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Abstract

Intensifying global competition and increasing demand by clients for better quality
have caused more and more companies to realise that they will have to provide
quality products and/or services in order to successfully compete in the market-
place. However, good quality is hard to achieve and sustain. Ensuring workman-
ship quality is tough, particularly in the construction sector, where clients expect
the final built product to be of high quality but low cost and constructed in the
shortest time possible. Hence, contractors are facing increasing complexities to
improve workmanship performance.

According to Deming, without measuring something, it is impossible to
improve it and this means that one needs to determine the quality management
criteria and measure its effect on workmanship performance. In Singapore, there
is a defined quality performance measurement system called the Construction
Quality Assessment System (CONQUAS) which has proven to be a challenging
task for contractors to achieve a high score. There is therefore, a practical value, of
researching on the Critical Success Factors (CSFs) for achieving high CONQUAS
scores by contractors.

This book primarily focuses on quality issues involved and the 33 CSFs iden-
tified as a means of developing a CONQUAS management framework for opti-
mum workmanship quality management. These literature findings are then tested
through a survey questionnaire and supported by three interviews and one case
study conducted. The results show that while the CSFs identified are known tenets
of quality, they are still not being followed. Thus, it is important that the Building
and Construction Authority (BCA) plays an important role to implement the
proposed CONQUAS management framework on a national level to compel all
contractors to adopt this model on a full scale and reap the benefits of being an
enthusiast of adhering to the CONQUAS workflow.

Keywords Construction quality assessment system ¢ Critical success factors ¢
Project quality management ¢ Singapore
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Chapter 1
Introduction

1.1 Background

Quality has been a key issue in the construction industry since the late 1980s, with
37 % of all construction projects reporting major defects (Sullivan 2010). Murray
(1993) commented that the low level of quality may be attributable to the fact that
the industry was impervious to modern change and was structured as if nothing had
changed in the last 50 years. In fact, the construction industry consists of numer-
ous parties, each of which has a role to play in ensuring the quality of the product.
The poor performance of one party will affect the performance of the next party.
In addition, excessive changes to the details of the design of a project are typical
throughout the construction process (Koehn and Regmi 1990). Quality perfor-
mance is thus difficult to ensure. Poor performance will lead to disputes and adver-
sarial relations between the parties which will again put future performance at risk,
thus forming a vicious cycle of poor quality performance (Kanji and Wong 1998).

As a result, the construction industry has become inundated with serious
problems in quality standards and requires the successful implementation of a
quality management system (QMS) to deliver a consistent quality product and a
platform for continual improvement. In Singapore, a firm-industry-national frame-
work, namely the construction quality assessment system or CONQUAS and the
International Organisation for Standardisation (ISO) 9000 were implemented by
the Quality Development Unit of the Construction Industry Development Board,
the predecessor of the building and construction authority (BCA), to improve
quality performance.

1.1.1 Quality Management System

According to Crosby (1979), quality management is a systematic way of guarantee-
ing that organised activities happen the way they are planned. It is a management
discipline concerned with preventing problems from occurring by creating the
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2 1 Introduction

attitudes and controls that make prevention possible (Saarinen and Hobel 1990).
There are various QMSs which approach an organisation through different routes
with the same goal in mind, that is, to achieve and sustain a high-quality output
by conforming to requirements and meeting customer satisfaction requirements
(Sullivan 2010). In fact, many construction-related firms have been implementing
several QMSs to provide assurance that they can meet client’s requirements, sustain
their competitive advantage and, most importantly, manage quality problems.

The development and implementation of a sound QMS for use in the construc-
tion industry is indeed a necessity and not an option (Ramsey 1984). QMSs have
to be directed and controlled with excellence so that high-quality buildings can be
achieved. However, the quality of the implementation of these QMSs in individual
construction companies is a matter of some debate (Conchtir 2011). Researchers
claimed that the primary reason for certain companies to employ QMSs is simply
to satisfy the mandatory requirement of the client rather than taking the full advan-
tage of the QMSs to enhance their practices on a continuous basis (Ng 2005). This
phenomenon is worrying as it is vital that all contractors are sincerely commit-
ted to apply practical strategies throughout planning, design and construction to
achieve quality as outlined in the Project Management Body of Knowledge.

1.1.2 International Organisation for Standardisation 9000

Among various QMSs, ISO 9000 certification has been widely adopted by the
construction industry of many countries (Ng 2005). The ISO 9000 series was
launched to ensure quality standards are built into the operations to achieve
consistency in the end product, and many contractors in Singapore have been
accredited (Ofori et al. 2002). Moreover, the Singapore government has made it
mandatory for larger construction and consultancy firms to achieve ISO 9000 cer-
tification as a pre-requisite for public sector projects. As of December 2012, 125
contractors, 8 public agencies and 47 consultants have been BCA ISO 9000 certi-
fied, while there are 12 property services and project management firms as well
as 7 suppliers who are BCA ISO 9000 and Japan Quality Assurance Organisation
certified in Singapore as compared to the extremely low figures when the scheme
first started in 1991 (BCA 2012d). This shows that the ISO 9000 standards are
beginning to play an essential role for contractors to have constant improvement
in their processes, products and services, so much so that many contractors cannot
choose to ignore the powerful influence of quality management.

Nevertheless, the ISO 9000 series only provides the foundation of a QMS. The
only way to know whether a company is improving its overall quality is to meas-
ure periodically and compare the results after implementing any process or sys-
tem with the historical results (Robert and Linda 2000). The way of measuring
has to be as objective as possible to avoid subjective and confusing information
that could lead to misinterpretations. A good measuring and fairly accurate system
developed in Singapore by BCA is CONQUAS.
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1.1.3 Construction Quality Assessment System

CONQUAS is used to measure the level of quality achieved in a completed
building project using numerical scores. As part of the overall QMS, it provides
a trusted and comprehensive assessment system to validate the contractor’s work-
manship excellence. It provides technical specifications for contractors to under-
stand the required quality standards. Today, CONQUAS assessment is compulsory
for all public sector projects with contract sum above S$5 million under the bonus
scheme for construction quality (BSCQ) and private projects with CONQUAS
requirement under individual contract agreement. It is voluntary for all other new
building projects. BSCQ is set up to promote the upgrading of workmanship in
the construction industry, in other words, to encourage contractors to achieve
higher CONQUAS scores. Contractors will be paid a bonus for government pro-
jects or based on their individual agreements for private projects if their quality
of workmanship exceeds a stipulated score. However, they will be penalised if
their quality workmanship is poor. Expectations of quality standards by owners are
ever-increasing, and hence, securing good CONQUAS scores should be a priority
for all contractors to meet the changing demands of the construction industry.

1.2 Research Problem and Hypothesis

The demand for better workmanship of contractors has become more important
in recent years (Griffith 2011). Firstly, owners and developers are better informed
of good construction practices since the government stepped up stringent meas-
ures against building defects which put them in a better position to bargain and
demand for quality than in the past. Secondly, the influx of reputable foreign
contractors has meant a more competitive market environment and generated a
need for the contractors to differentiate themselves by the workmanship quality
which they can deliver (Oswald and Burati 1992). Thirdly, as local contractors
are reaching out to foreign construction markets, the obligation to achieve good
quality is becoming more compelling in order for them to improve their prospects
abroad (Rommel 1996).

According to BCA (2012a, b), the average CONQUAS score for buildings in
general has risen to 85.7 in 2011 compared to 76.5 in 2002 during the ten-year
period. However, it is observed that the top performers are always from the same
firms and there are still many other firms whose CONQUAS scores have not
improved significantly and the expected continuous improvement in construction
quality has not been realised. Furthermore, it is identified that there are merely
20 % of projects with scores above 90.1 and they only occurred in the recent five-
year period from 2008 to 2012 (Fig. 1.1). This shows that much effort are still
needed to raise the workmanship quality of all the contractors in Singapore, to
attain a “high” CONQUAS score which according to the Cambridge dictionary,
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Fig. 1.1 Distribution chart of CONQUAS scores from 2008 to 2012. Source BCA (2013a, b)

means “greater than the usual level or amount”. As Fig. 1.1 clearly presents that
the construction industry has a low record in surpassing a score above 90, it will
be taken to mean “high” CONQUAS scores in this research.

At the same time, these 99 projects with “high” CONQUAS scores (above
90.1) imply that there are certainly many ways in which a construction firm can
achieve high CONQUAS scores. However, many projects do not seem to have for-
mulated a comprehensive CONQUAS management program which is instrumental
in achieving high CONQUAS score and ensuring that projects are run smoothly
on site. On top of that, the variability of CONQUAS scores among the firms leads
to the following seven sets of hypotheses about the critical success factors (CSFs)
which will be subjected to testing and subsequent acceptance or rejection, follow-
ing the analysis of the research results in Chap. 6.

Null Hypothesis, H o: The more important CSFs do not show greater influence on
the CONQUAS score.

Alternate Hypothesis, H; 1: The more important the CSF is, the greater the influ-
ence it has on the CONQUAS score than CSFs which are not as important.

Null Hypothesis, Hy o: The higher adoption rates of the CSFs do not show higher
CONQUAS score.

Alternate Hypothesis, Hp 1: The higher the adoption of the CSFs, the greater the
resultant CONQUAS score will be than when the CSFs are not adopted.

Null Hypothesis, Hzp: The extent of variation of the usage level of the CSFs
cannot be attributable to the variation in its importance rating.

Alternate Hypothesis, H3 1: The extent of variation of the usage level of the CSFs
can be attributable to the variation in its importance rating.

Null Hypothesis, Hy o: The importance level of each of the CSFs does not correlate
to the importance level of other CSFs.

Alternate Hypothesis, Ha 1: The importance level of each of the CSFs is correlated
to the importance level of other CSFs.
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Null Hypothesis, Hso: The extent of adoption of each of the CSFs does not
correlate to the extent of adoption of other CSFs.

Alternate Hypothesis, Hsj: The extent of adoption of each of the CSFs is
correlated to the extent of adoption of other CSFs.

Null Hypothesis, Heo: The responses received from Al contractors do not differ
from A2 contractors with regard to the importance level of the CSFs.

Alternate Hypothesis, Hg 1: The responses received from Al contractors differ
from A2 contractors with regard to the importance of the CSFs.

Null Hypothesis, H7o: The responses received from Al contractors do not differ
from A2 contractors with regard to the extent of adoption of the CSFs.

Alternate Hypothesis, Hy 1: The responses received from Al contractors differ
from A2 contractors with regard to the extent of adoption of the CSFs.

1.3 Research Aim and Objectives

Although studies (Low et al. 1999; Ong 1997) have provided suggestions for
construction firms to consider to attaining higher CONQUAS scores; at best, a
prescribed list of items was proposed but they have not been evaluated and quan-
tified in detail (Low 2001a, b). Furthermore, the study by Calingo et al. (1995)
stated that little has been written on the nature and extent of journey of contractors
towards achieving good workmanship quality in Singapore.

Hence, this research aims to bridge the knowledge gap by identifying the CSFs
for achieving high CONQUAS scores by contractors from the time the project is
awarded to the time the project is completed. CSFs are the limited number of areas
in which results, if they are satisfactory, will ensure successful competitive perfor-
mance for the organisation (Leidecker and Bruno 1984). It should be noted that
CONQUAS does not measure the quality of building design, the materials speci-
fied nor the level of maintenance found in a building (Low 1993). It also does not
cover latent defects that may appear after handing over as such defects cannot be
foreseen or visible during CONQUAS assessment. Therefore, the CSFs that will
be covered only involve the few key areas relating to construction workmanship
quality which must be done right the first time according to the specifications and
requirements of the consultants. The CSFs are those areas in which contractors
must excel in order to be successful towards CONQUAS management.

Furthermore, it is important to not only evaluate the achievement of high
CONQUAS scores by the CSFs during the project’s construction phase, but per-
haps to consider other influences from the various stakeholders of the project as
well as corporate-wide performance and overall QMS of the company. Hence, to
accomplish the aim of this research,

1. The whole CONQUAS process (Fig. 1.2) will be examined thoroughly to
present the idea of CONQUAS and its assessment approach which have given
rise to a certain quality trend.
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2. The QMS will then be investigated to explore its application to managing
CONQUAS effectively.
Finally, CSFs for achieving high CONQUAS scores will be identified from sec-
ondary sources and they will then be verified from primary sources in order to
develop a CONQUAS management framework for contractors to adopt in their
future projects.

3.
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1.4 Significance of Research

Having stressed the need to offer a clearer perspective to the successful achievement
of high CONQUAS scores, this research endeavours to embark on the subject mat-
ter of overcoming existing challenges with the incorporation of CONQUAS in pro-
jects. This is significant as contractors with proven track record of high CONQUAS
score projects have higher chances to secure new contracts. CONQUAS is also part
of the Price Quality Method framework where CONQUAS score is one of the cri-
teria to assess the quality performance of contractors which will then be translated
into quantitative scores and combined with the price scores, to select the most suit-
able firm that provides the best offer for award of contract. Such greater emphasis on
achieving high CONQUAS scores not only helps to gain a competitive advantage at
the tendering stage, it also means monetary reward and a higher possibility of secur-
ing the prestigious BCA construction excellence awards (CEA) since CONQUAS is
a major part of the evaluation criteria to assess the workmanship effort of the project.

Looking forward, the quest to manage CONQUAS should not be undermined
to further improve overall quality standards and meet increasing developers and
end-users expectation for better quality buildings. This will certainly bring about
a progression towards partnership with clients and subcontractors for future
projects. Moreover, conquering the entire CONQUAS process is a sign that the
critical course of action was executed assiduously throughout the project which
signifies the achievement of project targets as well as the attainment of organisa-
tional goals (CII and TQM Task Force 1994).

1.5 Book Structure

This book is divided into nine chapters as presented in Fig. 1.3. The first three
chapters are a review of construction quality with focus on the CONQUAS
scheme. Chapter 4 presents an analysis of the CSFs to be integrated into every
construction project. With that, the following three chapters conduct a rigorous
three-tier field investigation of the CSFs identified. The proposed CONQUAS
management framework will then be discussed. Lastly, the main findings and vali-
dation of the seven sets of hypotheses will be summarised.
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Chapter 2
Construction Quality Assessment System

2.1 Evolution of CONQUAS

2.1.1 History and Development

In 1989, the first edition of CONQUAS was introduced to evaluate the quality
performance of building contractors in the public sector (Tang et al. 2005).
Subsequently, CONQUAS was applied to the superstructure works of private
building projects in 1991 as well as development on sites sold by the Housing and
Development Board and the Urban Redevelopment Authority and civil engineering
works construction in 1993 as a way to assure quality even in other sectors. In the fifth
edition launched in 1998, known as CONQUAS 21, the assessment of Mechanical
and Electrical (M&E) Works was included to replace the External Works component
to make CONQUAS scoring more accurate and customer-oriented (Chiang et al.
2005). Industry concerns and end-user feedback continued to shape CONQUAS 21
BCA (2005). After a review focusing on latent defects, the sixth edition launched in
2005 introduced the wet-area water-tightness testing and in-process inspection for
internal wet-area waterproofing works to ensure better quality assurance and higher
CONQUAS scores. Following that, the seventh edition became applicable in 2008
where the defect level weightages for internal finishes assessment are raised for a
more accurate reflection of homeowner priorities on defects. Hence, this study will be
based on the seventh edition, which can be found from the following web link:
http://www.bca.gov.sg/professionals/iquas/others/ CONQUAS_7edit.pdf
However, it should be noted that the latest eighth edition, which was launched
on 31st October 2012 (mid-way during this study), can be found in:
http://www.bca.gov.sg/professionals/iquas/others/ CONQUASS.pdf
In a nutshell, CONQUAS is reviewed periodically due to changes and improve-
ments in processes, technology, strategies and methods of construction, which are
continuously evolving in the industry. Hence, it is necessary to constantly align the
CONQUAS standard with industry trends to keep it current and relevant.
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Table 2.1 Bonus and discount threshold score from 1/4/2012 to 31/3/2013

Building category Discount threshold score Bonus threshold score
Residential 82.6 88.6
Commercial 82.0 88.0
Institution 80.0 86.0
Industrial/others 79.1 85.1

Source BCA (2012)

Table 2.2 Merit and default points

CONQUAS score (%) Merit/default points
>(A + 15) 5 merit points

(A + 12.1)~(A + 15) 4 merit points
(A+9.D—(A+12) 3 merit points
(A+6.1)~(A+9) 2 merit points
(A+3.1)~(A+06) 1 merit point
(A—-3)-(A+3) Nil
(A—6)-(A-3.1 1 default point
(A—-9)-(A—-6.1) 2 default points

(A —12)~(A —9.1) 3 default points

(A —15)-(A — 12.1) 4 default points

(A —20)—(A — 15.1) 5 default points

< (A —20) 10 default points (debarment to be considered)

Note A is the average CONQUAS score for the particular building category

Source BCA (2012)

2.1.2 Bonus Scheme for Construction Quality

CONQUAS 21 was launched together with the BSCQ whereby a contractor of a public
project would have a 0.2 % bonus or discount of the effective contract sum for every
point scored above or below the bonus or discount threshold score. The bonus or dis-
count threshold scores are set at three points above and three points below the previ-
ous 24-month average CONQUAS score for the relevant building category as shown in
Table 2.1. This would give them a preferential advantage of up to 3 % of the effective
contract sum or S$2 million, whichever is lower, over their competitors when tendering
for government projects. As a result, contractors have become more conscious of qual-
ity as those who performed poorly would be penalised with disincentives (BCA 2009).

