window & External Doors’ (9.73%), raedd number 2; ‘Upper
Floors’ (9.71%), ranked number 3; ‘Electrical Idstaon’ (8.61%), ranked
number 4; ‘Internal Floor Finishes’ (7.19%), rankadmnber 5; ‘Internal Wall
Finishes’ (5.49%), ranked number 6; ‘External Fies (4.95%), ranked
number 7; and ‘Plumbing Installation’ (4.73%), radknumber 8. All the 17
NCSEs are with the contributions of less than 4.@@%e actual total bill value.
‘Air-Conditioning & Ventilation System’ which is wh the highest cost among
all NCSEs, contributes 3.07% to the actual tothlvgilue. The contribution

rates of ‘Work Below Lowest Floor Finish’, ‘Extedn&Valls’, ‘Lift and
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Conveyor Installation’, ‘Communication Installatiand ‘Roof are in between
2% to 3% to the actual total bill value. For thevést ranked 4 elements which
are ‘Refuse Disposal’, ‘Builder's Work in Connectiwith Services’, ‘Builder's
Profit & Attendance on Services’ and ‘Special Ifiatéon’, the contribution

rates are extremely low which are ranging from %16 0.58%.

It is obvious that the ‘Frame’ element alone hadriouted to more than
20% to the actual total bill value, plus ‘Upper &il® it comes to be more than
30% to the actual total bill value. The totaling-efpall the cost of the 8 CSEs
has come to 72.75% to the actual total bill vali@us, based on this
phenomenon, a generic cost estimation model bas&b&s of HRCPs can be

developed with a high level of confidence.
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Table 4.10: Elemental Costs of The Case Study Prajs

Total Cost of Element
Project 1: Project 2: Project 3: Project 4: Project 5: Roject 6:
2 blocks 20s (473 units) on 18 block 22s (643 units) on 2s1 Block 23s (294 units) on 12 Blocks 27s (408 units) on 2 Blocks 30s (472 units) on 4 Blocks 33~35s (1502 units)
basement car park + 1s shopasement carpark + 2s shofgsmsement car park + 8s 2s semi-basement car park 4s podium car park on 4 lower ground podium car
+ 6s podium car park at podium level + 6s podium podium car park 3s podium car park + 1 park + 1s shops + 1s Facilties

Elements

car park podium level cum condo
1 Work Below Lowest Floor Finish 3,074,746.73.74% 4,358,322.502.74% 2,749,353.583.69% 2,327,953.482.43% 1,875,412.531.36% 9,460,240.653.65%
2 Frame 24,336,754.2829.62% CSE  33,484,750.931.08% CSE 17,309,980.293.20% CSE 19,748,463.830.58% CSE 26,743,962.939.35% CSE 59,072,469.822.81% CSE
3 Upper Floors 8,898,293.6510.83% CSE 17,385,562.600.94% CSE  7,351,503.169.85% CSE  7,950,865.99.29% CSE 11,798,368.4B.54% CSE 25,165,194.9P.72% CSE
4 Roof 1,394,410.00 1.70% 1,379,897.400.87% 1,702,350.902.28% 2,015,475.512.10% 3,883,687.102.81% 6,276,949.622.42%
5 Stairs 1,386,256.50 1.69% 1,814,936.001.14% 646,600.15 0.87% 1,319,725.671.38% 1,250,177.830.90% 2,111,746.580.82%
6 External Walls 1,557,513.55 1.90% 2,314,753.251.46% 1,117,679.691.50% 3,695,855.983.85% 5,420,062.963.92% 9,655,126.513.73%
7 Windows & External Dool 4,252,589.0 5.18% CSE 24,815601.1 15.62% CSE  4,786,068.4 6.42% CSE 13818,402.4 14.40% CSE 16,522,013.7 11.96% CSE 14,491,007.4 5.60% CSE
8 Internal Wals & Partitions 1,189,139.0Q..45% 2,123,084.601.34% 1,232,162.551.65% 1,451,779.051.51% 2,849,745.722.06% 3,400,150.071.31%
9 Internal Doors 1,298,357.29 1.58% 5,247,337.313.30% 672,192.350.90% 2,133,529.822.22% 1,824,519.571.32% 2,512,341.090.97%
10 Internal Wal Finishes 4,257,223.7%.18% CSE  7,173/447.004.52% CSE  4,792,339.1%.42% CSE 6,815,853.207.10% CSE 6,331,649.884.58% CSE 15,056,499.7%.81% CSE
11 Internal Floor Finishes 4,657,321.18.67% CSE 8,086,509.806.09% CSE  7,153,684.00.59% CSE 8973,796.709.35% CSE  8,291,613.416.00% CSE 20,947,986.938.09% CSE
12 Internal Ceiling Finishes 1,401,893.00.71% 2,452,220.501.54% 1,360,468.921.82% 983,645.39 1.03% 1,344,478.900.97% 3,890,582.181.50%
13 External Finishes 3,899,343.74 4.75% CSE  7,006221.104.41% CSE 3,860,491.475.18% CSE 4,498571.224.69% CSE 9,045,030.536.55% CSE 11,689,684.344.51% CSE
14 Fittings and Furnishir 576,723.5 0.70% 2,454,191.5 1.54% 821,011.5 1.10% 1,383,450.9 1.44% 2,373627.4 1.72% 2,385,811.2 0.92%
15 Sanitary Appliances 973,505.00 1.18% 1,959,520.201.23% 1,172,565.001.57% 1,400,000.001.46% 2,286,818.751.65% 3,220,363.471.24%
16 Plumbing Installation 3,342,271.25 4.07% CSE  6,600,000.004.15% CSE  3,495,612.514.69% CSE 4,200,000.004.38% CSE  7,314,000.006.29% CSE 13,300,000.0(6.14% CSE
17 Refuse Disposal 179,197.00 0.22% 300,000.00 0.19% 134,900.000.18% 340,000.00 0.35% 25,863.00 0.02% 331,430.500.13%
18 Air-Conditioning & Ventilation System 1,450,000.001..76% 4,200,000.002.64% 2,972,373.003.98% 1,800,000.001.88% 5,034,261.503.64% 9,400,000.003.63%
19 Electrical Installation 8,788,000.000.70% CSE 11,800,000.00.43% CSE 5,330,341.757.15% CSE  4,240,000.004.42% CSE 11,784,000.08.53% CSE 27,700,000.000.70% CSE
20 Fire Protection Installation 2,036,018.00.48% 2,250,000.001.42% 995,700.00 1.33% 840,000.00 0.88% 2,260,000.001.64% 4,470,000.001.73%
21 Lift and Conveyor Installation 1,299,000.00..58% 3,500,000.002.20% 2,070,000.002.77% 2,088,000.002.18% 4,280,000.003.10% 9,000,000.003.47%
22 Communication Installation 1,512,000.00.84% 5,500,000.003.46% 1,847,256.202.48% 2,875,014.003.00% 2,946,000.002.13% 3,020,000.001.17%
23 Special Installation 190,480.00 0.23% 1,163,000.000.73% 256,957.00 0.34% 180,000.00 0.19% 2,040,000.001.48% 900,000.00 0.35%
24 Builder's Profit & Attendance on Servic 184,272.8 0.22% 759,000.0 0.48% 419,445.7 0.56% 378,760.2 0.39% 611,680.0 0.44% 1,525,320.0 0.59%
25 Buider's Work in Connection with Services 23,680. 0.03% 724,548.900.46% 345,871.600.46% 477,811.58 0.50% 54,390.00 0.04% 11,034.90 0.00%
A Actual Total Bill Value: 82,158,949.32 100% 158,852180 100% 74,596,909.06 100% 95,936,955.02 100% 1386031 100% 258,993,940.02 100%
B Mean Bill Value: (=A/D) 3,286,357.97 6,354,116.19 8BB76.36 3,837,478.20 5,527,654.57 10,359,757.60
C Total Bill Value of CSEs: 62,431,796.81 116,352,682. 54,080,020.78 70,245,953.36 97,830,638.96 187,22®4
D No. of Total Eements: 25 25 25 25 25 25
E No. of CSE in Total: 8 8 8 8 8 8
F CSE/TE (per cent): (E/D) 32.00% 32.00% 32.00% 32.00% 32.00% 32.00%
G Total Bill Value of CSEs/Actual Total Bill Valu¢C/A) 75.99% 73.25% 72.50% 73.22% 70.79% 72.37%
H Cost Estimation Model Factor (CEMF) = G 0.760 0.732 0.725 0.732 0.708 0.724
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Table 4.11: Ranking of Cost Elements of The Casel&ly Projects