Furthermore, based on the latest five contracts, when a contractor accumulated
CONQUAS default points as explained in Table 2.2, a price-loading of 0.2 % for
each CONQUAS default point, subject to a maximum of S$2 million, would be
applied against any tender proposal by the contractor in the evaluation of tender.
An example of how this price-loading affects the tender evaluation process is
shown in Table 2.3. Apart from that, once the contractor accumulates more than
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five CONQUAS default points, it will be downgraded by one financial grade for
up to a period of twelve months. Alternatively, debarment will be recommended if
the contractor accumulates ten or more default points.

Therefore, contractors who want to tender and win in a public project have to
have a good track record of high CONQUAS scores. With that, chances of any pen-
alties and disincentives will be minimised as well. To a large extent, relying on the
BSCQ to enforce workmanship in contractors does assure that the buildings deliv-
ered will be of a certain quality (Mohammed and Tan 2001). Moreover, this policy
has been welcomed by contractors as it is deemed to be an effective policy intro-
duced by the government to drive the quality standards in the industry (Mohammed
and Tan 2001). Coupled with the Construction 21—Reinventing Construction’s
vision of transforming the construction industry to be a world-class builder in the
knowledge age (Construction 21 Steering Committee 1999), it is certainly impor-
tant for contractors to devise a list of CSFs to the achievement of high CONQUAS
score so that the level of built quality can be delivered with greater assurance.

2.1.3 Introduction of Quality Mark Scheme

The evolvement of CONQUAS is supported with the launch of the quality mark
(QM) for Good Workmanship Scheme, which is issued to individual apartment
unit for new residential projects. QM is mainly evolved from the CONQUAS
Internal Finishes Quality standards. Each unit has to achieve a minimum of 80
points, and there should not be any leakages detected during the water ponding test
and window water-tightness test (optional). This is to help and encourage develop-
ers meet the rising expectation of Singaporeans for better consistent quality homes.
Although QM is completely voluntary, its take-up rate has increased steadily from
28 % in 2006 to 56 % in 2009 for the purpose of enhancing both developer’s and
contractor’s branding (BCA Academy 2012c). The QM average unit score perfor-
mance has also improved from 80.8 in 2006 to 83.9 in 2009, and this has been
found to be correlated to its attainment of higher CONQUAS score as compared
with non-QM private residential projects as shown in Fig. 2.1.

Nonetheless, there is a slight difference between CONQUAS and QM as
depicted in Table 2.4. QM certification is for individual unit that provides a better
indication of internal quality level only, while CONQUAS is a certification of the
overall project quality which may actually varies from unit to unit. In fact, partici-
pation in QM has helped to propel Singapore’s construction industry workmanship
standards to a greater height, raising the percentage of building projects achiev-
ing a CONQUAS score above the benchmark. However, this has only been suc-
cessful to private residential project (QM certified), while other types of projects
(non-QM) are still far from achieving a CONQUAS score above the norm (BCA
Academy 2012c). Even so, no matter whether projects are QM certified or not, it
is vital that contractors have the skills and capability to manage CONQUAS by
way of formulating a set of CSFs for achieving high CONQUAS scores.
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Table 2.4 Difference between CONQUAS and QM scheme

Criteria

CONQUAS

Quality mark

Applicant
Assessment fee

Scope of assessment

Assessment sampling/
approach

Assessment outcome

Main contractor
Based on gross floor
area (GFA) of project

Structural works
Architectural works

Internal finishes

External wall/works
Window water-tightness test
Pull-off test for wall tiles
Material and functional tests
M&E works
Sampling approach
Samples worked out

based on GFA of project
1st time right approach
CONQUAS certificate

for project with score reflected

Two certificates issued: developer

Main contractor

Developer

Based on unit rate for:
Condominium develop-
ment Landed housing

Internal finish works

Waterproofing test
to bathrooms

Random in-process
inspection on key trades:

Waterproofing works
Marble/tiling works
Timber flooring works
Window installation

Internal finish of all units

Water ponding test of all
bathrooms found in units

Allow re-score

Quality mark certificate
for every individual
unit that meets the
stipulated standard

Individual unit score not
reflected on certificate

Certificates are issued to
developer only

Source BCA Academy (2012)
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Table 2.5 CONQUAS score weightage system

Components CAT A: CAT BI: CAT B2: CAT C: public CAT D: landed
commercial, commercial,  private housing (%)  housing (%)
industrial, industrial housing (%)
institution institution
and others (%) and others (%)

Structural 25 30 25 35 30

works

Architectural 55 60 65 60 65

works

M&E works 20 10 10 5 5

CONQUAS 100 100 100 100 100

score

Note In general, projects with central cooling system having cooling tower, chiller system, etc. are
classified under CAT A. Otherwise, it will be classified under CAT B1

Source BCA (2008)

2.2 Assessment Approach

The assessment is divided into three parts—structural works, architectural works and
M&E works—with different weightages for each building category. This is aimed at
making the CONQUAS score objective in representing the quality of a building to
reflect the approximate cost ratio of each component in the various building types
and their aesthetic consideration as shown in Table 2.5. The quality of workmanship
will be assessed throughout the construction process for structural and M&E works.
On the other hand, the workmanship quality for architectural works is assessed on
buildings completed between one to three years which give rise to a higher chance
of subjecting to lower CONQUAS scores as the workmanship quality may worsen
upon being occupied by users. While the lower limit of one year helps to ensure
that faults, if any, can be detected, the upper limit of three years will ensure that the
building concerned can still be regarded as a relatively new development. Overall,
CONQUAS provides a common objective and measureable platform for quanti-
fying the quality standards within specific time and cost limits and in the process,
raises the level of quality in construction BCA (2005).

Generally, the projects are assessed through site inspections, tests on materials
and functional performance of selected services and installations, where the work-
manship is evaluated and scored objectively by trained BCA assessors using stand-
ard score sheets BCA (2008). Figure 2.2 shows an example of an internal finishes
assessment in the principal location. The required samples are chosen according to
the ratio set out in the four categories of buildings for the principal (e.g. halls and
rooms), circulation (e.g. stairs, corridors and lift lobbies) and service (e.g. kitchen,
toilets and plant room) areas, respectively. This is vital as all three locations will ulti-
mately affect the long-term performance of the building. Most importantly, scoring
will only be done once and rectification or any correction carried out thereafter will
not be re-assessed to encourage the approach of “doing things right the first time”.
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Fig. 2.2 Example of CONQUAS assessment internal finishes score sheet. Source BCA Academy
(2012)

Table 2.6 Number of samples required for structural and architectural works

Components CAT A and B1 CAT B2 and D private CAT C public
commercial, industrial, and landed housing housing
institution and others

GFA per Min. Max. GFAper Min. Max. GFAper Min. Max.

sample sample sample
(m?) (m?) (m?)
Structural 500 30 150 1,500 30 50 1,500 30 50
elements
Architectural 70 30 800 70 30 600
internal
finishes
Source BCA (2008)

2.3 Sampling Approach

The number of samples that is required to be prepared is believed to have affected
the CONQUAS score. From Table 2.6, it is shown that the number of structural
sample required for housing projects is thrice lower than non-housing projects. This
is the main reason which accounts for the fact that structural works of housing pro-
jects tend to perform better than non-housing projects (Corenet 2012). As a result,
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Table 2.7 Number of samples required for M&E works

Components CAT A with central CAT B1 and B2 without CAT C and D public
cooling system central cooling system and landed housing
GFA per Min. Max. GFAper Min. Max. GFAper Min. Max.
sample sample sample
(m?) (m?) (m?)
Electrical, 1,000 35 70 1,500 25 50 3,500 10 20
ACMYV, fire
protection,
S&P
Basic M&E 500 30 150 500 30 150 500 30 150
fittings
Source BCA (2008)

the total number of sample locations for internal finishes of housing project is
notably more than seven times of non-housing project which is one of the reasons
that causes its architectural works to score poorly. Moreover, architectural works
have to be assessed on a free-look basis as compared with structural works where
sample locations have to be planned beforehand. Thus, contractors will put in more
effort in these planned structural locations but to do the same for all the architec-
tural works would be tough.

Next, although M&E works are also randomly assessed, they are still able to
score relatively well (Corenet 2012) due to the fact that M&E works have a rela-
tively much lower number of sample locations required as compared with struc-
tural or architectural elements as shown in Tables 2.6 and 2.7. With that, it is
suggested that to a certain extent, the CONQUAS sampling approach is deemed to
have unwittingly manipulated the quality trend results.

Overall, the number of sample locations required for architectural works
is the most out of the three components which signifies that more attention has
to be paid to ensure that all architectural sample locations are thoroughly ready
for CONQUAS assessment. Moreover, architectural works accounts for at least
55-65 % of the CONQUAS score depending on the category of building it belongs
to, acting as a barrier to achieving a high CONQUAS score. Hence, it is important
that contractors take note of the quality trends in each of the three components so
as to allocate resources more appropriately and tailor a set of CSFs to overcome
this shortcoming of CONQUAS assessment and cultivate a “first time right” mind-
set as well as to achieve high CONQUAS scores.

2.4 Quality Trends

In order to do so, industry players can look at the information on construction
quality (IQUAS) website which provides a vast repository of CONQUAS assess-
ment data to benchmark their performance on workmanship quality against the
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industry standards. A noticeable defect trend data on (Corenet 2012) found that the
architecture works component has the highest percentage of non-compliance ever
since CONQUAS was launched. This is further supported as the average score of
architectural works is only 73.9 as compared with 86.6 and 86.5 achieved in the
structural and M&E components, respectively (Corenet 2012).

In view of this, BCA developed a CONQUAS 21 Enhancement Series called
the good industry practices (GIP) guides which aims to share with contrac-
tors good industry work practices adopted by contractors and practitioners who
have been able to consistently deliver high-quality work, in other words, high
CONQUAS scores. These guides, also available in the CONQUAS application,
serve to help improve the contractor’s quality standards with focus on the architec-
tural aspect. The following twelve titles have been released since 2003:

Ceramic Tiling (Second Edition)

Marble and Granite Finishes (Second Edition)
Waterproofing for Internal Wet Areas (Second Edition)
Painting (Second Edition)

Waterproofing for External Wall

Timber Flooring

Aluminium Window

Timber Doors

Wardrobes and Kitchen Cabinets

Precast Concrete Elements

Design and Material Selection for Quality—Volume 1
Design and Material Selection for Quality—Volume 2

In particular, the use of dry walls on average has lead to a higher score of 87.2 %
compared with 76.7 % achieved using conventional brick wall or reinforced con-
crete wall (BCA 2012b). In spite of this, architectural works has only achieved
an overall improvement rate of 52 % from 2001 to 2011 as compared with the
improvement rate of 84 and 68 % achieved in structural works and M&E works,
respectively (BCA 2012b).

As a whole, the introduction of GIP is targeted at the upstream construction
activities whereby selection of materials and design plans drawn up by the con-
sultants is deemed to be of great consequence to the downstream activities of the
contractors, playing a major role in influencing the workmanship quality on site.
With that in mind, the following sections will highlight on the downstream work-
manship quality trends for each assessment component.

2.4.1 Mechanical and Electrical Works

In this segment, 50 % of the score is for the M&E works on-site inspection, and
the other 50 % is for the performance test assessment declared by the quali-
fied personnel. It is observed that M&E works has the lowest number of defects
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non-compliance and a proportionately higher average score achieved than
architectural works though slightly lower than structural works (Corenet 2012).
Apart from the low number of sample locations required as mentioned, Griffith
(2011) has recognised that there are much more national, regional and international
standards including the Singapore Standards for M&E works and even structural
components as compared with architectural components. This accounts for the
relatively decent performance by M&E works as they have a reference point to
understand and apply the correct system so as to attain the stipulated workmanship
quality required.

2.4.2 Architectural Works

Besides the sampling and assessment approach that makes it more challenging
to achieve high architectural scores, another reason for the poor performance of
architectural works is largely due to the fact that they are the last trade to begin
work. As the initial phase of the project is often delayed, architectural works have
lesser time to complete subsequently (Fewings 2005). Consequently, the abun-
dance of demanding interfacing works, trades and details in architectural works
cannot be attended to attentively which caused workmanship standards to suffer,
leading to an increase in percentage of non-compliance. In addition, during con-
struction, it is evitable that labourers need to frequently access various areas to
complete their work. Due to the lack of protection of the materials at the fac-
tory as well as during delivery at site and after installation, architectural trades,
being the outer layer, are exposed to higher risk of deteriorating faster than how it
should be subjected to wear and tear under normal operational conditions (Meier
and Wyatt 2008). However, even though contractors play a major part in affecting
the architectural scores, architects and owners cannot deny their responsibility as
the method, system and technology chosen in consideration of their budget and
needs also play a major role in affecting the quality of workmanship that contrac-
tors cannot control.

2.4.2.1 Internal Finishes

There are six elements assessed in internal finishes, and it is observed that the per-
centage of non-compliance achieved in each element have been rather stagnant
since 2007 to 2011 as shown in Fig. 2.3. On top of that, the percentage of non-
compliance of each and every element in 2011 is actually higher than the value in
year 2000 which suggests that there has been no or little improvement and more
has to be done to reduce the percentage of non-compliance for all elements. In
particular, the jointing and gaps defect is present across all six elements with an
exceptionally high percentage of non-compliance as compared with the other type
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Fig. 2.3 Percentage of non-compliance for internal finishes from 2000 to 2011. Source (Corenet
2012)

of defects (Corenet 2012). Apparently, this seems to suggest that current meas-
ures have not been effective or rather, not utilised at all to reduce the number of
non-compliance.

The GIP measures recommend that segregation of tiles based on production
batch as well as the use of rectified (first-grade) tiles will assure a better workman-
ship quality. However, contractors may be concerned that more time and cost will
be involved to achieve such workmanship accuracy (Chiang et al. 2005). Another
GIP is the choice of using rebated door system with lift-off hinges whereby the
doors are kept and will only be installed at a much later stage during the construc-
tion period to minimise damages as construction of other trades are still in pro-
gress. Alternatively, sub-frame door system is also encouraged compared with the
traditional system. Similarly, although the costs of these unconventional door sys-
tems are much higher, they are easier and faster to install and more convenient to
handle, which will lead to an easier means to achieve the required workmanship
quality. Hence, contractors rather forgo such GIP and sacrifice the CONQUAS
score in order to spend within budget and earn more profits, which is the priority
of most contractors.

On the whole, the findings suggest that the use of such GIP is accepta-
ble as long as it does not lead to great diminishing returns. This means that the
achievement of high CONQUAS scores should not be at a significant expense
of increased manpower and cost which is also the rationale behind the capping
of CONQUAS score at 95 in the latest CONQUAS eighth edition, published in
October 2012. This is supported by studies conducted by BCA (2012) which
found that in order to increase the CONQUAS score from 95 to 97, just two
points, requires a significant increase of 44 man-days as shown in Fig. 2.4.
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Fig. 2.5 Percentage of non-compliance for other architectural works from 2000 to 2011. Source
(Corenet 2012)

2.4.2.2 Other Architectural Works

Although this segment has a much lower percentage of non-compliance as
compared with the internal finishes segment and improvement has been pass-
able (BCA 2012c), more can be done to further perfect the score of this segment
so as to be on par with the almost perfect value achieved in the water-tightness
test (WTT) elements from 2008 to 2011 as shown in Fig. 2.5. This may be due
to the fact that self-testing is required, and hence, corrective actions can be done
before the official test by BCA. In addition, BCA have to conduct an in-process
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Table 2.8 Industry non-compliance average by assessment type

Type of defects Industry non-compliance average (%)
Roof 22.66%

External wall 28.77%*

External works 22.56%*

Pull-Off test 11.29

Wet-area water-tightness test 8.73

Flat roof water-tightness test 3.25

Field window water-tightness test 5.93

Total 21.25

Source (Corenet 2012)
“ The top three areas with a high percentage of non-compliance are indicated with an asterisk

inspection of the internal wet-area waterproofing process based on the approved
method statement and shop drawings before actual works begins which contributes
to the low level of non-compliance in the WTT. With that, BCA have decided to
reduce the WTT weightage from ten points to nine points in the latest CONQUAS
eighth edition so as to place more emphasis on better quality design and material
choices.

Unlike internal finishes, the roof, external wall and external works are assessed
after the temporary occupation permit is issued. Hence, contractors are advised to
make an appointment for assessment as soon as possible due to the fact that these three
elements are open areas and will be subjected to varying weather conditions. Such
exposure will certainly affect the workmanship quality that was constructed in the first
place which explains the industry trend of having a relatively high percentage of non-
compliance in these three areas (indicated with an asterisk) as depicted in Table 2.8.

2.4.3 Structural Works

Structural works is deemed as the root cause of problem and any poor workman-
ship quality detected will affect subsequent trades, resulting in poorer workman-
ship quality of the end product (Hoonakker et al. 2010). The determination of
nonconforming structural work is more difficult when the work has been covered
by finish work or subsequent installations (Demkin 2008). Moreover, to fast-track
construction, structural components are often poured at one go first without mak-
ing openings for electrical services as the exact locations have not been confirmed
yet during the early stage of construction (Fanella 2010). Demolishing parts of the
structural component after that, will affect the workmanship quality of the final
product which is also one of the reasons why these areas, are often not chosen to
be part of the sample location. As mentioned earlier, samples for structural works
are pre-planned by the main contractor, and this is an opportunity for them to set
up a high level of workmanship standard for the assessment, which may be the
reason why structural works performed the best out of the three components.
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Fig. 2.6 Precast concrete defect distribution from 01/01/2000 to 30/04/2011. Source (Corenet
2012)

It is noted that precast concrete, prestressed concrete and structural steel work
have relatively lower percentage of non-compliance (Corenet 2012) largely because
these systems are produced under factory-controlled conditions (ACI 2008). In par-
ticular, the exposed surface criterion is a major contributor to the non-compliance
for precast concrete as shown in Fig. 2.6. This is because of damages suffered due
to lifting operations which is harder to accomplish especially with extreme site con-
straints and load limitations of the tower crane (Peurifoy et al. 2010). Nevertheless,
it is still easier to control the workmanship quality of precast elements as compared
with other types of structural components. Therefore, the use of precast elements is
widely promoted as seen in the latest CONQUAS eighth edition where bonus points
will be awarded when at least 65 % of toilets are prefabricated and if accreditated
precasters are employed too. This is to reduce the need to deploy skilled manpower
to carry out the finishing works, which are highly intensive on these components.

On the contrary, reinforced concrete structural system has the highest percent-
age of non-compliance as its workmanship quality demands more on the site con-
ditions and skill level of the labourers which is harder to control (Meier and Wyatt
2008). Studies have found that the type of formwork and rebar chosen will affect
the workmanship quality of the structural works greatly (Tattersall 1990). The two
main types of rebar are mesh kind which is fixed in the factory, and the traditional
method where rebars are tied manually on site. Similarly, factory-controlled mesh
will be of better quality but cost is an issue (American Concrete Institute 2008).
Hence, there is still a need for manual bar bending to reduce cost but its qual-
ity may not be as good as mesh rebars. Next, system formwork will ensure that a
better quality finishing be achieved as compared with timber or metal formwork
which tends to deteriorate faster when they are re-used to construct the next level
(Oberlender and Peurifoy 2010). This is one of the reasons for a high percentage
of non-compliance of the finished concrete, and Fig. 2.7 shows that the biggest
source is from the exposed surface criteria where coarse aggregates and bulging
are often detected due to the gaps in the formwork.

Additionally, the ultrasonic pulse velocity test for concrete uniformity has
a very high percentage of non-compliance in the structural works component.
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Fig. 2.7 Finished concrete—percentage defect distribution from 01/01/2000 to 30/04/2011.
Source (Corenet 2012)

This is common in reinforced concrete structure due to the fact that continuous
pour to each structural element from the same truck of the same concrete batch
was not ensured due to poor estimation planning of the concrete required (ACI
2005). This is critical because if concrete of different batches are used; there will
be higher chances of aggregation which compromises on the workmanship quality
of the final building product.

2.5 Summary of CONQUAS Findings

To transform Singapore’s building quality excellence, these common areas of non-
compliance have to be eliminated. Among all three components, it is noticed that
the products, systems and methods of construction chosen is critical in affecting the
CONQUAS score. Moreover, the source of the major contributing factor to the high
number of non-compliance actually relates to the design and materials selected. This
implies that the specifications in the contract documents are influential to the contrac-
tor’s effort to achieve high CONQUAS scores. Hence, in order to meet the minimum
CONQUAS standards, these specifications could be drafted out based on the National
Productivity and Quality Specifications which can be found electronically (eNPQS).

eNPQS aims to harmonise the industry building specifications and provide a
standard platform for achieving greater efficiency and quality in the design and con-
struction process. It is written with reference to recognised standards as well as the
CONQUAS standards. This implies that having specifications drafted no less than
the minimum criteria of eNPQS is an important role that the architect has to play to
ensure that contractors are able to meet the CONQUAS requirements by complying
with the contractual specifications (Lee et al. 2011). This also means that the con-
tractual specifications should have incorporated the workmanship quality require-
ments to assure that the CONQUAS management workflow designed will at least be
able to pull-off and achieve the minimum CONQUAS score. Moreover, submitting
a quality control plan to the client is a criterion in the eNPQS.
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Essentially, companies implementing a QMS should emphasise building quality
into the product rather than inspecting quality into the finished product and remov-
ing defective products thereafter (Tan 2001).Therefore, besides the downstream
quality inspection and correction activities, the upstream quality management
planning activities to build quality into the product are also significant in influenc-
ing the CONQUAS score to ensure that quality is controlled as it should be and
this will be presented in the next chapter.
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Chapter 3
Quality Management

3.1 Evolution of Quality Management

The success of the Japanese mass production era in managing quality has led the West,
particularly the United States and the United Kingdom, to wake up to the importance
of quality (Boje and Dennehy 2008). In 1979, a national uniform standards for qual-
ity system, BS 5750, was published in United Kingdom. Soon, the British Standards
Institution (BSI) submitted a proposal to the ISO that a new technical committee be
formed to prepare international standards related to quality assurance techniques and
practices. As a result, the ISO 9000 series was published for use in 1987 and was
established in Singapore in 1991. The ISO 9000 series defines comprehensive qual-
ity management concepts and guidance, what elements quality systems should encom-
pass, but does not specify how to accomplish them (Gould and Joyce 2003). Hence, a
guideline on the implementation of total quality management (TQM) was published
by BSIin 1992 and referred to as BS 7850.

TQM is a company-wide effort that involves everyone in the organisation to
improve performance (CII and TQM Task Force 1994). It is a management philos-
ophy that effectively determines the customer’s needs and provides the framework,
environment and culture for meeting those needs at the lowest possible cost. However,
Samson and Terziovski (1999) found that construction organisations have not pro-
gressed to implement continuous improvement initiatives, and therefore, the potential
for learning has been inhibited. Therefore, it suggests that if the construction indus-
try is to improve its quality performance, contractors must learn from their mistakes
and adapt to the changing environment by analysing the integration of the company’s
strategy and structure, technical capabilities as well as quality culture, which is the
backbone of TQM (Oswald and Burati 1992). Strategy and structure will address the
“what” and “how” contractor manages quality (Jaafari 1997). The technical compo-
nent will deal with the contractor’s skills, practices, tools and methods used through-
out the CONQUAS management process (Jaafari 1997). Lastly, having a quality
culture will address the norms and behaviour expectations the contractor has set for
itself and its people (Jaafari 1997).
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On the whole, TQM has been widely recognised and successfully implemented
in many large enterprises, giving them the edge in international as well as local
competitiveness through the production of high-quality products to satisfy cus-
tomer needs (Dale and Plunkett 1990; Hakes 1991; Carr et al. 1996). It is deemed
that companies who make use of the TQM concept as their QMS, which is inde-
pendently assessed for the ISO 9001 requirements, will be recognised for its ability
to provide its business outputs to known and consistent standards for performance
and quality (Palaneeswaran et al. 2006). TQM is a fundamental component that a
construction organisation should embrace if it is to attain excellence in their work
performance (Samson and Terziovski 1999). TQM is a way of thinking about goals,
organisations, processes and people to ensure that the right things are done right the
first time (Low and Teo 2004). Thus, by using TQM as a management concept and
CONQUAS as a measurement tool, an efficient and effective QMS can be devel-
oped and implemented so as to achieve good construction workmanship quality.

3.2 Rationale for Quality Management in the Construction
Industry

The American Society of Civil Engineers (2000) defined quality in construction as
meeting established requirements as follows:

Quality in constructed project is achieved if the completed project conforms to the stated
requirements of the principal participants (owner, design professionals, contractors) while
conforming to applicable codes, safety requirements and regulations.

Further, it is reckoned that a successful contractor is one who recognises the
importance of quality to its activities, understands the need for the proactive man-
agement of quality and puts in place the mechanisms to ensure that quality man-
agement is undertaken systematically, rigorously and continuously. This indicates
that the performance of the contractor and the quality of the building are the most
distinguished differentiating characteristics in the construction industry (Ng 2005).

With respect to raising the quality of Singapore’s built environment, contrac-
tors are constantly challenged to improve their workmanship quality, and hence, they
have to be driven to find better ways of undertaking the quality management process.
Moreover, CONQUAS, as a well-recognised scheme, will demand contractors to
meet the exacting needs and ever-increasing expectations of the quality of construc-
tion which are defined and described in the contract specifications. At the same time,
BCA has to play a critical role in reshaping the CONQUAS workmanship standards
constantly as well as providing other support initiatives such as talks, guidelines and
courses in order to help contractors deliver a project within the specified level of qual-
ity. With that, quality can then be managed controllably and in an assuring manner
so as to achieve high CONQUAS scores and place contractors in the appropriate and
fruitful position to serve the construction industry and prosper (Gould and Joyce 2003).
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3.3 Quality Control and Quality Assurance

Quality control (QC) primarily deals with issues relating to conformance to the
plans and specifications. This means that all of the materials, systems and work-
manship applied to the project must be designed to conform to the requirements
set forth in the contract documents (Thorpe and Sumner 2004). QC can be accom-
plished using a number of different mechanisms: submittals, mock-ups, shop
drawings, inspections and testing, which are all called for in the project manual
(Sukhija 2009). These are the operational techniques and daily activities that can
be used to fulfil requirements to achieve CONQUAS standards. Before that, it is
essential that contractors promote a quality culture as the support and commitment
of the top management is a key factor to make the QC application successful and
meaningful (Kanji and Wong 1998).

On the other hand, quality assurance (QA) is a process which verifies that QC
has been addressed by dealing with policies and procedures associated with hiring,
training, subcontracting and procurement to effectively realise good craftsmanship
and workmanship (Thorpe et al. 1996). These must be planned systematically so
that necessary actions can be taken to provide adequate confidence that the build-
ing will satisfy the given requirements for CONQUAS. Moreover, QA promotes
the “right-first-time” philosophy by establishing procedures and defining processes
so that checks can be made at key points in the process to ensure compliance with
the procedure (Chung 1999).

Hence, it is important that CONQUAS utilises both a project perspective (QC)
and a process perspective (QA) in their CONQUAS QMS so as to aid in the
achievement of a good CONQUAS score (Jackson 2010). Besides that, having an
explicit CONQUAS QMS will certainly bring about huge cost benefits which will
be discussed in the next section.

3.4 Pareto Efficiency of Quality Management

An average contractor is estimated to spend 5-10 % of the project cost doing
things wrong and rectifying them as they often do not plan work properly the first
time and ensure that the required workmanship standard can be achieved in order
to avoid the price of non-conformance (Ong 1997). Ong (1997) also mentioned a
“Ten Time” rule, which means that the cost of putting right quality problems at the
construction phase is ten times higher as it does in the design phase and it costs
ten times as much again to wait to resolve these quality problems once the product
is in the commissioning phase as compared to if it is put right in the construction
phase. This cost includes all cumulative cost factors such as lost man-hours and
delays resulting from non-conformance activities such as rework, back charges
and rescheduling to expedite construction.
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In contrast, the price of conformance includes “doing it right the first time”,
self-checking, creating procedures and training (Sullivan 2010). The rewards
include increased customer satisfaction and the likelihood of repeat business;
greater access to public sector and private sector contracts; business processes and
procedures become uniform, standardised and consistent; operations can become
streamlined and more efficient; management and workforce better understand
the objectives of the organisation and their contributions to it; and the reputation
and standing of the organisation are enhanced through QMS certification (Griffith
2011). It can be seen that the benefits are many, diverse and powerful.

Theoretically as well as practically, the cost of the conformance is less than the
saving in abortive costs of non-conformance (Rezaei et al. 2011). Hence, a substan-
tial time and cost-saving can be realised if the contractor puts in adequate investment
to plan and control quality. The cost of initiating a proper QMS is in the range of
0.1-0.5 % of the total project cost, and this has to be monitored closely so that it is
within the overall construction and company budget (Sullivan 2010). From Sullivan’s
(2010) experience, this will trigger savings of at least 0.5-3 % of project cost, a
return in excess of five times the investment for both the developer and the contrac-
tor. This is because high-quality work results in elimination of rejected work and less
intense scrutiny by the architect and engineer, which may have the effect of reduc-
ing the client’s inspection costs. Furthermore, a high-quality structure will result in
reduced maintenance costs over the life of the building. Therefore, both time and
cost-savings can improve with proper quality management in the longer term.

In fact, CONQUAS, as a tool of the QMS, can be used to balance between cost,
schedule and quality. This is because achieving CONQUAS standards will mean that
the price of non-conformance can be avoided as far as possible. The higher score the
project garners, the better the quality which also means that construction will pro-
gress in accordance with the original schedule and lower costs are expected (Koehn
and Regmi 1990). But this deduction is accurate only to a certain extent as after an
optimal level is reached, there will be diminishing returns (BCA Academy 2012).

Further, apart from time and cost, quality is also a major dimension of control
to help in the process of deducing what the project performance formerly was and
what it is now (Fewings 2005). In particular, CONQUAS tells whether and how
well the quality performance of the project is met. It helps ferret out the source
of problems and design corrective action schemes. Most importantly, CONQUAS
measurement highlights where the opportunities for workmanship quality improve-
ment lie so that optimal achievement of high CONQUAS scores can be realised.

3.5 Barriers to Quality Management in Construction

Even with the obvious benefits of quality improvement, quality performance in
construction is lagging behind many industries, including manufacturing (Gould
and Joyce 2003). This suggests that one of the contributory factors is due to the
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numerous obstacles that contractors faced in trying to execute quality management
practices to attain higher CONQUAS scores.

Hoonakker and Loushine (2010) found that construction projects are
exposed to adverse climatic conditions which interrupt the smooth flow of con-
struction works and disrupt its quality management process. In addition, addi-
tions or omissions to the original scope of works are common and this will
affect the subsequent workmanship quality in the reconstructed area (Robert
and Linda 2000). As profit-driven contractors want to minimise cost, they hire
insufficient and incompetent staffs to deal with the workload as well as select
subcontractor based on the lowest price with no regard to their workmanship
quality (Ashford 1989). Similarly, clients do not insist workmanship quality
as a top priority and are more concern about the cost involved (Saarinen and
Hobel 1990). Further, there is no training and proper directions given to staffs
(Kanji and Wong 1998), which means that contractors are unwilling to support
the QMS and adopt the tactic to ensure better workmanship quality in order to
achieve high CONQUAS scores.

Based on these commonly cited barriers to quality management, it is gathered
that in order to maintain control over the quality levels of all the works, there is a
need to develop a set of CSFs to overcome these barriers and reach the targeted
level of CONQUAS score.

3.6 Application of Quality Management to CONQUAS

In fact, there are many different ways to apply quality management as well as fac-
tors to be considered in the application process as investigated by the following
quality gurus in Table 3.1. As it is seen, these quality management considerations
are very similar to the preceding or following instruments that were developed by
other quality gurus too.