Average
Mean Elemental CSE/
Ranking Elements Cost (%) NCSE
(RM)
1 Frame 30,116,063.€ 22.34% CSE
2 Windows & External Dool 13,114,280.2 9.73% CSE
3 Upper Floor 13,091,631.4 9.71% CSE
4 Electrical Installatio 11,607,056.¢ 8.61% CSE
5 Internal Floor Finishe 9,685,152.0 7.19% CSE
6 Internal Wall Finishe 7,404,502.1 5.49% CSE
7 External Finishe 6,666,557.0 4.95% CSE
8 Plumbing Installatio 6,375,313.9 4.73% CSE
9 Air-Conditioning & Ventilation Syste 41427724 3.07% NCSE
10 Work Below Lowest Floor Finis 3,974,338.2 2.95% NCSE
11 External Walls 3,960,165.3 2.94% NCSE
12 Lift and Conveyor Installatic 3,706,166.6 2.75% NCSE
13 Communication Installatic 2,950,045.0 2.19% NCSE
14 Roof 2,775,461.7 2.06% NCSE
15 Internal Doors 2,281,379.5 1.69% NCSE
16 Fire Protection Installatic 2,141,953.0 1.59% NCSE
17 Internal Walls & Partitions 2,041,010.1 1.51% NCSE
18 Internal Ceiling Finishe 1,905,548.1 1.41% NCSE
19 Sanitary Appliance 1,835,462.0 1.36% NCSE
20 Fittings and Furnishir 1,665,802.7 1.24% NCSE
21 Stairs 1,421,573.7 1.05% NCSE
22 Special Installatio 788,406.1 0.58% NCSE
23 Builder's Profit & Attendance on Servit 646,413.1 0.48% NCSE
24 Builder's Work in Connection with Serv 272,882.8 0.20% NCSE
25 Refuse Dispos 218,565.0 0.16% NCSE
A Actual Total Bill Value (Average of 6 134,788,503.7¢ 100.00%
projects)
Mean Bill Value: (=A/25) 5,391,540.15 4.00%

The overall cost estimation model factor is derietdoy getting the
arithmetic mean of the cost estimation model factietermined for all the 6
projects (see item H of Table 4.10). The costresion model factor for each
project is the same value with the value of thaltbill value of CSEs divided
by the actual total bill value (item G). The oni{ference is that it is presented
in number instead of percentage. Table 4.12 shbhersdst estimation model

factor for each of the 6 case study projects.

156



Table 4.12: Cost Estimation Model Factors

Cost Estimation Model

Building Factor (CEMF)
Case Study Project 1 0.760
Case Study Project 2 0.732
Case Study Project 3 0.725
Case Study Projec 0.73:
Case Study Projec 0.70¢
CaseStudy Project 0.72¢
Arithmetic mean: 0.73(

Table 4.13 shows the cost estimation model basedSts of HRCPs
in Klang Valley, Malaysia developed by using thestcdata from the 6 case
study projects as discussed. The items from the iB@he tender documents
will need to be extracted and grouped into itemshasvn in the cost estimation
model. The breakdown items are indicative onlyildig contractors and QS
consultants are advised to use their own methodstodction and grouping of

the items to their own convenience for pricing.