Generally, most of the literature concludes that it will be a challenging process
to transpose and translate the principles, practices and techniques of quality man-
agement to construction (Formoso and Revelo 1999; Lahndt 1999; McCabe 1996;
Soares and Anderson 1997). This further reinforced the fact that achieving high
CONQUAS score is a difficult process together with the evidence of an extremely
low percentage of projects achieving high CONQUAS score as highlighted earlier.
Although Singapore’s attempt to do so has met with several obstacles, the same
conclusion can be drawn in Hong Kong where the performance assessment scor-
ing scheme (PASS), which was developed based on CONQUAS, did not result in a
noticeable improvement in the general level of quality even after seven years (Tam
et al. 2000). Therefore, drawing on the above studies, the next chapter will iden-
tify a set of CSFs, tailored for CONQUAS management by main contractors in the
Singapore context, which can be applied to manage CONQUAS effectively and
efficiently.
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Table 3.1 Quality management considerations

Quality gurus Quality management considerations Years

Deming * Strong management commitment to quality 1982, 1986
* Process design and control through statistical tools
* Continuous search for and correction of quality
problems
¢ Purchasing policy emphasising quality over costs
* Removal of all barriers to employee participation and
teamwork
* Effective communication
* Eliminating numerical goals and quotas
* Company-wide training and quality education

Saraph, Benson and ¢ The role of divisional top management and quality 1989
Schroder policy
* The role of the quality department
e Training

¢ Product design
* Supplier quality management
» Operating procedures
* Quality data and reporting
* Employee relations
Flynn, Schroeder and » Top management support 1994
Sakakibara * Quality information
* Process management
* Product design
» Workforce management
* Supplier involvement
 Customer involvement
Black and Porter * Corporate quality culture 1996
« Strategic quality management
¢ Quality improvement measurement systems
* People and customer management
* Operational quality planning
* External interface management
* Supplier partnerships
» Teamwork structures
» Customer satisfaction orientation
* Communication of improvement information
Jabnoun and Sedrani * Customer focus and continuous improvement 2005
* Management commitment to quality
e Training and empowerment
* Benchmarking
Demirbag, Tatoglu, * Quality data and reporting 2006
Tekinkus and Zaim * The role of management
* Employee relations
* Supplier quality management; training
¢ Quality policy
* Process management
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Chapter 4
CONQUAS Critical Success Factors

4.1 Introduction

There are a large number of factors determining the workmanship quality of
contractors who are expected to perform better and better in terms of their
CONQUAS scores. However, contractors can only manage a certain number of
factors simultaneously. The vast amount of factors needs to be reduced to some
manageable few but critical ones before proper measures can be taken to enhance
the CONQUAS score. In addition, the success factors are in the nature of compet-
ing limited resources—money, manpower, time and management efforts; investing
more on some factors often means less on others. It is thus necessary to identify
the vital factors and allocate sufficient resources to those which are the most likely
to yield a maximal outcome of high CONQUAS score.

Although quality may be appreciated in the ease of use of a building or it can
be seen aesthetically and many more (Robert and Linda 2000), for the most part
in this research, the viewpoint of contractors will be portrayed to showcase the
CSFs specifically for achieving workmanship quality. According to Merriam
Webster, “success” is a “desirable or favourable outcome” which is defined to
mean meeting the minimum CONQUAS standard in the context of this research.
Therefore, the CSFs are actions which best enable the contractors to accomplish
the CONQUAS objective throughout the project; some may be more critical in the
early stages while others are more crucial in the later stages. This means that the
identification of CSFs should start from the instant when the project was awarded
as well as throughout its ongoing development and construction stage till the time
when all CONQUAS assessments are completed.

Indeed, the factors of quality success have been reviewed by some authors in
their respective findings (Koehn and Regmi 1990) but contractors have not been
able to allocate and align their limited resources in an effective and efficient way
to the achievement of high CONQUAS scores. This may be due to the weak link
and lack of awareness between the CSFs and achievement of high CONQUAS
score, and hence, their connection will be described convincingly to determine the
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remedies that contractors have to apply in order to realise the CONQUAS standard
successfully. By examining both the characteristics of the construction industry
and the factors investigated in other studies, a set of 33 CSFs contributing to an
impact on the workmanship quality of the contractor is consolidated into the fol-
lowing five categories:

Human resource management (HRM).
Subcontract management (SCM).
Schedule management (SM).

Material management (MM).
Construction management (CM).

4.2 Human Resource Management

The construction sector is one of the most complex and problematic arenas within
which to manage people. As a result, the applicability of much mainstream HRM
theory to this industry is limited. Indeed, the operational realities faced by con-
struction organisations meant that all too often, the needs of employees are
subjugated by performance concerns (Dainty and Loosemore 2012). This has
potentially dire consequences for those who work in the construction industry, for
the firms that employ them and ultimately, for the prosperity and productivity of
the industry as a whole.

In the pursuit to achieve excellent workmanship quality, an organisational
structure which involves quality management is one of the first steps that contrac-
tors have to adopt, according to the European Foundation for Quality Management
framework which also serves as the basis of preparation for establishing the ISO
9001 quality systems (Langford and Rowland 1995). This research has identified
seven factors which critically examine key aspects of the HRM function in the
context of CONQUAS management and the ways in which contractors respond
to the myriad pressures that they face through their HRM practices to succeed in
achieving high CONQUAS scores.

4.2.1 Formation of Quality Management Unit
with Clear Guidelines of Each Member’s Roles
and Responsibilities for Every Project: HRM1

Figure 4.1 shows the Quality Management Unit (QMU) structure typically
employed by construction companies. It is noted that QMU may be termed dif-
ferently in different firms but the purpose of this committee and responsibilities of
the members remains the same. Due to budget and manpower considerations, stud-
ies have shown that none or few contractors have employed full-time site staffs
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Fig. 4.1 Composition of a
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just to deal with quality management issues unless required by the client (Rounds
and Segner 2010). Hence, team members would have to take on quality manage-
ment as one of their roles in the project to make sure that construction work is
carried out correctly from the very beginning. This is to ensure that good work-
manship quality will be adhered and not neglected.

The QMU is vested with the necessary authority to approve and control work
procedures and also to report on the quality performance of the project that
does not meet quality requirements with the minimum standards being based on
CONQUAS (CIDB 1989). There are, therefore, good reasons for contractors to
utilise the QMU approach to quality management and cope with the CONQUAS
requirements effectively.

The QMU is a team and collaborative effort. Therefore, besides the formation
of a QMU, there must be clear roles and responsibilities assigned to each member
to avoid any misunderstandings and negligence in accomplishing their respective
job scope. Further, this is to prevent the QMU of the contractor’s firm from assum-
ing that this is the responsibility of the subcontractors and labourers who tend to
disregard the importance of achieving workmanship quality as long as the job is
more or less done (Palaneeswaran et al. 2006). Similarly, as long as the project can
be completed on time and within budget, clients are likely to overlook on the qual-
ity aspect (Rommel 1996). Therefore, the findings suggest that clients should be
included as part of the QMU to contribute and supervise the CONQUAS manage-
ment workflow.

In addition, the roles and responsibilities assigned to the QMU have to be
actively pursued and consciously managed (Griffith 2011). This is because hav-
ing just a few people abiding by the QMU approach is insufficient as achieving
the workmanship quality requirement is not a single responsibility of any party
but requires a team effort from all stakeholders of the project (Saarinen and Hobel
1990). Therefore, proper management of this factor is essential to discover any non-
compliance to workmanship quality and achieve high CONQUAS score. An exam-
ple of how the samples required can be prepared for CONQUAS submission is
shown in Table 4.1, and each of them should be specifically allocated to the respec-
tive person in charge to make sure that none of the tasks are neglected. Overall,
this shows the importance of clear distribution of work responsibilities to avoid any
ambiguity that would impede the progress of the quality work performance.
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Table 4.1 Tasks allocation for sample preparation

Component

Tasks Person-in-charge

Structural works

Architectural works

M&E works

1. Reinforcement bars, formwork

2. Finished concrete

3. Precast concrete (if applicable)

4. Structural steel assessment (if applicable)

5. Pre-stressed concrete (if applicable)

6. NDT-covermeter test (CVM)

7. NDT-uniform pulse velocity test (UPV)

Submit FORM A—cube and tensile steel
(no attachment needed)

Submit FORM B—welding test declaration
[attachment needed—magnetic particle inspection
(MPI), non-destructive test (NDT) report]

1. Internal finishes (principal, service and circulation
areas)

2. External walls

3. External works

4. Roof

5. Windows’ water tightness test—by BCA

6. Windows’ water tightness test—self-test
by contractor

7. Wet-area’s water tightness test—by BCA

8. Wet-area’s water tightness test—self-test
by contractor

9. Pull-off test (POT)

10. In-process wet-area water tightness test

Submit FORM C—Singapore Concrete Institute (SCI)
wavier for in-process assessment
(attachment needed)

Submit FORM D—Material and functional test
(no attachment needed)

1. Electrical (both during structural and architectural
assessment)

2. ACMV

3. Plumbing and sanitary

4. Fire protection

Submit FORM E—M&E performance test
(no attachment needed)

Submit FORM F—Draft CONQUAS Certificate

Source BCA (2012)

4.2.2 Commitment of Top Management to Advance
the CONQUAS Management Performance: HRM?2

Top management commitment plays a vital role to advance the CONQUAS man-
agement performance, and this has been cited by practicing quality gurus such as
Deming (1986) and Juran (1986) as one of the most important factors impacting
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the success potential of TQM in a firm and improving workmanship quality per-
formance (Anderson et al. 1995; Wilson and Collier 2000). Successful imple-
mentation of TQM requires effective change in an organisation’s culture, and it is
almost impossible to change an organisation without a concentrated effort by the
top management who aims for continuous improvement, open communication and
cooperation throughout the value chain (Daft 1998; Zeitz et al. 1997). Thus, top
management should be actively involved with and dedicated to improve quality
within the organisation and to subsequently improve the CONQUAS score.

Moreover, Ahire and Shaughnessy (1998) conducted a large-scale survey which
found that firms with high top management commitment implement the other
TQM implementation elements more rigorously than those with low top manage-
ment commitment. In the context of this research, this means that different levels
of top management commitment will influence the dynamics of implementing the
other CSFs which is essential to the achievement of high CONQUAS scores. The
role of top management commitment in CONQUAS management efforts is hence
pivotal to advancing CONQUAS performance.

In addition, when top management first learns about TQM, they are often quick
to “convert” (Ahire and Shaughnessy 1998). However, a top management team
which adopts this approach without a serious evaluation of the efforts and resource
requirements heads quickly towards failure (Jelinek and Adler 1988; Dutton and
Ashford 1993). Top management must go beyond merely adopting slogans of
improving quality and actually become involved in quality efforts at various plan-
ning, implementation and monitoring phases. The impact top management com-
mitment has on the resultant quality has also showed that in the long run, superior
and consistent quality leads to improvements in cost and delivery performance
(Ferdows and Demeyer 1990; Leach et al. 1993).

Overall, when the top management is committed, they will put in effort to build
a quality culture by creating clear values and beliefs so as to foster total quality
behaviour (Linklow 1989). This is the main ingredient in a successful TQM pro-
gramme (Westbrook 1993) which is recognised by many quality experts such as
Deming, Juran and Crosby. Their works also identify a number of cultural ele-
ments within the company that must undergo change in order to sustain quality
improvement efforts (Sommerville and Sulaiman 1997). Undoubtedly, the success
of high CONQUAS score needs the active commitment and involvement of the
top management to create a quality culture among the project team which enables
them to work together effectively to attain quality goals.

4.2.3 Getting the Support and Cooperation
of Employees: HRM3

Although leaders provide direction and resources supporting quality, higher-
quality products can only be achieved if they receive the support and coopera-
tiveness of employees. Participation in the field will help in driving the quality
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management practices throughout the entire company such that each and every
employee understands the importance of achieving workmanship quality (Pike
et al. 1994). This is because workmanship quality is ultimately achieved at the
labour force level (Hernandez and Aspinwall 2008).

Employees and subcontractors alike must embrace the quality management
practices and endeavour to produce high-workmanship-quality work. Employee
involvement strategies like quality control circles (QCC) and cross-functional
teams have been used successfully by many organisations to realise gains in differ-
ent phases of quality improvement (Ahire and Shaughnessy 1998). For example,
cross-functional teams have been used in new product development and distribu-
tion management (Carmel 1995). QCC have also been used with mixed success in
quality efforts (Dale and Duncalf 1984). It has also been demonstrated in practice
that the judicious application of these tools combined with team-based incentives
can result in useful suggestions that improve the quality of processes and products
(Cole et al. 1993). Further, encouraging and recognising their hard work will moti-
vate them to cultivate a “first time right” approach to take the project forward.

In addition, employees can be empowered to make decisions related to quality
by assignment of responsibility for the quality results, and provision of technical
and managerial support to aid workers in quality efforts (Ahire and Shaughnessy
1998). It has been argued that these elements lead to more and better worker
involvement in quality improvement efforts (Harber et al. 1991) in world-class
organisations like Toyota (Everett and Sohal 1991). Therefore, it is evident that the
attitude towards quality must not only emanate from the highest levels of leadership
but also from the middle management down to every single worker and subcontrac-
tor in the field, in order to realise the goal of attaining high CONQUAS scores.

4.2.4 Training Employees to Understand and Adhere
to CONQUAS Requirements: HRM4

Although CONQUAS dictates the expectations for quality and “what is right”,
studies have shown that many contractors do not understand what it actually
means (Fouayzi et al. 2006). This reinforces the need to train and equip employees
with the information and skills needed to enforce and ensure that workmanship
quality is good right from the first time. Bell and Burnham (1989) also support
this notion and stated that it is impossible to improve any organisation’s operations
without a well-trained workforce. Training is defined as the process of developing
work-related knowledge and skills in employees for the purpose of improving per-
formance systematically (Saraph et al. 1989). Effective training methods include
simulation exercises, and case studies which can be used in the construction indus-
try to create learning situations based on experience (Tabassi and Bakar 2009).

In fact, BCA has organised CONQUAS training workshops for contractors as
well as developers and consultants. The focus area of the contractors training is
to educate them on the adequate skills required based on the assessment standard
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and make known to them on areas that BCA assessors look out for which are also
common areas with workmanship quality problems. This will allow contractors to
conduct an in-house assessment to simulate the result and rectify non-compliances
before the actual assessment to improve their CONQUAS performance. On the
other hand, the focus area of the developers and consultants training is to teach
them to improve construction quality by adopting the right CONQUAS strategy
upstream and help contractors to produce quality buildings. This is important as
consultants are involved in the drafting of contract specifications and plans, and
hence, they have to understand the minimum requirements of the workmanship
quality standards.

By having an understanding and familiarisation with the CONQUAS standards,
the appropriate resources to achieve the stipulated workmanship quality can then
be procured. Hence, the top management has to provide the resources necessary
for training employees in the use of new quality-related principles and tools and to
create a work environment conducive to employee involvement in the process of
change. Furthermore, it is especially significant for employees and, in particular,
the QMU to know what represents high or low quality when it comes to workman-
ship as they are the ones who will be performing quality checks and determine
whether they are ready for BCA assessment.

4.2.5 Supervision by Client or Architect to Monitor
the CONQUAS Management Workflow of the Main
Contractor: HRM5

Ideally, the employers (client or client’s representative such as the architect)
should be actively involved to make sure that the contractor’s quality plan will
work in the best interest of the project’s quality targets (Brennan 2008). It is
important that they provide the downstream construction team with a clear qual-
ity performance standard and require them to attain a benchmark higher than the
norm. This will push them to do their utmost effort in executing quality manage-
ment practices which are essential to the attainment of high CONQUAS scores.
Also, they should render any assistance to the contractors and be open to sugges-
tions and changes due to design flaws to help achieve the CONQUAS standards.
Contrary to popular belief, this shows that the accountability for achieving high
CONQUAS scores has to be shared with the client as well even though the con-
tractual responsibility still lies with the contractors.

However, many have ignored the upstream involvement of clients and architects
to also put in force a quality culture in the project besides the part on the contrac-
tors (Kanji and Wong 1998). This is because of the fact that employers will be in a
contradicting position to convey the philosophy that quality matters. By assigning
a higher priority to quality over cost or schedule (Ferdows and Demeyer 1990)
and providing adequate resources to the implementation of quality management
efforts, requires them to invest in extra human and financial resources (Chapman
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et al. 1991) and hence, they are unlikely to do so. Thus, the findings indicate that
much government effort is needed so as to motivate developers and architects
to take up this task of monitoring the CONQUAS management workflow of the
main contractor. This is because when contractors are under stringent supervision
by another party, developers will benefit from the deliverance of a building with a
high CONQUAS score. Hence, they certainly have a role to play in the achieve-
ment of high CONQUAS score.