157



Table 4.13: The Cost Estimation Model Based on CSEd HRCPs in
Klang Valley, Malaysia

(CEMF = 0.730)
tem Description Unit Qty Rate Amount
CSE 1: Frame
1 VRC Grade 40 (in column / beam/ wall) m3
2 VRC Grade 35 (in column / beam/ wall) m3
3 VRC Grade 30 (in column / beam/ wall) m3
4 Bar and mesh reinforcement tonne
5 Formwork m2
CSE 2: Windows and External Doors
1 Precast concrete lintel m
2 Aluminiumwith glass glazing m2
3 Fire doors including frame and ironmongery andhfiag  No
4 Timber doors including frame and ironmongery and No
CSE 3: Upper Floors
1 VRC Grade 30 (in floor slabs) m3
2 Barand mesh reinforcement tonne
3 Formwork m2
CSE 4: Electrical Installation
1 Prime cost sum (estimated by Electrical Engineer) Sum
CSE 5: Internal Floor Finishes
1 Floorhardener m2
2 Waterproofing system m2
3 Ceramic floor tiles including skirting and backiagreed — m2
4 Porcelain floor tiles including skirting and baukiscreed m2
5 Homogeneous floor tiles including skirting and kiag m2
6 Cement and sand paving m2
CSE 6: Internal Wall Finishes
1 Plastering to wallinternally including painting m2
2 Skimcoating to wall internally including painting m2
3  Waterproofing system m2
4 Ceramic wall tiles including backing screed m2
5 Porcelain wall tiles including backing screed m2
6 Homogeneous walltiles including backing screed m2
CSE 7: External Finishes
1 Floorhardener m2
2 Waterproofing systemto floor m2
3 Ceramic floor tiles including skirting and backiagreed — m2
4 Porcelain floor tiles including skirting and baukiscreed m2
5 Homogeneous floor tiles including skirting and kiag m2
6 Cement and sand paving m2
7 Plastering to wall externally including painting m2
8 Skimcoating to wall externally including painting m2
9 Waterproofing systemto wall m2
10 Ceramic wall tiles including backing screed m2
11 Porcelain wall tiles including backing screed m2
12 Homogeneous wall tiles including backing screed m2
13 Skimcoating to concrete soffit externally inclogli m2
14 Suspended ceiling board including painting m2

CSE 8: Plumbing Installation
1 Prime cost sums (estimated by Electrical Engineer) Sum

Total amount of CSEs (RM
Cost Estimation Model Factor (CEM 0.73(

Actual Total Bill Value (= Total amount of CSF- CEMF).
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Table 4.14 shows the tabulation for results of eletal costs of the 2
case study projects i.e., Case Study Project TCasg Study Project 8 which
used for validation of the cost estimation modelalieped. It can be seen from
the table that there are having the same 8 CSEsmpared to the previous 6
case study projects. The CSE is determined by amgdis elemental cost which
value is greater than the mean bill value. The GB&Srame’, ‘Upper Floors’,
‘Window & External Doors’, ‘Internal Wall Finishes'Internal Floor Finishes’,
‘External Finishes’, ‘Plumbing Installation’ andl&ttrical Installation’. From
the tabulation, the sum of CSEs is the totallingstifne total cost of the 8 CSEs.
The actual bill value is the total sum of all the @ements. For example, for
Case Study Project 7, the sum of CSEs is RM35,83268 and the actual total

bill value is RM49, 779,940.00.

Table 4.15 shows the test results for the CaseyJudject 7 and the
Case Study Project 8. These two case study prajectsawarded quite recently
in end of 2017 and early 2018. The total bill valuweere predicted by pricing
the CSEs and dividing their sums by the cost méatbr. The discrepancies
were evaluated simply as the difference betweenptiwe predicted by the
model and the actual total bill value divided bg #ictual total bill value (see
the formula shown below). The actual total billues used in the calculation
are the actual total bill values of the successnters. The discrepancies of
the cost estimation model are -2% and 1% for Ptofeand Project 8
respectively. As such, this means that the mod@kaes an accuracy of 98%

to 99%.
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Table 4.14: Elemental Costs of The Case Study Prajes used to
Validate the Cost Model

Total Cost of Element
Project 7: Project 8:
1 block 20s (229 units) on 4s2 Blocks 29 & 33s (606 unit

160

Actual Total Bill Value

No. Elements podium car park + 1s faciltiesn 1 level ground floor car
floor park + 4s podium carpark + 1
podium level Facilties

1 Work Below Lowest Floor Finish 1,904,633.93.83% 5,298,520.213.34%

2 Frame 11,502,195.7223.11% CSE 37,560,684.983.66% CSE
3 Upper Floors 5,480,957.5511.01% CSE 21,819,412.123.74% CSE
4 Roof 786,554.84 1.58% 2,821,128.201.78%

5 Stairs 668,896.07 1.34% 1,555,322.890.98%

6 External Walls 1,860,369.55 3.74% 3,606,940.932.27%

7 Windows & External Doors 3,473,945.7%.98% CSE 13,602,945.48.57% CSE
8 Internal Walls & Partitions 587,191.631.18% 4,192,729.082.64%

9 Internal Doors 593,574.23 1.19% 3,318,199.192.09%

10 Internal Wall Finishes 2,466,417.74.95% CSE 12,676,885.2277.98% CSE
1 Internal Floor Finishes 3,036,317.68.10% CSE 10,035,385.3%.32% CSE
2 Internal Ceiling Finishes 1,021,987.12.05% 2,899,993.821.83%

13 External Finishes 2,512,059.23 5.05% CSE  6,456,849.844.07% CSE

14 Fittings and Furnishing 168,738.13 0.34% 324,867.24 0.20%

5 Sanitary Appliances 749,461.60 1.51% 3,835,476.592.42%
6 Plumbing Installation 2,818,400.00 5.66% CSE  6,396,920.004.03% CSE

17 Refuse Disposal 1,031.25 0.00% 150,000.000.09%

18 Air-Conditioning & Ventilation System 1,247,200.0@.51% 4,700,000.002.96%

9 Electrical Installation 4,482,400.08.00% CSE  9,029,450.006.69% CSE

20 Fire Protection Installation 802,400.00..61% 1,250,000.000.79%

21 Lift and Conveyor Installation 1,460,000.0Q.93% 3,830,000.002.41%

22 Communication Installation 1,200,000.0Q2.41% 2,424,000.001.53%

23 Special Installation 400,000.00 0.80% 385,000.00 0.24%

24 Builder's Profit & Attendance on Services 299,6088. 0.60% - 0.00%

25 Builder's Work in Connection with Services 255,680 0.51% 601,529.88 0.38%

A Actual Total Bill Value: 49,779,940.00 100% 158,770D4 100%

B Mean Bil Value: (=A/D) 1,991,197.60 6,350,889.64

C Total Bill Value of CSEs: 35,772,693.69 117,578,932.

D No. of Total Elements: 25 25
E No. of CSE in Total: 8 8
F CSE/TE (per cent): (E/D) 32.00% 32.00%

G Total Bill Value of CSEs/Actual Total Bill Valu¢C/A) 71.86% 74.05%

H Cost Estimation Model Factor (CEMF) = G 0.719 0.741
Discrepancy of Cost Model = (Estimated Total Bill Value - Actual Total Bill \ag) X 100%



Table 4.15: Test Results of The Cost Estimation Mad for HRCPs in
Klang Valley, Malaysia

Project 7 Project 8
(A) Sum of CSE 35,772,693.6! 117,578,532.9:
(B) Estimated Total Bill Value (A/CEM} 49,003,689.9! 161,066,483.4!
(C) Actual Total Bill Value 49,779,940.01 158,772,240.9.
(D) Discrepancy of cost model [(I- (C))/ (C)] x 100% -2.00% 1.00%

Cost Estimation Model Factor (CEMF = 0.730)

4.4  Chapter Summary

This chapter has explained in detail all the resgénerated from the
questionnaire data. The summary of questionnaite dnd analysis methods
or tests has been tabulated to clearly show theogas, nature of the questions
and types of analysis methods or tests used fér g=ation of the questionnaire.
Pie charts were used to present the computatiguiviey questionnaire, the
response rate and the respondents’ demographididiteakdowns according
to the nature of current company and the yeargpérence in pricing HRCPs
in Klang Valley, Malaysia. The computation of seyv questionnaire
demonstrates comprehensibly the development of file 112 eligible
questionnaire data for analysis from the originaldistributed 200
qguestionnaires. The response rates both in gerespbnses and usable data
are considered high and the sample size targetbkas achieved. The
presentation using pie charts show that there e lmuite a balanced
distribution for the number of respondents fromlding contractors and QS

consultants, and the same for the number of regmsdfrom different
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categories of years of experience of the respoademricing HRCPs in Klang

Valley, Malaysia.

By analyzing the questionnaire data, it is deteeithat the common
method currently used in the local constructionusidy in estimating
construction costs of HRCPs in Klang Valley, Malayss still the traditional
method by pricing every single item of each elem&nBQs with no other
alternative method. It is also found that the leMeawareness of the Cost
Significance Technique is very low. The results @fonbach’'s Alpha
Reliability test derived show that both the pikdttdata and final data are highly
reliable. The results of mean ranking analysissh@wealed the respondents’
conception on which are the CSEs of HRCPs in Kleatiey, Malaysia and
which are not. Finally, the results of Mann-Whitng test show that the
respondents’ conception on which are the CSEs o€P®Rin Klang Valley,
Malaysia is having very slight difference betwela building contractors and
QS consultants. Meanwhile the Kendall's tau-b’sultssshow that there are
poor correlations between the respondents’ yearsxpkrience in pricing
HRCPs in Klang Valley, Malaysia and their levelgireement on the elements

that they are CSEs of HRCPs in Klang Valley, Maiays

On the other hand, the discussions in the initialsections of case study
show the development process of how the researehehed to the main aim
of this study and what were the failures the regesrhad been through during
the case study data collection and analysis. Hewele final cost estimation

model which is the cost estimation model based &tECof HRCPs has
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eventually been developed successfully by usingtise data collected from 6
number of appropriate case study projects. Thdtsesf the tests carried out
on two recently completed HRCPs to validate the ehbdve also successfully

proved that the accuracy of the model to be vegi .hi
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CHAPTER 5

DISCUSSIONS OF THE RESULTS

51 Introduction

This chapter discusses on the results of both tiesteppnnaire survey

and the case study further to the explanation do@hapter 4.

5.2 Discussion of Questionnaire Survey Results

Besides the basic findings from the results of Méaralysis that
conclude the building contractors’ and CQSs’ levefscost significance
awareness of HRCPs in Klang Valley, Malaysia is,lows worthwhile to
scrutinise further to find out to what extend tleek of cost significance
knowledge of these so called ‘cost expert by méfer to the mean scores

tabulated in Table 4.4.

Even though Smith et al. (2016) justifications dfavelements are CSEs
were based on 12 elements, this study is basdtedRIEM ECA'’s 25 elements,
the theories may be used to check the respondemi€rstanding in a general
respect. Referring to Table 2.4 for the justifioas, substructure is a NCSE
because the costs of foundations are spread oetatevely large floor area for

multi-storey projects. However, the mean scorelierelement Works Below
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Lowest Floor Finish (WBLFF) is reading quite high377. Furthermore,
building contractors and CQSs should have the bamivledge that WBLFF
does not include piling works but they have stlléd to observe that it should
be not cost significant. Frame and Upper Flooes the elements that the
respondents are most aware of that they are vetysgmificant elements with
the highest mean scores of 4.35 and 4.17. Thdgétaljustification that Frame
(column, upper floors) are relatively high-costneémts representing 10 to 20
percent of the total cost. Stairs are justifietN&SE and the mean score is 2.60
that means the respondents have generally gogtit.rThe justification the
Envelope (external walls and windows) is CSE cotilde compared with the
mean scores as for the ECA’s breakdowns, Exterradlisié one element by its
own, and Windows and External Doors are groupednaselement. Roof as
easily understood should be NCSE as similar tothieery of substructure,
however, has a mean score 3.11. The justificafmnsther elements couldn’t
be compared owing to the much different in groupaighe works between

Smith et al. (2016) and the RISM ECA.