4.2.6 Comparing Company-Wide CONQUAS Performance
Track Records: HRM6

In addition, contractors can learn from the strengths and weaknesses of their past
projects to serve as inputs for their current and future projects. With that in mind,
the possibility of repeating the same defects and non-compliance can be reduced.
On a corporate level, the quality performance of all projects should also be
reviewed so that contractors can reflect on and exchange pointers with each other
on how to score better in future projects. However, concrete empirical studies have
not been tested to prove that the more skilled and knowledgeable the individual
is, or the more experienced the company is, the better it is at striving for con-
struction quality excellence. This is seen as even the top performers have varying
CONQUAS scores (Corenet 2012) which may be due to the fact that the projects
are completed by different teams of people.

4.2.7 Setting a Benchmark to Gauge and Control
the CONQUAS Performance: HRM7

According to Camp (1989), benchmarking is the search for industry best practices
that will lead to superior performance. This proposes that contractors identify their
key business processes and measure and compare them against other contractors
considered to be world-class performers. It is noted that by improving and devel-
oping key processes in this way can provide a route to gauge and control the
CONQUAS performance. Therefore, in order to drive and reinforce the importance
of achieving high CONQUAS scores, the company’s CONQUAS management pol-
icy should set high CONQUAS targets. To do so, contractors can develop their own
benchmarking system or rely on the online IQUAS benchmarking tool as a plat-
form to scale their CONQUAS performance as well as take note of major trends on
workmanship quality and industry good practices to address common defect areas
effectively for continual improvement. To put it briefly, Fong et al. (1998) have cat-
egorised the benchmarking process into five phases as illustrated in Fig. 4.2.
Moreover, benchmarking can be used for achieving awards such as the BCA
CEA and Green and Gracious Builder Award or against international standards
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Needs Assessment Team Benchmarking Team

Identify customers Planning Phase -

Identify what is to be benchmarked

Identify the best performers for comparison
Determine data collection method and collect
data.

Analysis Phase

What
Identify key customer needs —_—

Ladid o

o

Determine current performance gap
Project future performance levels

L
Integration Phase

& icate findings and gain ptance
Establish functional goals

NO

h

Problem-solving <= Actlon Phase
team ez

8. Develop action plans
9. Implement actions & monitor progress
10. Recalibrate benchmarks

h 4
No Maturity Phase Yes

Practices fully integrated into processes?
Leadership position attained?

Fig. 4.2 Benchmarking process model. Source Fong et al. (1998)

or, in their absence, evaluated against internal standards in the contractor’s firms
(Wilson and Durant 1994). Past project performance by other contractors can also
share their strategies that have allowed them to achieve high CONQUAS scores.
Notably, Woh Hup Pte Ltd who has received 34 CEA seeks to meet the changing
demands of the construction industry and consistently deliver high-quality building
solutions. Their staffs are trained to ensure that projects meet stringent quality con-
trol guidelines and overcome construction difficulties through innovations to the
construction process and good project management. Additionally, consistency in
workmanship quality and continuous improvement of a QMS can be achieved by
benchmarking the GIP to check if those practices are really implemented or not.

Indeed, benchmarking can be seen as an important management tool of TQM
(Kouzmin et al. 1999), to measure the various elements that play a part in affect-
ing the CONQUAS performance and determine an appropriate quality target to be
set. All that said, it is important that accurate benchmarking along with feedback
and continuous learning needs to become a genuinely adopted practice in order to
achieve a high CONQUAS score that is attainable within the resource constraints
faced by the contractor.
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4.3 Subcontract Management

Few main contractors these days undertake all the work involved in a contract
on their own account (Brennan 2008). To do so would require that they maintain
resources of men and equipment which would inevitably be under-utilised much of
the time (Peurifoy et al. 2010). Thus, subject to the provisions of the main contract,
they prefer to award subcontracts, whereby all or particular elements of the work
will be performed by other contractors but this does not relieve any of his contrac-
tual obligations, including workmanship quality. Further, Matthews et al. (1996)
stated that it would be logical if main contractors want to improve their performance
and productivity, they should concentrate their efforts where the majority of the
work takes place. This means that main contractors should increase the depth and
strategic importance of their relationships with subcontractors too (Eom et al. 2008).

Subcontractors are like suppliers to the main contractors and both play an
important part in affecting the workmanship quality of the construction process.
Therefore, it is essential that subcontractors also have their own quality programmes
to ascertain an acceptable level of workmanship quality of the final building prod-
uct (Ghobadian and Gallear 1996). Moreover, Eom et al. (2008) found that the main
contractor places primary importance on the subcontractor service and financial sta-
bility, whereas the subcontractor places primary importance on technical capability,
competitiveness, self-growth, financial growth and site process. With that, nine fac-
tors have been identified to showcase the importance of developing a subcontractor
management and evaluation framework to enhance the overall quality and productiv-
ity level of the construction chain to the achievement of high CONQUAS scores.

4.3.1 Controlling the Number of Subcontractors
Working on the Project: SCM1

Having numerous subcontractors on each project is common which also makes it
more difficult to control the workmanship quality of each subcontractor (Fewings
2005). This is because each subcontractor is only concern with their respective
scope of works and tends to ignore the effects on the subsequent works of other
contractors. If the first trade was not properly completed, the workmanship qual-
ity of the subsequent trade will be affected. This can create major problems in the
achievement of the final workmanship quality unless an adequate pre-contract
selection of the subcontractor is established.

Hence, it is reckoned that maintaining a small number of subcontractors will
improve the built quality and productivity of the project (Ansari and Modarress
1990). Additionally, dealing with a small number of subcontractors facilitates the
solution of quality and delivery problems because main contractors can pay close
attention to each subcontractor (Burt 1989). Consequently, the main contractor would
then be able to monitor its CONQUAS management workflow better and more thor-
oughly to ensure that the excellent construction workmanship quality can be realised.
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4.3.2 Having a Rigorous Prequalification Process to Select
Subcontractors and Suppliers: SCM?2

Besides settling on fewer subcontractors and suppliers who can deliver increas-
ingly better quality, they should also be screened thoroughly (Barrier 1992). In
fact, during the tendering stage, main contractors should have sought quotations
from their approved list of subcontractors, and hence, award the appropriate sub-
contracts upon award of the main contract. This list of approved subcontractors is
constantly updated to integrate more partners to the company as they have dem-
onstrated both the means and the will to meet a high-quality standard during past
projects or due to referral from reliable sources. These subcontractors and sup-
pliers who have helped to attain good workmanship quality should then be docu-
mented for future reference while those with poor performance should be avoided
in future projects. Alternatively, new subcontractors can submit their quality quali-
fications for approval, especially their methods and measures which have been
successful in garnering a high CONQUAS score in their past projects. Other quali-
fications include their financial stability, details of their company training pro-
grammes as well as manufacturer or trade association endorsement to document
their capability for executing good workmanship quality results.

Levy (2009) believes that evaluating the subcontractor assigned to the project is
as important as the initial contractor evaluation process. Apart from meeting the tar-
geted CONQUAS score, subcontractors that enjoy good reputations for high quality
usually go way beyond the mandated methods spelled out in the contract documents.
They implement processes that also help them achieve a level of workmanship quality
beyond the minimum, resulting in less rework and ultimately more repeat business with
the main contractor and client (Rommel 1996). They will also have adequate labour,
equipment and other necessary resources to provide construction-related services of the
capacity and quality required for compliance with the CONQUAS standards.

Therefore, it is best if the subcontractor and supplier selection process prioritises
quality and delivery performance over price when selecting subcontractors and cer-
tifying suppliers for material quality (Trent and Monczka 1999). However, there are
situations where clients nominate subcontractors themselves, usually in the case of
specialist works or due to their lower tender sum in that trade, and hence, the main
contractor just have to award the subcontracts to them regardless of their workman-
ship standards and yet still be responsible for the quality of their work.

4.3.3 Ensuring the Skill Level of Labourers: SCM3

Besides having ISO certification which is a basic criterion as viewed by Din et
al. (2011), the subcontractors should also have a good record of employing capa-
ble and trained labourers to assure good workmanship performance. This can be
achieved by having active partnerships with regular suppliers and subcontractors
which will guarantee to a certain extent that the skilled labourers and quality mate-
rials are employed to carry out the construction works (Fewings 2005).
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4.3.4 Collaborative Efforts Between Subcontractors
and Main Contractor: SCM4

As important as it is to investigate the subcontracting selection process and ensure
the skill level of labourers, it is also necessary to improve methods for enhancing
collaborative efforts between subcontractors and main contractor (Eom et al. 2008).
Collaborative efforts can be built from a long-term working relationships, and this
will ensure that there is adequate commitment and attention received from the sub-
contractors to achieve the desired workmanship quality in the respective scope of
works. A number of researchers have found that improved subcontractor relations
enhance the performance of both subcontractors and main contractor, and this is
especially true when quality delivery is their priority (Shin et al. 2000); Fewings
(2005) also reiterated that it is much safer to work with a repeated company than a
new company as it has been known that their businesses are stable and workmanship
quality is dependable, respectable and reliable. It can also be ensured that suppli-
ers have adequate inventory, service personnel and distribution resources to deliver
the specified products in adequate quantities to service the project according to the
contract documents and the construction schedule. Therefore, managing supplier
relationships strategically is essential to the success of quality performance because
having such a partnership will necessitate a high level of commitment and obligation
to perform well so as to create opportunities for future collaboration (Ellram 1991).
Unfortunately, relationships between main contractors and subcontractors are
often strained and adversarial (Dainty et al. 2001). Increasing complexity, the
oversupply of specialist firms and declining construction output have all contrib-
uted to the current antagonistic atmosphere (Kumaraswamy and Matthews 2000).
Thus, many studies have suggested adopting a partnering philosophy to overcome
these difficulties including elements such as commitment, equity, common goals,
communication, trust, cooperation and continuous evaluation (Ogunlana 1991;
Ho et al. 2000). This is because not only can such collaboration greatly improve
CONQUAS performance, it can also directly benefit the entire construction chain
(Wood and Ellis 2005). Therefore, the subcontractor evaluation and management
processes must include factors that will enhance cooperative relationships, in par-
ticular, sharing mutual objectives, improving communication, participating in col-
laborative work and developing cooperative relationships (Eom et al. 2008).

4.3.5 Adequacy of Contract Period and Contract Sum: SCM5

It should also be noted that the period of construction set has to be adequate as
even reputable subcontractors will definitely have to compromise on the workman-
ship quality in order to meet an extremely tight construction schedule. This is to
avoid having to pay for liquidated damages, which is a significant concern of the
subcontractor firms who are usually financially constrained (Mincks and Johnston
2004). Similarly, the contract sum set for the project has to be realistic according
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to the requirements as an acceptable level of workmanship quality can only be met
with an adequate contract sum awarded. This is to ensure that there will be suf-
ficient funds available to purchase quality materials as well as employ a skilled
workforce to deal with the CONQUAS management workflow.

4.3.6 Identifying a Specific CONQUAS Score that
the Subcontractor is Liable for Achieving: SCM6

Thereafter, it is critical to impose workmanship quality standards as part of the
terms and conditions in the subcontracts to hold the subcontractors responsible for
meeting the CONQUAS requirements as well. The purpose of this is to hold each
subcontractor responsible for their respective scope of works and also safeguard
the interests of the subsequent subcontractors to ensure that their workmanship
should not be affected due to the poor quality performance by the previous trades.
This can be implemented monetarily in the two following factors.

4.3.7 Awarding Incentives to Subcontractors if Their Targeted
Score is Met: SCM7

An incentive can be awarded if the targeted CONQUAS score is met. However, the ini-
tial contract sum of this approach is usually lower so that subcontractors will be enticed
to earn the extra incentive by ensuring superior workmanship quality (Levy 2009).

4.3.8 Imposing a Penalty to Subcontractors if Their Targeted
Score is not Achieved: SCM$8

Another approach will be to award a higher contract sum to help subcontractors make
up for the extra cost required in ensuring workmanship quality but there will be dis-
incentives if the targeted CONQUAS score is not met which will push them to work
towards attaining good workmanship quality in order not to be penalised (Levy 2009).

4.3.9 Giving Clear Instructions to Subcontractors on
How to Adhere to the CONQUAS Requirements: SCM9

A research by Abu-Taiseh et al. (2009) identified that to improve quality and pro-
ductivity, the main contractor should provide clear instructions to the subcontrac-
tors on how to adhere to the CONQUAS requirements in their work processes,
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and this should be specified contractually. This also calls for the need for main
contractors to communicate with the subcontractors frequently, to notify them to
pay attention to areas prone to defects non-compliance and if necessary, allocate
more manpower to step up on the inspection frequency. This ensures that the sub-
contractors will do their best to complete the works on time, adhere to all con-
tract terms and conditions and as far as possible, keep to the best quality of work.
Communicating a clear strategy for improving quality to the subcontractors can
also be enhanced by instituting quality-based incentives and compensation proce-
dures as mentioned. Such efforts to improve will result in mutual growth, benefit-
ing both the main contractor and subcontractor (Eom et al. 2008), consequently,
leading to the achievement of a high CONQUAS score.

4.4 Schedule Management

The best schedule is not the schedule showing the project completed in the short-
est time period. It is the schedule that is able to meet the quality requirements of
the project based on the client’s expectations. However, it should be noted that
quality expectations must be realistic if time and cost objectives must also be met.
Schedules also serve as a communication tool among project participants to allow
them to identify potential problems early as well as coordinate various activities
efficiently. By establishing the start, duration and completion date of each activ-
ity, all stakeholders will know the schedule and whether the work of a particular
job can be accomplished in the context of all other work scheduled. Construction
projects involve many players and activities, resulting in the overlapping of
works. Hence, coordination is vital in order to ensure that work will be carried out
smoothly, and within the stated schedule for CONQUAS assessment to take place.
Here, four factors have been identified as critical which will allow quality perfor-
mance as everyone will then know the priority of who should do what, when and
where, ultimately enhancing their workmanship quality.

4.4.1 Prefixing of CONQUAS Sample Locations (Applicable
to Structural Components Only): SM1

As soon as the project is awarded, schedules are planned. However, schedulers
often disregard the need to schedule the construction process to coordinate with
CONQUAS assessment. With the exception of architectural and M&E works
which are assessed on a random basis, it is definitely beneficial if sample locations
for structural works are carefully planned. As structural works will eventually be
covered and cannot be seen on the final building product such as formwork, rebars
and finished concrete, CONQUAS assessment has to take place before the next
work activity in that component continues. Yet, this should not have any effect on
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the construction schedule. Therefore, prior arrangement is necessary to schedule
the assessment to take place as soon as the respective works are completed and
before the next trade of works begin.

Subsequently, the BCA assessors will pick 50 % of these planned structural
locations randomly on the day of assessment. This implies that measures can be
taken to ensure that the planned structural locations are completely compliant with
the workmanship standards before CONQUAS assessment. Measures can be taken
to prevent or correct the occurrence of any possible defects to perfect the structural
score component. This is especially important as such structural concealed work-
manship defects would not be discovered following an inspection of the building,
and hence, it is crucial that contractors aim to perfect the score of the structural
components so as to prevent latent defects from appearing years later.

This can be achieved by paying extra attention on the locations to be included
in the sample size so that the workmanship quality of the structural samples taken
can be guaranteed to be of high quality. Another strategy is to choose the sample
locations where new formwork will be used which the quality trends have shown
that there will be a higher chance of achieving full compliance. The QMU will then
have to keep an eye on these locations especially during the process of concrete cast-
ing. The QMU will also have to make sure that there is sufficient concrete from the
same batch of truck for each structural component to prevent settlement from occur-
ring. This is because the process of waiting for the next batch of concrete to arrive or
having slightly different concrete quality from different batches will affect the work-
manship quality of the finished concrete (Tattersall 1990).

In contrast, the contractor will have to be extremely rigorous in ensuring the
workmanship quality for architectural and M&E works as all locations constitute
the sample size, and it is entirely up to the BCA assessors to randomly select the
areas to be scored. Nonetheless, it is still important to employ TQM efforts for
every elements of the project, working hand in hand with the project team, clients
and labourers to put into action the quality culture as well as the execution of GIP
to the attainment of an overall high CONQUAS score.