Merely rely on the results of Table 4.4 of the @allerespondents’ level
of agreement on the statement that each of thde?deats listed is a CSE of
HRCPs in Klang Valley, Malaysia is not good enotglshow the awareness
levels. Hence, they shall be paired to the resaltthe ranking of cost elements
of the case study projects for a better evaluatiothe building contractors’ and
QS consultants’ levels of cost significance awassroé HRCPs in Klang Valley,
Malaysia. Table 5.1 displays the building Conmastand QS Consultants'

Levels of Cost Significance Awareness of HRCPs lani§ Valley, Malaysia.
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It demonstrates a very clear picture on the oveesjbondents’ agreements on
each element is a CSEs with the mean value toatelithe degree of their
agreement to that particular element. Excepttémil and items 3 to 6 where
the agreement levels are quite high which the maamsanging from 3.85 to
4.35, the respondents have failed to understandwrie the CSEs and NCSEs
of HRCPs in Klang Valley, Malaysia. Even though theults for the ranking
of cost elements of the case study projects shiosatsriom item 9 onwards, the
elements are all NSEs yet the mean values for ¢lspondents’ levels of
agreement on the statement that each of the elerfisted is a CSE are sitill
above 3.00 the neutral point except item 21 amdst23 to 25 which the means
are ranging from 2.35 to 2.64. This means thatéspondents were merely
‘guessing by feeling’. They somehow or rather ustdend that ‘Frame’, ‘Upper
Floors’, ‘Electrical Installation’, ‘Internal FlooFinishes' and ‘Internal Wall
Finishes’ are high-cost elements; and ‘Stairs’,if@er's Profit & Attendance
on Services’, Builder's Work in Connection with Bees' and ‘Refuse
Disposal’ are low-cost elements but are not resliye on the elements’ levels
of cost significance. Moreover, they thought thaout of the 25 elements are
CSEs which is not true. Therefore, it is conclutet the building contractors’
and CQSs’ levels of cost significance awarenesdRCPs in Klang Valley,

Malaysia are low.

The reason why the building contractors’ and CQ8sels of cost
significance awareness of HRCPs in Klang Valley|ayisia are low is that till
to date, the local construction industry stakehwl@ge still using the traditional

method for pricing tenders i.e., by pricing evengge item of the BQs and it is
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the only method used. This is proved with the Itesithe section 6 of the

questionnaire survey to determine the local pradisee Table 4.2).

Table 5.1: Building Contractors' and QS ConsultantsLevels of Cost
Significance Awareness of HRCPs in Klang Valley, Maysia Compared
to Case Study Findings

T Elements I.%an.king of % o.f cos.t CSE/NCSE Ranking by Mean by
Significance | contribution Respondents |Respondents
1 Frame 1 22.34% CSE 1 4.35
2 |Windows & External Doors 2 9.73% CSE 12 3.52
3 Upper Floors 3 9.71% CSE 2 417
4 Electrical Installation 4 8.61% CSE 4 3.94
5 Internal Floor Finishes 5 7.19% CSE 3 3.96
6 Internal Wall Finishes 6 5.49% CSE 5 3.85
7 External Finishes 7 4.95% CSE 10 3.60
8 Plumbing Installation 8 4.73% CSE 11 3.59
9 Air-Conditioning & Ventilation System 9 3.07% NCSE 8 371
10 |Work Below Lowest Floor Finish 10 2.95% NCSE 6 3.77
11 |External Walls 11 2.94% NCSE 9 3.66
12 |Lift and Conveyor Installation 12 2.75% NCSE 7 3.77
13 |Communication Installation 13 2.19% NCSE 19 3.07
14 |Roof 14 2.06% NCSE 18 3.11
15 |Internal Doors 15 1.69% NCSE 21 3.02
16 |Fire Protection Installation 16 1.59% NCSE 13 3.45
17  |Internal Walls & Partitions 17 1.51% NCSE 16 3.22
18 |Internal Ceiling Finishes 18 1.41% NCSE 14 3.34
19 |Sanitary Appliances 19 1.36% NCSE 17 3.16
20 |Fittings and Furnishing 20 1.24% NCSE 15 3.28
21 |Stairs 21 1.05% NCSE 23 2.60
22 |Special Installation 22 0.58% NCSE 20 3.05
23 |Builder's Profit & Attendance on Services 23 0.48% NCSE 24 245
24 |Builder's Work in Connection with Services 24 0.20% NCSE 25 2.35
25 |Refuse Disposal 25 0.16% NCSE 22 2.64

Another possible attribute to the low level of bding contractors’ and
CQSs’ cost significance awareness might be dusataltiey are unfamiliar with
the use of the RISM ECA elemental cost breakdowthate In the local
construction practice, the format of the elemestsat standardised. Different

consultant QS companies are using different typésrmats for their BQs.
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5.3 Discussion of Case Study Results

As highlighted in Section 4.3.4.1, the determinaitid the CSEs using
the 6 projects collected from September 1996 tdeBeaiper 2009 by using Smith
et al. (2016)'s 12 elements grouping method hasbeen viable. The results
have been able to achieve a consistent patterrittautata was abandoned. The
researcher did not attempt to try the RICS ECA’®R#nents on these projects
owing to the reason that these projects are outdmtd most of the design of
the reinforced concrete structure of the buildirg® mostly based on
conventional structure designs without shear vaaits transfer beams. As such,
the model if being by chance be successfully dgelpit wouldn't be useful
in view of the current HRCPs in Klang Valley areiakly designed with heavy
shear wall and transfer beam types of structudéss very obvious for the
conventional reinforced concrete frame structurilings; the cost of external
walls is higher as compared to the shear wall siracwhere the external
brickwalls are substituted with the reinforced aete walls. As shear walls are
load bearing walls, the cost is allocated to thente element thus External

Walls usually become not cost significant.

Even though the final set of case study project® lenabled the very
smooth development of the cost significant modeing the model to predict
the total building cost must be handled with ca®ame to the use of the
Element Cost Analysis (ECA), one must know howhoase the correct type

of ECA to be the basis for estimating the cost e hew building. Most
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importantly, the grouping of the costs to the ralgwelements need to be carried

out by a skilful and experienced estimator.