4.4.2 Adequacy of Sample Locations Prepared in the Event of
Unforeseen Site Conditions to Serve as a Backup: SM2

Several factors can affect the workmanship quality of the schedule of sample loca-
tions planned. There may be change in orders and uncertainties due to discrepan-
cies between the actual site conditions and drawings (Jackson 2010). Unexpected
weather conditions will also affect the construction schedule and concerted efforts
to ensure the workmanship quality in these locations may become ineffective and
have to be eliminated from the sample size to remove any possibility of non-com-
pliance. Therefore, more sample locations have to be prepared as a backup to pre-
vent the postponement of construction schedule from affecting the workmanship
quality of the sample locations prepared.
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4.4.3 Arranging for Phased Construction to Reap Learning
Curve on Workmanship Quality: SM3

Commonly, phased construction is adopted as developers want to take over a cer-
tain part of the project first so that pre-sale can begin at the earliest possible time
for the completed phase. This will tie the buyers down as well as help to prevent or
mitigate any financial risks that the project will incur especially in the initial stage,
where there may be negative returns and inclination to failure due to uncertainties.
But what has been overlooked is that phased construction can reap the benefits of
a learning curve as most doubts would have been solved during the initial phase,
and hence, subsequent phases of construction would be able to meet or even sur-
pass the required workmanship quality easily (Bennett 2012).

Phased construction speeds up the learning curve effect on employees, thereby
enhancing quality and reducing costs due to decreased variety and increased vol-
ume (Tan 2001). The failure rate of having defects occurring also decreases and its
reliability increases (Ahire and Dreyfus 2000). To a certain extent, this is a preven-
tive approach to quality improvement by having stable production schedules and
work distribution (Saraph et al. 1989) to reduce construction variation, resulting
in increased output uniformity as well as reduced rework and waste because qual-
ity problems were identified and corrected immediately (Anderson et al. 1994).
Therefore, by taking steps to prevent the workmanship oversight made during the
early stage of construction, the attainment of high CONQUAS scores for the later
phases of construction would be easier.

4.4.4 Booking of Assessment Schedule to Tie in with Site
Progress: SM4

The timing of calling for BCA inspections is another critical point. This is because
wear and tear cannot be totally avoided and minor deterioration will still be
expected even with good workmanship quality (Keeble 2006). Therefore, before
any signs of deterioration start to appear, contractors should quickly arrange for
CONQUAS assessment to reduce the chances of any decline in workmanship
quality which is inevitable as time passes.

4.5 Material Management

Once the materials are selected and approved, it is important to determine the
right method and sequence of construction where selection of the appropriate
equipment is also required. This is because if any construction steps are missed
out or inefficient equipment is chosen, the effect on workmanship quality will be
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detrimental (Rounds and Segner 2010). As a result, even if high-quality materials
and a skilful workforce are employed for the works, a good CONQUAS score will
not be expected. Therefore, the contractors and subcontractors either have to seek
for the supplier’s help to determine the construction method or come out with their
own method statement based on their understanding and experience of executing
such construction works.

Basically, there are two types of deficiencies which arise as a result of non-
compliance to the choice of materials and methods of construction. Material defi-
ciencies result in defects that can occur when substandard materials are utilised
in the building. Construction deficiencies result in flaws that occur due to poor
quality workmanship during the actual construction process. Here, six material
management factors have been recognised as critical to the achievement of high
CONQUAS scores.

4.5.1 Choose Materials Through a Comparison Process,
Considering Their Specifications and Samples to be
Provided as Well: MM 1

The contractors are required to select and procure suitable construction materi-
als so that they can meet the contract specifications. Unless a specific brand and
model number is stated, a thorough study and analysis of the different material
properties as well as the reputation of its provider should be done to check for
its compatibility in the different zones of the building (Peurifoy et al. 2010). In
this quality check to verify the product’s quality performance, the contractor is
responsible for getting samples if possible and documenting specific data of all the
materials to ensure that they comply with the requirements set forth in the contract
documents. Then, they can be submitted for approval before they can start to order
the materials. In general, it is much better if at least an alternative set of data and
sample which has also been investigated for its high quality by the contractors are
also provided in the submittals for the architect or client to compare and verify the
quality level of the materials. This will enable them to choose the one that is more
appropriate to the achievement of the desired CONQUAS score.

Conscientious contractors and subcontractors will conduct this as part of their
QA plan which reinforces the importance of prequalifying subcontractors before
award of the subcontract (Thorpe et al. 1996). More often than not, contractors
simply seek for the architect’s or client’s approval and pass on the responsibility
of quality confirmation to them with minimal information collected which may
be hard for them to do a proper quality evaluation (Thorpe and Sumner 2004).
Consequently, the resulting degree of the product’s workmanship quality upon
construction may be far-fetched from the original submittals and have to be recon-
structed in order to attain the targeted CONQUAS score. Hence, it is important
that materials are methodically chosen so as to avoid using poor quality materials
which have an impact on the final workmanship quality of the built product.
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4.5.2 Select Materials Which can be Better Managed During
Construction: MM?2

In addition, the use of factory-made products where possible such as precast concrete
or prefabricated components and less cluttered materials such as pre-pack mortar
is encouraged as the quality of the end product can be better controlled under fac-
tory production conditions which assures a higher number of compliance with the
CONQUAS standards. Furthermore, precast components have better quality surface
finish with faster construction speed and that one structural bonus point under the
CONQUAS eighth edition will be awarded if precast elements are supplied by an
accredited precaster. One architectural bonus point will also be awarded for the use of
prefabricated bathroom (at least 65 % of the toilets) as it ensures tile joint consistency
and has less lippage or unevenness to make sure that there is consistent and quality
workmanship. In addition, up to one architectural point will be awarded for selecting
drywall partitions as it is easy to install, allowing neat concealment of services, light-
weight and strong; using precast or system formwork or cladding facade as it does
not require scaffolding and avoids any wet trades. Next, the use of rectified tiles will
ensure better dimensional and tonal consistency, as well as better joint consistency.
All these will result in better quality outcome and enhancing productivity too.

Inevitably, there are still many elements which have to be installed by hand
and, hence, having a skilful workforce or employing the appropriate technology
to do so will also ensure higher workmanship quality and increase productiv-
ity. Further, mentioned that material selection and usage issue can be addressed
through careful drafting of contract with the subcontractors, wherein raw mate-
rial specifications were covered in detail along with the sampling plan and method
statement. Subcontractors can also be guided to select their suppliers so as to
ensure conformance to contract conditions. Lastly, information available in respect
of the pool of adequate suppliers can be shared with the subcontractors to assure
the workmanship quality standards of the material selected.

4.5.3 Inspect Materials Upon Delivery: MM3

First, it is noted that the production of quality building is necessarily dependent on
the timely deliveries of quality materials, so that the materials supplied can meet the
owner’s specifications and standards for quality (Grieco and Gozzo 1985). Once the
materials are delivered in a timely manner, its condition has to be properly checked
for any damages which may compromise on the constructed workmanship quality.
If the materials are not as specified and approved, they should be rejected on the
spot and sent back to the supplier. For example, a moisture content check should
be done on the material such that it is within 10-14 % for air-conditioned build-
ings and 14-15 % for non air-conditioned buildings. Flooring dimensions should
also be checked such that the width and thickness are within £0.75 and £0.4 mm,
respectively. Most importantly, they should be defects free and should be wrapped
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in original packaging condition with seals and labels intact. Therefore, it is certainly
critical to conduct an inspection on the materials once they are delivered to site to
check whether the quality standards are complied with.

4.5.4 Proper Materials Handling and Storage: MM4

Proper protection during storage is often ignored, and this is also one of the sources
for the lack of conformance to the CONQUAS requirements (BCA 2005). There
should not be any transportation, loading and unloading in the rain and materi-
als should be directed to area of installation immediately. Storage area should be
enclosed, clean and dry, with good air circulation and for some materials, need to be
stacked on pallets, not more than a certain safe height, to prevent dampness or if kiln
dried, remove packaging only before installation or if air dried, minimum two weeks
acclimatisation on site (BCA 2010). This is to prevent any contamination by storing
materials off ground. As such, all these examples showed the importance of proper
material handling and storage so as to prevent the workmanship quality of materials
from deteriorating and affecting the CONQUAS score.

4.5.5 Protection of Materials After Completion of that Portion
of Works: MM5

Similarly, upon completion of certain works, adequate protection of that portion of
the works is required before completion of the entire project to prevent the construc-
tion of other trades from affecting the workmanship quality of the completed trades.
For example, there should be no traffic for a certain number of days after completion
of certain portion of works, and only light foot traffic is allowed after that to protect
the freshly laid material against stepping. Proper barricade should also be set up dur-
ing the curing of waterproofing membrane to ensure that there is adequate protection
so that the waterproofing membrane will not be damaged, contaminated or disturbed.
Such measures serve to ensure that the works of the labourers on site will not cause
any defects or deterioration to the components which are already constructed.

4.5.6 Sample Testing of Materials Through an Independent
Testing Agency (ITA) to Check for Proper Usage of
Materials: MM6

Qualified independent agencies will have to be employed to conduct testing and inspec-
tion procedures in the field while work is in progress as required by the CONQUAS
standard. Sometimes, samples are collected on-site and taken back to be tested in
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special laboratories. The products and installations that do not meet the test standards
specified must be removed and re-done according to the recommendations of the test
report, thus establishing the workmanship quality by actual measurements besides just
conducting visible inspections. At the same time, it should be noted that defects rising
from destructive testing procedures will have to be repaired. Hence, it is also important
to coordinate testing procedures with other construction activities to minimise disrup-
tion to the work. In this way, the testing standards serve as a quality measurement tool
to help contractors in maintaining their level of workmanship quality.

4.6 Construction Management

Construction management is also a CSF to secure a high CONQUAS score.
The bulk of construction happens on site, and hence, site works are effectively
the direct factors which account for the quality performance of the end product
(Mincks and Johnston 2004). The challenge is to make sure that there is quality
management of the entire construction process so that workmanship quality can be
maintained. Hence, seven construction management factors have been identified as
critical to the achievement of high CONQUAS scores.

4.6.1 Ensuring that Shop Drawings are Checked Thoroughly
Before Actual Construction: CM1

Generally, shop drawings will showcase the materials selected and method state-
ment which includes the steps proposed for construction. An example of items
to be included in a flooring method statement is shown in Table 4.2. Shop draw-
ings indicate dimensions, materials, finishes and details associated with their
installation to ensure that fabrication will be accurate as what has been specified.
Moreover, shop drawings have to be approved and certified by a design profes-
sional to ascertain that the products and systems are in compliance with the quality
standards of the contract documents. This is an important procedure as an error in
the fabrication, especially long lead time items, can put the workmanship quality
in jeopardy as contractors will then have to neglect on the quality aspect in order
to meet the construction deadline (Emmitt and Gorse 2010).

Moreover, the design of certain items has to be practical to ensure that owners
are able to take care of the area with an acceptable level of effort. One example is
if the flooring outside the toilet is made of timber, wider stepping piece should be
designed to prevent water staining on the timber flooring. Another example is that
shop drawings should also be checked to ensure that M&E protrusion are capped
in order to hide untidy joints, a sign of poor workmanship quality. The specifi-
cation of epoxy grouting in the floor plan drawing is also essential to ascertain
that grouting will be used for tiles to be jointed smoothly, creating better aesthet-
ics appearance and enhancing workmanship quality as well. Therefore, a rigorous
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Table 4.2 Items in flooring method statement

No. Items in flooring method statement

Flooring system

Method of installation

Type of adhesives

Type of finishing coat

Provision for movement (sufficient expansion gap and/or staggered joints)
Surface preparation

Preparation and laying of screed
Preparation and laying of sub-base
Laying flooring

Sanding

Applying finishing coats

Process of skirting installation

O 0 1 O\ AW~
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[\

Source BCA (2012)

shop drawing submittal check is as critical as the pre-selection of construction
materials before actual construction to pre-evaluate the resultant quality level and
ascertain the success of a high CONQUAS score.

4.6.2 Constructing Mock-Ups to Check for Implications with
Other Trades of Works: CM2

A clearer illustration is actually to construct site mock-ups to determine the impli-
cations of the proposed construction method and suitability of materials with
other trades. Mock-ups require the contractor to build small models utilising the
approved materials, either on site or in the factory. In a mock-up, specific nuances
such as colours, shades, tones, patterns and textures of an installation can be better
observed and inspected rather than just by referring to paper documents (Jackson
2010). In addition, the mock-ups will have to be evaluated to ensure its compli-
ance and understanding of the workmanship quality with each manufacturer’s
requirements after assembling it with other materials. On top of that, these repre-
sentative assemblies will have to be acceptable by standards indicated in the con-
tract documents as well as approved by the client.

However, mock-ups are not practical for every installation and contractors tend
to do this only if they are specified in the contract documents (Meier and Wyatt
2008). But, it should be noted that mock-ups are extremely useful when the expec-
tation for quality cannot be easily conveyed in the specifications. As reinforced by
Kudder and Erdly (1998), one important CSF to confirm the quality expectation is
to construct a mock-up as it would demonstrate an installation as similar as pos-
sible to the actual installation to foresee any construction difficulties. Contractors
would then be able to determine the best method of construction which would not
impact on the workmanship quality of the constructed product.
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4.6.3 Field Demonstration by Labourers to Showcase Their

Understanding of the Workmanship Quality Required:
CM3

During the actual building construction phase, the workmanship quality of the
labourers should be further inspected by requesting them to conduct field demon-
stration on a small portion of work first before constructing the rest. This is to pre-
pare them for coordination with other subcontractors and communication between
different trades to show the importance of following the construction sequence,
having wet or dirty trade completed before dry trades begin to ensure workman-
ship quality (Tattersall 1990). Conducting field demonstration will also show the
interrelationships of materials and critical construction processes to establish the
quality standard by which the works will be evaluated.

Besides the assurance of having a skilled workforce from the subcontractors,
this is an additional quality procedure which will ensure that the approved method
of construction is actually employed successfully. They will be under the watchful
eyes of the main contractor to make sure that their workmanship truly shows that
they understand the CONQUAS standard required which will also help to secure a
higher CONQUAS score.

4.6.4 Conducting Preparatory Inspection Using Template
Checklist at Every Stage of Work Activity: CM4

The purpose of preparatory inspection is to discover patent defects by the reason-
able exercise of due diligence at each step of the installation to avoid any errors
and reworks that can disrupt the construction workmanship quality (Jackson
2010). Preparatory inspection has to be designed to check progress and make sure
that everything is ready at every stage of construction. This inspection process
is very different from inspecting the entire installation only but rather, a small
area of installation would be pre-inspected, noting any deficiencies or variations
from the specified quality indicated in the specifications. Photographs can also
be taken as proof of defects compliance or non-compliance. This will ensure a
high standard of workmanship quality and measures to preclude such recurrence
should be employed (Ramsey 1984). This will also ensure higher chances of
achieving superior CONQUAS scores as adjustments and corrections would have
to be made to the satisfaction of the contract requirements before proceeding with
the full installation process. However, not all contractors conduct preparatory
inspections (Jackson 2010), but the findings suggest that they should because it
costs a lot less to correct an error or defect early in the work sequence than it
does after the system is completed (Rommel 1996). Examples of such template
checklists can be referenced from what the BCA assessors are checking on as
shown in Tables 4.3 and 4.4.
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Overall, the concept behind preparatory inspection is to inspect the work as it
progresses, instead of waiting until it is completed, only to find that the quality is
unacceptable. This preparatory inspection accomplishes two goals: first, the sub-
contractor is now well aware of the quality standard expected, and therefore, the
end result should meet the expected quality (Saarinen and Hobel 1990); second,
the cost to correct the deficiencies can be kept to a minimum (Rommel 1996).
Inspection is thus the most direct way to effectively manage workmanship qual-
ity on those doing the work. This can be done by making use of specially tailored
quality inspection checklists for every trades of each project. Drawing up check-
ing procedures to prepare for CONQUAS assessment will highlight possible site
problems that may affect workmanship quality (Hernandez and Aspinwall 2008).
These checklists will be used for inspection when materials are delivered to site as
well as throughout the whole construction process to verify the quality standards.

Unfortunately, there are many projects whose pace is so fast and furious that
the project team may only conduct final inspection, let alone these preparatory
ones (Jackson 2010). The idea behind preparatory inspection as a CSF is to catch
everything that does not comply with the workmanship standards before the next
subcontractor takes over. This is not only the responsibility of the entire project
team but also the client and those in the field to enforce and execute the quality
inspection task to the attainment of high CONQUAS scores.

4.6.5 Using Recognised Testing Standards to Check for Non-
compliance During Inspection: CM5

There are a number of quality standards associated with the testing and manufac-
ture of various products which must be met by the materials and equipment used
in the project as spelled out in the contract specifications (Meier and Wyatt 2008).
In Singapore, the commonly used standards are the British Standards or Singapore
Standards, and contractors have to follow these specified criteria in order to
achieve quality standards. Products have to meet the standards of these certifica-
tions to ensure they are in compliance and able to achieve the minimum quality
standards. Otherwise, they will have to be removed and replaced to the satisfaction
of the client and in the hope of achieving high CONQUAS scores as well.