It is observed that the 8 buildings which the his@l cost data were
used to develop the cost estimation model varigd an the building layout
design, but generally are tall building more th&ns2orey high. The brief
description of the case study projects which issshim Table 4.9 serves a very
important information for the estimator who interidsise the cost model. For
example, the maximum number of levels of basenseonly 2. So, it would be
disastrous to base on this cost model to estimade af a HRCP with deep

basement design.

54 Conclusion

Since the cost estimation model has been succhssfieloped and
has been proved to be highly accurate, it shaBligeificantly helpful for the
use by the local construction industry to vastlyimize the time spent for cost
estimation process during tendering. However, aldysia the traditional bill
of quantities is still the most widely used mettiodtendering purpose. Thus,
unless it is with the government's enforcement, gnactice wouldn't be
changed easily. Moreover, the cost significancenkedge is still in the very
outset stage and the path to get it promoted ttottad construction industry is
still a long way to go. Nonetheless, the costestion model can also serve as

a tool to do cost checking as an alternative toate per unit of floor area’
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method and ‘elemental cost analysis’ method dutemglering. Also, it can be

useful for cost estimation during preliminary esites stages.
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CHAPTER 6

CONCLUSION

6.1 Introduction

This chapter displays the subsections on the sugnrofuresearch
findings; achievements of research objectives fr@search objective 1 to
research objective 4; significance of the studyiithtion of the study; and

recommendation for future study.

6.2  Summary of Research Findings

The researcher by using both the quantitative aatitgtive approaches
discussed previously, has successfully achievethtile research objectives set

in chapter 1, i.e.:

Researh Objective 1: To determine the building reators’ and CQSs’
levels of cost significance awareness of HRCPslamé Valley, Malaysia.

Researh Objective 2: To appraise the CSEs of HRCR&ng Valley,
Malaysia.

Researh Objective 3: To develop a building costregton model based

on CSEs of HRCPs in Klang Valley, Malaysia.
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6.2.1 Achievement of Research Objective 1

Research objective 1 is to measure the buildingraotors’ and CQSs’
levels of cost significance awareness of HRCPslam Valley, Malaysia. In
order to achieve this objective, survey questiomnaias designed and sent to
building contractors and QS consultants to cotleei replies for analysis. The
answers from the respondents in Section 5 of testeqpnnaire were analyzed
using mean analysis. The results have been distussetail in sub section
4.2.5 of Chapter 4. The researcher has also disdusgletail on this matter in
Chapter 5. Overall, it could be concluded that néding contractors’ and
CQSs’ levels of cost significance awareness of HR@P Klang Valley,
Malaysia are low. Even though the experience grofipsspondents with more
than 20 years of experience in pricing HRCPs hailed to understand clearly

which are supposed to be CSEs. Research objdcts/therefore achieved.

6.2.2 Achievement of Research Objective 2

Research objective 2 is to appraise the CSEs of MREKlang Valley,
Malaysia. In order to achieve this objective, csisglies were carried out on
eight (8) numbers of HRCPs in Klang Valley, MalaysiResults from the in-
dept case study manifest the consistency of thé&ibation of the elemental
cost. It was found that all the case study projeotssistent have the same 8
number of CSEs out of the total 25 number of elémacacording to the RISM’s
ECA'’s way of breakdown of the elements. As suckeaech objective 2 is also

achieved.
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6.2.3 Achievement of Research Objective 3

Research objective 3 is to develop a building estimation model
based on CSEs of HRCPs in Klang Valley, Malaydraorder to achieve this
objective, case study is carried out on six numinérsompleted HRCPs in
Klang Valley, Malaysia, the same projects used ppraise the CSEs for
achieving research objective 2. The identificatminthe CSEs enables the
development of a generic cost estimation modeldaseCSEs of HRCPs with
a high level of confidence using the other two ect§, thus the research

objective has been successfully achieved.

6.3  Significance of the Study

The success of this study has derived at 4 sigmficontributions; the
first contribution is that it has bridged the resbagap of the studies on the use
of cost significance modelling methods. The secootribution is that the
building contractors’ and CQSs’ levels of cost #igance awareness of
HRCPs in Klang Valley, Malaysia are determined.e Third contribution is
that the cost estimation model developed will cdesably reduce the time
needed for estimating the tender amount usingtioaail approach of pricing
bulk volume of items in the tender documents. Iyashe knowledge of cost
significance will help the building contractors aB@Ss in identifying area of

works to be emphasized for cost checking purpose.
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Most of the various studies carried out on develepmof cost
significance model were merely for use of smalleira-structure projects
except Poh and Horner (1995); and Tas and Yama&#{20ho had developed
cost significant models for estimation of buildirgpsts. However, the
techniques used by them took long time and tedmosess to identify and
abstract the cost significant items from the BQ#hefprojects. Moreover, the
models developed can only be used for low-risedeggial building as they
were constructed based on only four to five stdmaidings. This type of model
is no longer of significance use nowadays as higgaresidential dwellings have
become dominant in the urban area due to scaifciéynds. Hence this research
study has bridged the research gap and constiéugesd contribution to the

body of knowledge.

It is very important for both the building contract and CQSs to gain
the cost significance knowledge as it will helpidentifying what are the
elements of the BQs to be checked. One real déaaio experienced by the
researcher was that during the visit to one QSutan¥ office to collect case
study cost data, a client of the CQS has encouhisseies on over budget of
construction cost and would like to perform remeasient of the quantities for
the project. However, they were not sure whichtlaeamportant cost elements
to remeasure. With the results generated fronc#se study the researcher
could therefore advise the CQS to carry out renteasent only on those CSEs

because NCSEs are less worth spending resourcesnfieasurement.
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To improve the level of awareness in relation t&E€St is suggested
that higher learning institutions shall include tcegnificance theory in their
syllabus and the related professional bodies singdinize workshops, seminars

and talks on cost significance theory and its @afilbns.