4.6.6 Cross-Checking by Another Party: CM6

The industry have voiced that some companies require the project manager to cross-
inspect and evaluate another project’s site conditions of their company on a monthly
basis to further detect any non-compliance to increase the chances of achieving a
higher CONQUAS score during the actual BCA CONQUAS assessment exercise.
Cross-checking by another party such as another supervisor, subcontractor, client or
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the architect will be more effective than checking done by someone who has been
working on the project as areas of non-compliance are more visible to the eyes of a
third party, who will be able to identify defects impartially.

To further increase the possibility of achieving high CONQUAS scores, sub-
contractors, foremen and labourers should also report any quality issues to the
main contractor at any point in time instead of relying solely on the inspection
process. The problems identified would then be notified to the appropriate parties
to get the problems fixed, thus enhancing the workmanship quality further.

4.6.7 Adherence to Reporting and Follow-Up Procedure of
Defects Before CONQUAS Assessment: CM7

In the event where non-conforming work is discovered, it should be duly reported,
and follow-up procedures should be executed until it meets the stipulated qual-
ity requirements (Coffey et al. 2011). This is essential as part of construction pro-
gress monitoring and process reporting to check for compliance with the quality
standards. Defects will then have to be corrected and prepared for retesting again
to ensure that the required workmanship quality standard is reached before actual
CONQUAS assessment. For example, during the internal water ponding test, if
any leakage is detected, remedial actions should first be taken before the re-pond-
ing test is conducted by the BCA assessors.

However, such quality reporting and procedures involve reworks, warranty
costs and control charts to identify quality problems and provide information on
areas of possible improvement (Lockamy 1998). Hence, to minimise such costs of
poor quality, follow-up procedures should be immediate so that corrective actions
can be taken before defective products are produced (Flynn et al. 1995; Ho 1999).
Therefore, the target of reaching a high CONQUAS score can be achieved as
defects’ non-compliance is eliminated before the actual CONQUAS assessments
are conducted by the BCA assessors.

4.7 Summary of Critical Success Factors

Above all, as the quality benchmark is constantly increasing every year, contrac-
tors must also strive to do better and work hard to improve their quality man-
agement practices and endeavour to achieve a higher CONQUAS score and not
just the minimum requirements. Otherwise, they will still be unable to meet the
minimum CONQUAS requirements with the continuous development in the
CONQUAS system. With all these 33 CSFs in place, the route to the achievement
of the CONQUAS standards will be sufficient or even more than enough to realise
the goal of attaining a high CONQUAS score. Table 4.5 summarises the 33 CSFs
identified in the study.
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Table 4.5 Critical success factors for achieving high CONQUAS scores

CSFs Human Resource Management

HRMI Formation of QMU

HRM2 Commitment of top management

HRM3 Supportive and cooperative employees

HRM4 Training employees

HRMS5 Supervision by client or architect

HRM6 Learning from past experiences

HRM7 Benchmarking

CSFs Subcontract Management

SCM1 Control number of subcontractors

SCM2 Rigorous pre-qualification process

SCM3 Skill level of labourers

SCM4 Collaborative efforts between subcontractors and main contractor
SCM5 Adequacy of contract period and contract sum

SCM6 Subcontractor liable for achieving a specific CONQUAS score
SCM7 Award incentives

SCM8 Impose penalty

SCM9 Specify clear instructions

CSFs Schedule Management

SM1 Prefix sample locations

SM2 Adequacy of samples

SM3 Arrange for phased construction

SM4 Plan to book CONQUAS assessment to tie in with site schedule progress
CSFs Material Management

MM1 Comprehensive materials selection process

MM2 Select materials which can be better managed during construction
MM3 Inspect materials upon delivery

MM4 Proper materials handling and storage

MMS5 Protection of constructed components

MM6 Sample testing through Independent Testing Agency (ITA)
CSFs Construction Management

CM1 Review of shop drawings

CM2 Construct mock-ups

CM3 Field demonstration

CM4 Preparatory inspection

CM5 Reference to recognised standards

CM6 Cross-checking

CM7 Follow-up defects reported

To sum up, it is observed that the 33 CSFs are the planning inputs required
before actual construction begins. These are the basic and necessary components
in carrying out a construction process, and the output of the process will be excel-
lent workmanship quality for the achievement of high CONQUAS scores. Even
so, it should be noted that during the construction process, additional quality man-
agement steps are still required to enhance the probability of reducing any form of
non-compliance. It is also noted that some of the factors may be further classified
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Fig. 4.3 How the 33 CSFs serve to achieve better CONQUAS scores
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into intrinsic and extrinsic factors. Intrinsic factors are those CSFs which originate
from the contractor’s firm itself without any influence by extrinsic factors which
emanate from other players of the project as well as due to factors which are
not within the control of the main contractor. All that said, a conceptualised
CONQUAS management framework is developed as shown in Fig. 4.3, which
illustrates how the 33 CSFs serve to achieve high CONQUAS scores.

With that, this research is of the view that there are certain CSFs which are
even more critical than others, and they have room for greater improvement which
will help to enhance the CONQUAS score. Therefore, the next chapter will show-
case the research methodology undertaken which attempts to further validate
and differentiate among these CSFs—those that only help to achieve the neces-
sary CONQUAS standards and those that are significant in realising the goal of a
high CONQUAS score. Thereafter, this conceptualised framework will be further
detailed in Chap. 8.
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Chapter 5
Research Design and Methodology

5.1 Overview of Research Process

Based on empirical findings conducted by others in the extensive literature review
as well as logical deductions, because achieving “high” CONQUAS score is not
an obligatory rule and since it is hard to realise too, few contractors do their best
to meet this higher target. Most of them appear to simply do what is needed to
meet the minimum quality requirements as dictated by regulations (Low and Omar
1997). Hence, the research process will now turn to do a study on all the 33 CSFs
using a three-tier field investigation strategy.

In the first stage, survey would be conducted mainly to sieve out which CSFs
are the “Basic Attributes” and which are the “Features”. Basic attributes are the
fundamental factors (OECD 2002) which are necessary to achieve the minimum
CONQUAS standards, whereas features are the additional factors that are good to
have (Riebisch 2004) so as to aid in enhancing the CONQUAS scores. Contractors
who already have the “Basic Attributes” in place can then know which “Features”
to prioritise on and apply in their CONQUAS management workflow so as to per-
fect their workmanship quality. The effectiveness of this approach which was used
by many researchers such as (Walker and Chau 1999), Wang et al. (2003) and many
others has convinced this research to adopt a similar tactic. This is because many of
the 33 CSFs cover qualitative items such as management efforts for which hard per-
formance data are not available.

Following that, interviews would be carried out with industry professionals to ascer-
tain the findings of the survey. Both the survey and interview also serve to validate the
seven sets of research hypotheses set out in Chap. 1.

Lastly, a real-life case study would be examined to further support the
responses received from the survey and interviews by investigating a contractor’s
firm whose CONQUAS scores have improved tremendously over the years to find
out the change in attitude and practices, as well as the reasons and motivation for
doing so which contributed to such a great improvement in their workmanship
quality standard.

S. P. Low and J. Ong, Project Quality Management, DOI: 10.1007/978-981-287-074-2_5, 69
© Springer Science+Business Media Singapore 2014
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Overall, with this three-tier research methodology, this research would then be
able to justify the proposed CONQUAS management framework in helping con-
tractors to strategise their focus area to achieving high CONQUAS scores.

5.2 Survey Design

The purpose of this survey is to distinguish the importance level and extent of
adoption of the 33 CSFs in influencing and affecting the CONQUAS scores. It
is deemed that the best approach would be to garner the perceptions of contrac-
tor’s firms who are required to abide by the CONQUAS standards as well as pur-
sue quality excellence to gain recognition from the industry. Survey was chosen
because it is good for generating quantitative data Zillmer et al. (1990) and ena-
bling a statistical analysis to pick out the two groups of CSFs.

First, a pilot survey was conducted mainly to gather feedbacks and comments
to the structure of the questions with respondents recognising the objective of each
question. This is to enhance the accuracy of the survey, having questions that are
correctly designed to serve their intended purposes. This serves to ensure a better
understanding of the factors in the survey and decrease the chance of misinterpre-
tation. Following the pilot study, the survey questions were revised and ready for
a full-scale survey to be conducted. Blank space was available for respondents to
provide their comments and/or suggest their own factors which were not covered
in the question.

5.2.1 Type of Respondents

First and foremost, respondents have to be well versed in the CONQUAS stand-
ards and have the experience in managing CONQUAS building projects. Hence,
the project manager, quality manager, engineer or any other relevant personnel
who are equipped with CONQUAS knowledge would be the targeted respondents
for this survey. This ensures that the sample group will consist of a good mix of
different types of professionals and practitioners in the building industry, making
it a multidisciplinary combination for this survey to yield a representative result.
They would be able to provide insights into the 33 CSFs identified and make a
stand in determining the importance of each factor in meeting a high CONQUAS
score as well as whether the factors were actually being implemented in practice.
Correspondences were sent via email to all 62 A1, 24 A2, 28 B1 and 5 B2 gen-
eral building contractors who have undertaken at least one CONQUAS project
to seek their participation in this survey. The classification of the various finan-
cial grades is explained in Table 5.1. This sample population was chosen as only
these four categories of contractors must be ISO 9001:2008 accredited, which
means that they have an adequate knowledge on having a QMS in place which
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will wincrease the accuracy of the information gathered. Also, research findings
have shown that ISO 9001 certification provides a stepping stone towards quality
management practices (Quazi and Padibjo 1998).

Although it is considered beneficial to have a greater sample size and at least
30 respondents, it is more important that the company elects a suitable respondent
who is experienced in the scope of the survey. Additionally, in order to minimise
the possibility of biased responses in the survey due to the different financial scale
of firms the respondents belong to, this research aims to get at least 30 % (aver-
age response rate) of responses from each of these four groups (Al, A2, B1 and
B2 main contractors). This is to ensure a well-balanced mix of respondents. As a
result, the entire duration of the survey took about three months, from September
2012 to November 2012 to obtain the required sample size.

5.2.2 Survey Questions

To obtain a clearer picture of the intention of the survey, the survey questionnaire
which is divided into three sections will be discussed in further details. A sample
of the survey questionnaire is found in Appendix A.

In the first section, the objective is to find out the demographic profile of
the respondent and background of his or her company with regard to managing
CONQUAS projects. This information would be useful to explain the data
collected.

As the literature review has already established the need for the existence of all
33 CSFs, they are automatically deemed to at least qualify as “Basic Attributes”.
Hence, the second section of this survey questionnaire used a Likert scale of 1-5
to rate the importance level of all the 33 CSFs in influencing the achievement of
high CONQUAS scores. A mean rating for each of the CSFs would then be tabu-
lated and refined such that those with a mean score of 4.00 and above are to be
shifted to the “Features” group, considering that the value 4 in the 5-point Likert
scale implies that the factor is important, a reference point used by Lu et al. (2008)
as well.

Unlike the above section which is relatively subjective, the third section of the
survey questionnaire is more straightforward and objective to reduce any chances
of biased data. This question aids in assessing how the adoption of a particular
CSF affects the CONQUAS score quantitatively. Basically, this is a “Yes” or “No”
question, whereby respondents were asked to indicate those CSFs which they
implement in most of their CONQUAS projects and those who answered “Yes”
will be given a value 1 and “No” answers will have a value of 0. The factors which
have a relatively low usage mean rating, below 0.5, and are in the “Features”
group, imply that contractors would probably have to work harder on these areas
so as to improve their workmanship quality and achieve higher CONQUAS scores.

Overall, the three-part structure of the survey questionnaire would enable an in-
depth analysis of the 33 CSFs identified in Chap. 4.
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5.2.3 Methodology for Survey Analysis

Data collected from the survey were analysed using IBM Statistical Package for
Social Science (SPSS) version 21 as well as using charts and graphs from the
Microsoft Office to illustrate and compare data. Descriptive statistics, including
the mean ratings, percentages and standard deviations, were also computed. This
forms the basis for the subsequent inferential quantitative data analysis and allows
for greater understanding of the data trends.

Next, a series of parametric t tests was employed to justify the assumption that
samples collected are representative of the population. This would ensure accuracy of
the respondents’ perceptions of the CSFs and allows generalisation to be made. The
one-sample t test was used to examine the statistical significance of the mean impor-
tance ratings of the CSFs as well as the mean usage level of the CSFs. The coefficient
of determination (R?) was also examined to check whether there is any possibility that
the degree of usage of the CSFs is influenced by its importance level and vice versa.

The Pearson’s correlation analysis was then undertaken to study the correlations
between each CSF variable and every other CSF variables to aid in validating the pro-
posed CONQUAS management framework by establishing the links and relationships
between the CSFs. The Pearson’s correlation coefficient was chosen as it is appropri-
ate for measurements that have an interval scale which are meaningful. Correlation
summarises the strength of relationship between two variables, but it is important to
remember that correlation is not causation. For this study, a positive correlation is one
in which the ratings of both variables increase together and a negative correlation is
one in which the ratings of one variable increase as the other variable decrease. A per-
fect correlation of exactly 41 or —1 will arise if the relationship between the two vari-
ables is exactly linear. If the correlation is 0, there is no linear relationship between the
two variables and they are said to have no correlation; they are completely random.

Based on the literature review, a key research problem identified is the lack of
quantification in determining the exact increase or decrease in CONQUAS scores
with the application of each and every CSF. As the implementation of all CSFs
may require more time, cost and manpower, it may not be worthwhile to do so just
to achieve high CONQUAS scores. Hence, it is essential that an adequate method-
ology be set up via a linear regression technique to determine the extent of impact
of the CSFs on the CONQUAS scores, how does the addition of a certain predic-
tor (CSFs) improve the outcome (average CONQUAS score obtained in the recent
three years) as measured by the increased in R?. This is important to know so that
contractors would be able to know the estimated CONQUAS score when they
select only some CSFs to implement.

Therefore, multiple linear regressions were subsequently conducted as an ana-
Iytical method to derive the relationship, strength and variability between the pre-
dictor (CSFs) and outcome variables (average CONQUAS score obtained in the
recent 3 years). To use this regression technique, it is assumed that variables are
normally distributed. Model equations would be presented and utilised as a refer-
ence for the proposed CONQUAS management framework.
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Lastly, as the literature findings revealed that the financial capability of the con-
tractors may have an influence over the degree of importance and usage level of
the CSFs, independent t tests were also conducted to determine the validity of this
proposition.

5.3 Interview Design

To enhance the validity of the quantitative results, qualitative research through
interviews with three experts in the Singapore’s building industry was carried
out to investigate the results of the survey and also uncover relevant indicators,
if any, that have been left out from the CSFs identified previously from the litera-
ture review. The objective of the three face-to-face interviews is to probe specific
but dynamic questions that the quantitative survey is unable to address, to allow
an understanding of how professionals perceived the 33 CSFs identified via open-
ended questions rather than the 5-point Likert scale method and “Yes” or “No”
questions employed in the survey questionnaire.

5.3.1 Interviewee’s Profile

The experts were selected based on the type of organisation they belong to and their
role in the company in managing CONQUAS to gather various opinions on the sur-
vey results as well as their approach to managing CONQUAS as shown in Table 5.2.
The profile of the interviewees is also depicted to make known their background
in the building industry, in particular their dealings with CONQUAS management.
They were encouraged to give honest responses and not what the interviewer wants
to hear to ensure a reliable qualitative data on the examination of the 33 CSFs. They
were interviewed between November 2012 and December 2012.