6.4 Limitations of the Study

The limitations of this study are mainly the daiaes for both the

questionnaire survey and the project case study.

The problem encountered during survey questionrzofkection was
the difficulty in getting the relevant personnelatoswer the questionnaire and
understand what is meant by cost significant elémeavoreover, the local
construction industry’s stakeholders are genet#y up with high workload
thus were very reluctant to answer or spend tinaling the long-worded
questionnaire. Thus, the response rate for theegwras low initially. As such,
the researcher had to get qualified respondentsugir interpersonal
relationship. To address the problem of resporsdemnght not understand what
is cost significant element, the definition of iasvincluded in the questionnaire
with a comprehensive example. Moreover, the rebeais contacts were

provided for clarification.

Limitation encountered for case studies was diffjcun getting
historical projects’ BQs for analysis as the costadin the BQs is of utmost

private and confidential. As such, the researtlasrspent long period of time
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to approach the building contractors and CQSsthimatesearcher had formerly
been dealt with while working in the constructioustry as many of them
were reluctant to allow access to the cost datasé study projects were used
to develop the cost estimation model and 2 cas# giwojects for validation,
this is with reference and close resemblance tafipeoach used by Poh and
Horner (1995). In addition, sample size in quéliea survey relies on the
principle of data saturation. Case studies aremantioe most difficult types of
qualitative research to classify. Yin (2009) recoemded at least six sources
of evidence. Creswell (2007) recommended no ni@e 4 or 5 cases. However,
the larger sample size would be preferable to ge@enore reliable results for
sure especially for building the cost estimatiordeidased on CSEs of HRCPs

as private high-rise residential buildings are viitph variety in design.

Other limitations of this study are firstly, thestarical projects are from
different clients and designers leading to doulegasth individual project cost
is developed with different pricing strategy; sedignthere is a wide range on
definition of high-rise and the projects taken@mging from the shortest of 20
storeys to 35 storeys high. Even though the rekeahas checked on 2 HRCPs
of near to but shorter than 20 storey and fountitbieacost significant elements
became different from those of the historical prtgeaaken, it should be further
testified by taking more numbers of projects offsaategory; thirdly, the cost
model developed is only applicable for the useekirmating HRCPs in Klang
Valley, Malaysia other types of building for exampbw-rise apartments,
terrace houses, hotels etc. or projects at othmtitms out of Klang Valley

would not be viable.

176



6.5 Recommendation for Future Study

In view of the limitations discussed in the prewdosub section, it is
recommended that for future research, the rangigedfistorical projects taken
shall be much narrowed down and preferably projectse obtained from one
sole client in order to obtain cost estimation maaigh higher accuracy. In
addition, cost significant models for project tyjgker than HRCPs may also
be developed based on the same technique emplgytiisbresearch. It would
be good also to develop cost estimation model basgulblic projects where
the designs of the projects are more uniform. llédoe good also to carry out

the similar study in other locations.
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APPENDIXA

QUESTIONNAIRE

LEVEL OF COST SIGNIFICANCE AWARENESS OF HIGH-RISE CONDOMINIUM PROJECTS AMONG QUANTITY SURVEYING
CONSULTANTS AND MAIN CONTRACTORS IN THE MALAYSIAN CONSTRUCTION INDUSTRY

Dear Sir/Madam,

You are invited to participate in this survey if you are working in the capacity of Quantity Surveying (QS) related job especially
with experience in pricing construction costs of high-rise condominium projects in Klang Valley Malaysia.

This survey aims to measure the level of cost significance awareness of High-rise Condominium Projects among Quantity

Surveying Consultants and Main Contractors, as part of the research project titled "Building Cost Estimation Model Based on Cost
Significant Elements of High-rise Condominium Projects in the Malaysian Construction Industry" conducted by SrLim Cheng Sim of]|
University Tunku Abdul Rahman as a research for PhD study.

It will take about 5-10 minutes of your time to complete the questionnaire. The questionnaire will be kept anonymous and the
information obtained from this survey is completely confidential. Your participation is entirely voluntary.

You are free to contact the researcher at email chengsim65@gmail.com or at 012-2393279 to discuss the survey.
Thank you for your participation and assistance. Your involvement in this survey is very much appreciated.

Yours sincerely,

Sr Lim ChengSim

Department of Quantity Surveying

Lee Kong Chian Feculty of Engineering and Science
Universiti Tunku Abdul Rahman

Sungai Long Campus,

43200 Kajang, Selangor,

Malaysia

SECTION 1: PREQUALIFICATION EXERCISE

(1. Are you working in the capacity of QS related job especially with experience in pricing for tendering/pre-tender estimate?
[ W Yes, please proceed to the survey.

[ ) No, you may leave the survey.
(Submit form. Thankyou foryour time)

2. Have you been involved in pricing construction costs of high-rise condominium projects in Klang Valley Malaysia?
[) Yes, please proceed to the survey.

[ W No, you may leave the survey.
(Submit form. Thankyou foryour time)

SECTION 2: SURVEY CONSENT

M1 Havingread and understood the survey consent, I:

[ ] Agree toproceed.
(Please proceed to the next section)

() Disagree to proceed.
(Submit form. Thankyou foryour time)
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SECTION 3 RESPOMDENT'S LONTALT

L. Plaswa §ll inyour mamns aod el sddress below oo e s ooy of ihe find recsurds resulis e provided be yon in dus course

[LET N

Pdokals akaorme 1o

Eronall mddrossy:

SECTION £ DERAQGRAFHIC INFORM ATHEY

T4 Wit iz e nature of business ef vour orrant oD ?
O okl rank
[‘ A Fullzl vt iAo
" Heewr long s youre expertense In pridng, ornstiudi o ocets of high-ise codeminiam pesjeots In Klang Valley Rial ayaia?
[ ] Zyesrsand below

[ ] GtoEpsars

SECTICN) 5 AW ARENMESS OF QST SIGHIFICANT ELERIENTS

[risir

gy

rigirTes siricl

sy s i) 7

Contingency Sums. ]

(Note 2: High-rise condominium projects referred to are ten {10) storeys and above in height; with common facilities such as
swimming pool, gymnasium, landscape, 24 hours security system, sports courts and so on; with podium carparks instead of open

Definition of Cost Significant Element (Example a building project with 4 elemental bills with cost breakdowns as follows):

Amount
Building Project XXX (RM) Significance
Element no. 1 20,000 - not significant {very much less than MBV)
Element no. 2 80,000 - lesssignificant  (less than but close to MBV)
Element no. 3 120,000 - significant (higher than but close to MBY)
Element no. 4 180,000 - verysignificant (very much higher than MBV)
Total Bill Value (Total Cost of Building): 400,000
Mean Bill Value, MBV (=Total Bill Value + No. of Elements): 100,000
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1A) Work Below Lowest Floor Finish (incl. column bases, pile
caps, ground beams, stumps, load-bearing brickwork below
lowest floor and ground slabs)

2A) Frame (RC columns, floor beams, roof beams and fascia
beams)

2B) Upper Floors (RC floor slabs, balconies and structural
screeds, suspended floors over or in basements)

2C) Roof (Roof structure incl RC slabs, trusses, parapet walls
and balustrades at roof level; roof coverings; roof drainage;
roof lights)

2D) Stairs (RC stair structure, stair finishes, stair balustrades
and handrails)

2E) External Walls (External enclosing walls incl. basement
walls, retaining walls and diaphragm walls, skin of brickwork
to cladding/curtain walling; cladding, curtain walling,
sheetingrails, non-structural fins and sun screens; BUT
excluding load bearing RC walls)

2F) Windows & External Doors (Incl. lintels, sills, hoods,
ironmongery and glazing)

2G) Internal Walls & Partitions (excludingload bearing RC
walls)

2H) Internal Doors (Incl. lintels, sills, hoods, ironmongery and
glazing)

3A) Internal Wall Finishes (Finishes to surfaces of walls and
columns internally)

3B) Internal Floor Finishes (Preparatory work, screeds,
skirtings and finishes to floor surfaces)

3C) Internal Ceiling Finishes (preparatory work, plastering
and finishes to soffits; suspended ceiling incl. finishes)

3D) External Finishes (Preparatory work and finishes to
outside face of external walls, external floor and ceiling)

4. FITTINGS AND FURNISHINGS (Fixed fittings incl. shelving,
cupboards, wardrobes, benches, counters etc.; Blinds, blind
boxes, curtain tracks and pelmets; Blackboards, pin boards,
notice boards, signs, lettering, mirrors etc.; Ironmongery to
fittings; Furniture, curtains, loose carpets and similar soft
furnishing material; Works of art; Non-mechanical and non-
electrical equipmente.g. gymnasium equipment)

5A) Sanitary Appliances

5B) Plumbing Installation (Cold and hot water plumbing,
sanitary plumbing)

5C) Refuse Disposal (Waste compactor, shredders, waste
bins, incinerators, skid tanks and the like)

5D) Air-Conditioning & Ventilation System

SE) Electrical Installation (Electric supply, electrical fitting and
lightning conductors)

SF) Fire Protection Installation

5G) Lift and Conveyor Installation

5H) Communication Installation (Public address system,
telephone installations, PABX, MATV and the like)

3 Neither

1Strongly Agree Nor 5 Strongly
Disagree 2 Disagree Disagree 4 Agree Agree
() () () () ()

191




3 Neither

1 Strongly Agree Nor 5 Strongly
Disagree 2 Disagree Disagree 4 Agree Agree
5J) Special Installation (Kitchen equipment, laundry, building (] ] () (] ()
automation, security system, gas installation and the like)
5K) Builder's Profit & Attendance on Services [ ] \ 1 [ \ [ ] [ 1
5L) Builder's Work in Connection with Services ) ) ) ) ]

SECTION 6: LOCAL PRACTICE

1. What method have you been using in estimating construction costs of high-rise condominium projects in Klang Valley during
tendering/pre-tender estimate?

[ ) Traditional method i.e. price every single item of each element of bills of quantities

[ ) other method(s)
Please specify:

2. Have you heard of Cost Significance Technique an alternative method to traditional method of estimating construction cost
of a project?

[ ) VYes, please proceed to next section.

(] No, you may leave the survey.
(Submit form. Thank you for your time)

3. Have you ever used the Cost Significance Technique to estimate construction costs of high-rise condominium projectsin
Klang Valley during tendering/pre-tender estimate?

(] Yes, please proceed to next section.

(] No, you may leave the survey.
(Submit form. Thank you for your time)

4. How accurate do you think the Cost Significance Technique is?
[ ) Notaccurate
[ ) Lessaccurate
[ ) Neutral
() Moderately accurate

[ ) Veryaccurate

192



APPENDIX B
(Date)

(Company’s Name)
(Address)

Attn.: (Name of Person in Charge)
Dear Sir/Madam,
Data Collection for PhD Study on Level of cost ffigance awareness of high-rise

condominium projects among quantity surveying ctasts and main contractors in the
malaysian construction industry

Our academic staff, Sr Lim Cheng Sim is pursuingtboof Philosophy (PhD) in Science at
our university. Her research title is ‘Building €& stimation Model Based on Cost Significant
Elements of High-rise Condominium Projects in thaldsian Construction Industry’.

As part of her study, she needs to have the progsttdata of high-rise condominium projects
in Klang Valley. As such, | wish to seek for ydind permission for her to access to the
contract documents of high-rise condominium prgéctyour organization.

All the information gathered are solely for the pase of her research, will be kept confidential
and will not be disclosed to any other party.

For further inquiries or clarification please da hesitate contact Sr Lim Cheng Sim (+6012-
2393279 otcsim@utar.edu.myor the undersigned (+6012-2932683ongyy@ utar.edu.njy

Looking forward to your favourable reply.
Thank you.

Yours sincerely,

Dr. Felicia Yong Yan Yan

Assistant Professor / Head of Department
Department of Surveying

Lee Kong Chian Faculty of Engineering and Science
Universiti Tunku Abdul Rahman

c.c. Sr Lim Cheng Sim
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