5.3.2 Interview Questions

Based on the findings of the survey, the interview questions were drafted accord-
ing to the survey responses of the contractors to garner more inferences and expla-
nations. Particular attention was paid to responses that were contradictory to the
literature review to provide insights into the inconsistent responses. Some ques-
tions may vary between the experts, depending on their company and individual
profile as well as their role in managing CONQUAS to enable an in-depth under-
standing of their views on the 33 CSFs identified. The interview transcript for each
of the three experts can be found in Appendices B, C and D, respectively. Findings
from this interview would be used to explain the results of the survey in Chap. 6.
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Table 5.2 Details of interviewee

5 Research Design and Methodology

Interviewee Type

Background

Mr. A Contractor’s firm with good
CONQUAS score track records

Ms. B Contractor’s firm with poor
CONQUAS score track records

Mr. C Quality practitioner

Mr. A graduated with a BSc (construction

management) degree and is currently
based in the firm’s headquarter as a qual-
ity assurance manager. He is in charge of
quality and productivity management for
CONQUAS and ISO certification, build-
ability and constructability issues and to
score well in BDAS. He is also responsi-
ble for implementing quality policies and
overseeing organisational excellence at
all site offices

Ms. B graduated with a BE (civil engineer-

ing) degree and is now a structural
engineer. She is currently working on a
redevelopment commercial project which
is scheduled for CONQUAS assessment.
Once this project is completed, she has
been earmarked for another redevelop-
ment commercial project slated for
CONQUAS assessment as well. Besides
handling structural engineering issues,
her role also entails schedule manage-
ment and supervising workmanship
quality on site for all trades as well as
arranging for CONQUAS inspection

Mr. C has been a quality practitioner for

about 15 years and is well equipped with
the quality and certification knowledge.
He has also been involved in the develop-
ment of CONQUAS over the years. In
addition, he is also familiar with the
approach that some firms undertake to
managing CONQUAS

5.4 Case Study Design

The third stage of the research process is to understand a real-life phenomenon,
using case study as a methodology to do a pre—post case study inquiry to exam-
ine a company (referred to as Company Z) at two points in time, that is, the
period before and after the tremendous improvement in CONQUAS scores. This
serves to further justify the usefulness of the 33 CSFs in helping to enhance the
CONQUAS scores. Furthermore, the regression model identified in the survey
analysis was used as a template to compare with the empirical results of the case
study. If it is shown to support the same proposition, replication of this regression
model may be claimed through this analytical generalisation. In this case study,
besides getting an oral account from an experienced personnel who has undergone
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this transition phase, hard-copy evidence of documents was also referenced. This
shows the research’s attempt at trying to ensure that this case study is of suffi-
cient rigour with multiple sources of evidence to back up claims for explanation
to ensure that subjective judgements were not used to collect the data. A complete
analysis of this case study is described in Chap. 7.
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Chapter 6
Results and Analysis

6.1 Overview of Research Analysis

A summary of the overall analysis process is provided to give an overview of the
steps taken in this research to analyse the findings obtained as shown in Table 6.1.

6.2 Survey Response Rate and Demographics

Out of 119 survey questionnaires sent out, a total of 38 valid responses were
received, giving a survey completion response rate of 32 %. The designation
profile of the respondents is shown in Table 6.2. The mean number of years the
respondents have spent in the industry is 11; the most experienced respondent
spent 35 years in the industry even before CONQUAS was implemented, while the
least number of years spent is 2.

To substantiate the validity of the responses received, it has been cross-veri-
fied that the sample responses received have undertaken a sizeable number of
CONQUAS projects as compared to the sample population on average as shown
in Fig. 6.1. It is also noted that the sample respondents’ average CONQUAS score
is slightly higher than the sample population except for B2 contractors as shown in
Fig. 6.2.

6.3 Importance Level of the Critical Success Factors

The second section of the survey employs a 5-point Likert scale which aims to
highlight the industry’s perception of the importance level of each of the 33 CSFs
and answer the research hypothesis 1 set out in Chap. 1 that there have to be cer-
tain “Features” which are more important than “Basic Attributes” in the attainment
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Table 6.1 Overall structure of research analysis process

Type

Purpose of analysis process

Descriptive
statistics
(survey)

Inferential
statistics
(survey)

Qualitative
evidence
(interviews)

Descriptive and
exploratory
(case study)

Mean rating To verify the importance level as well as the extent of adoption
of the CSFs based on the results obtained

Hypothesis 1 To show that there exist certain elements (features) that are more
critical than the rest (basic attributes), having a greater influence on the
CONQUAS scores which should be taken note of

Hypothesis 2 To show that the different extent of adoption of the CSFs in
the CONQUAS management workflow leads to the varying range of
CONQUAS scores obtained

Hypothesis 3 To show that there is no correlation between the importance
level and extent of adoption of the CSFs through the coefficient of deter-
mination test

Hypothesis 4 To show that there is correlation among the importance level of
the CSFs

Hypothesis 5 To show that there is correlation among the extent of adoption
of the CSFs

Multiple Linear Regression Model To determine the predicted CONQUAS
score based on the CSFs implemented

Hypothesis 6 To show that there is no distinction in the responses received
from contractors of different building financial grades with regard to the
importance level of the CSFs

Hypothesis 7 To show that there is no distinction in the responses received
from contractors of different building financial grades with regard to the
extent of adoption of the CSFs

In the process of explaining the results of the descriptive and inferential
statistics, findings from the three interviews conducted would be used to
support the survey data analysis

Using a real-life example, an account of a contractor’s firm transition process,
from the period when CONQUAS scores were low to the period when
CONQUAS scores were comparatively higher, would be provided as well
as used to validate the survey results and interview findings

Table 6.2 Designation
profile of respondents

Designation Frequency count Percentage (%)
Project Manager 11 29

Technical Manager 12 32

Quality Assurance Manager 10 26

Others 5 13

Total 38 100

of high CONQUAS scores. The results obtained are shown in Table 6.3 and ranked
in descending order based on the importance mean ratings.
From Table 6.3, one can infer from the mean scores that most respondents per-

ceive “commitment of top management to advance the CONQUAS manage-
ment performance (HRM?2)”, “getting the support and cooperation of employees
(HRM3)” and ““identifying a specific CONQUAS score that the subcontractor is lia-
ble for achieving (SCM6)” as the top three most important factors in influencing the
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Fig. 6.2 Average CONQUAS scores obtained by the different financial categories of contrac-
tors. Source BCA (2012)

CONQUAS score. These three factors seem to suggest that dedication from all the
various stakeholders in the project is essential, namely the main contractor’s top man-
agement and employees as well as the subcontractors and labourers. This is because
in the quality management effort, all members of an organisation should participate
in improving the processes, services and culture in which they work (Wang 1998).
The importance of top management commitment is also seen in ISO 9001
where it is a requirement under Clause 5. Besides that, the top management
needs the support of their employees to be involved in implementation and main-
tenance of the CONQUAS management framework (Leonard and Sasser 1982).
This is because if commitment is not evident to and from the employees, then the
CONQUAS management framework can never be truly implemented throughout
the organisation. Employees at all levels of an organisation will not be committed
to a framework that is not driven, supported and believed in by upper management
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Table 6.3 Importance level of the 33 CSFs

Critical Importance Standard Significance
Rank success factors mean rating deviation t value (two-tailed)
1 HRM 2 4.9412 0.23883 47.393 0.000
2 HRM 3 4.7647 0.43056 23.899 0.000
3 SCM 6 4.7059 0.46250 21.507 0.000
4 SCM 9 4.6471 0.59708 16.085 0.000
5 HRM 1 4.5882 0.60891 15.209 0.000
6 HRM 7 4.5882 0.60891 15.209 0.000
7 SCM 3 4.5882 0.60891 15.209 0.000
8 MM 5 4.5882 0.60891 15.209 0.000
9 SCM 4 4.5882 0.70141 13.203 0.000
10 HRM 4 4.4706 0.61473 13.949 0.000
11 HRM 6 4.4706 0.61473 13.949 0.000
12 CM 7 4.4706 0.61473 13.949 0.000
13 CM 1 4.3529 0.77391 10.194 0.000
14 SM 1 4.2353 0.88963 8.097 0.000
15 MM 4 4.2353 0.74096 9.721 0.000
16 CM 4 4.2353 0.74096 9.721 0.000
17 SM 2 4.1176 0.84440 7.718 0.000
18 SM 4 4.1176 0.84440 7.718 0.000
19 SCM 7 4.1176 0.76929 8.471 0.000
20 MM 3 4.1176 0.76929 8.471 0.000
21 CM2 4.1176 0.76929 8.471 0.000
22 MM 2 4.1176 0.68599 9.500 0.000
23 CM3 4.0588 0.64860 9.519 0.000
24 SCM 2 3.9412 1.22947 4.464 0.000
25 CM5 3.9412 1.12657 4.871 0.000
26 MM 1 3.8824 0.68599 7.500 0.000
27 SCM 1 3.6471 0.98110 3.846 0.001
28 SCM 8 3.5882 1.35104 2.539 0.016
29 SCM 5 3.5882 1.10420 3.106 0.004
30 MM 6 3.5294 1.05127 2.936 0.006
31 SM 3 3.5294 0.78760 3.919 0.000
32 CM 6 3.2353 1.12973 1.214 0.233
33 HRM 5 2.8824 1.14851 —0.597 0.554

Note Please refer to Table 4.5 for the definitions of the abbreviations in this table

(Eiadat 2008). It is also gathered that commitment from the subcontractors can be
anchored for through contractual means, so that they are compelled to and respon-
sible for meeting the specific CONQUAS score as well (Saraph et al. 1989).

On the other hand, “sample testing of materials through an ITA to check for
proper usage of materials (MM6)”, “cross-checking by another party (CM6)” as
well as “supervision by the client or architect to monitor the CONQUAS man-
agement workflow of the main contractor (HRMS5)” are the three least important
factors in influencing the CONQUAS score. It has been inferred from the three

interviews that cross-checking is not considered as important because much time
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and manpower is required and contractors feel that it is not worthwhile to do so
and would rather focus on other aspects of the project. This was further explained
by Low and Teo (2004) who found that contractors are already competing with
time to complete projects, and hence, even if a CONQUAS management frame-
work is in place, there is no guarantee that they will actually be implemented.
Therefore, only those factors that are evidently effective will be considered as
important and retained over time (Koh and Low 2008).

Furthermore, the main contractors may have their own system of handling the
CONQUAS workflow and do not like any form of supervision by another party.
This was explained by Ms B who said that:

The client or architect can only supervise or monitor but the main CONQUAS manage-
ment workflow is usually being controlled by the main contractor, hence the low mean
importance rating obtained.

In the same way, it is not considered important for the client or architects to super-
vise as pointed out by Mr C who felt that:

Some developers may not be that concerned about CONQUAS and totally allocate such
risks and responsibilities to the contractors.

It follows that the relatively low importance rating of using the service of an ITA
may be because ITA is primarily employed for the reason of meeting the contrac-
tual requirements. This was understood from Ms B who explained that:

ITA is also not implemented for the reason of ensuring high CONQUAS score but achiev-
ing high score is a consequence of that.

Next, the one-sample ¢ test is used to compare the mean score of the responses
received to a “neutral” test value of 3 and also to show that the normal distribution
assumption is fulfilled based on the central limit theorem, having a sample size of
more than 30.

e Null hypothesis, Hj o: © = 3 — It indicates neutrality of the importance of the
CSFs in influencing the CONQUAS scores.

e Alternate hypothesis, Hy 1: © = 3 — It indicates non-neutrality of the impor-
tance of the CSFs in influencing the CONQUAS scores.

The results are interpreted by comparing the significance test level, p, against the
level of significance of 0.05 such that

e If p > 0.05, Hy o will not be rejected which means that the importance level of
the CSFs is not significant in influencing the CONQUAS scores.

e If p <0.05, Hy o will be rejected, but this does not mean that the importance level
of the CSFs is significant in affecting the CONQUAS scores. A second step of
comparing the t-statistics against the critical value is required. The critical value
of t at p = 0.05 for 37 degree of freedom (n — 1) is 2.026. If ¢ > 2.026, it means
that the importance level of the CSFs is significant in influencing the CONQUAS
scores. However, if r < —2.026, it means that the importance level of the CSFs is
significantly inapplicable to having an effect on the CONQUAS scores.
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As a whole, the importance level of 31 CSFs variables is statistically significant
to have some bearing on the CONQUAS scores at the 95 % confidence interval
(p < 0.05), while the remaining two CSFs variables which are not statistically
significant have to be rejected. Hence, the null hypothesis H; o would be rejected,
indicating the non-neutrality of the importance level of 31 CSFs in influencing
the CONQUAS scores. This also supports the notion made earlier that these CSFs
could be distinguished into the “Features” and “Basic Attributes” groups. The
results also suggest that the first 23 CSFs variables which are statistically signifi-
cant and have a mean rating above 4, signifying relatively higher level of impor-
tance to influence the CONQUAS scores, will be classified under the “Features”
group, while the other CSFs variables will remain as “Basic Attributes”, indicating
minimum level of importance. Therefore, it is inferred that contractors should pay
more attention to these 23 CSFs in the “Features” group, having a higher level of
importance and playing a more critical role in contributing to the achievement of
high CONQUAS scores.

By cross-referencing Mr A’s comments below with the CSFs tested in the
survey, it is noted that those factors mentioned, although named differently, meant
the same thing and it appears that they are all in the “Features” group. This is evi-
dent as Mr A said:

Most of the time, the influencing factors for achieving high CONQUAS scores are man-
agement support, awareness on the importance of achieving the target, site staff awareness
and understanding of the scoring system and penalties, regular site inspection and close
monitoring of progress and scores.

However, both Mr A and Ms B pointed out several factors not tested in this sta-
tistical analysis which are important as well. The exclusion of such factors may
in fact be important given that Ms B’s company have only completed three
CONQUAS projects and that they tend to avoid projects which are more strin-
gent in the workmanship quality requirement as they are not confident of doing so
which led to their poor CONQUAS score record. This implies that the experience
and expertise of the QMU is important to yield a good CONQUAS score. This is
evident as Mr A recommended the consideration of:

Other external factors such as the experience of the site team in managing CONQUAS,
the discipline of the people involved and maybe the requirements of the projects.

It is also believed that many quality problems can be reduced if greater attention
is paid to the quality of communication. An effective quality effort will require the
participation of everybody in the QMU, and clear and precise communication with
other stakeholders is also important to achieving workmanship quality excellence
(Wang 1998). This is evident as Ms B commented that:

To a certain extent, having a good relationship with the BCA assessors can be beneficial
too. All that said, theoretically, BCA assessors are supposed to monitor the work qualities
as a third party which has no grounds on either side in order for their reports to be fair...
Communication to the workers regarding the proper usage of materials, especially for new
products, is important as no matter how good the material may be, it may not perform as
expected if it is being handled, stored or used in the wrong way.
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Moreover, the achievement of high CONQUAS score is constrained by clients
who are still focused on cost and time rather than on quality. This is evident as
Poon and Xu (1997) found that organisations needed to minimise costs due to
competition based on the lowest price. As a result, staffs were often overloaded
with work, and hence, they were unable to handle CONQUAS management issues
effectively. This implies that clients and contractors are unwilling to support the
achievement of high CONQUAS scores and simply do just enough to meet the
minimum requirements without caring too much for the quality spirit.

Overall, these factors which are not included in the survey could be a drawback
to the rigour of the survey analysis. But even so, it is believed that the impact on
the results of the survey is minor as it was acknowledged by the three interviewees
that implementation of all 33 CSFs would be more than sufficient to attain a high
CONQUAS score. In particular, Mr A said that:

If a company is able to achieve all these 33 CSFs successfully, I think that achieving a
score above 90 is not a problem.

6.3.1 Mean Importance Rating Based on the Five Categories

Based on the category that each of the 33 CSFs belongs to, the mean importance
rating is computed and HRM is found to be the most important category to influ-
ence the CONQUAS score as shown in Fig. 6.3. This outcome was explained by
Mr C who commented that:

The factors are rather comprehensive and the factors under human resource management
are the pre-requisites to meet the factors under other aspects like materials and construc-
tion management.

All three interviewees noted that the main approach to managing CONQUAS would
certainly involve factors under HRM. HRM is the process of ensuring that there
is a competent and adequate team of people to develop strategies to achieve high
CONQUAS scores. A firm’s human resources offer it the opportunity to create a com-
petitive advantage if the firm chooses to do so (Hamel and Prahalad 1994). Therefore,
the decisions that contractor makes for its HRM strategies are important and should not
be made by default (Maloney 1997). It should be thought through carefully as every
construction project is unique, consisting of different teams of people, and hence, the
HRM approach may have to be tweaked accordingly so as to be able to handle differ-
ent CONQUAS processes effectively and efficiently. Mr A also mentioned that:

Our approach is more towards working harder on human resource management...

In construction, considerable resources are being allocated to planning as studies
have shown the effectiveness of planning techniques to the achievement of project
goals (Laufer and Tucker 1987). By applying this concept, it is noted that quality
would suffer if the CONQUAS planning process was not executed properly by the
QMU. This can be seen in Mr A’s company with a good track record of CONQUAS
scores. Mr A mentioned that their focus to managing CONQUAS projects is on:
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Planning and ensuring that what is being planned can be realised on site. ...and at the
same time will ensure that other factors affecting the CONQUAS scores are not neglected.

Similarly, the focus of Ms B’s company with a poor track record of CONQUAS
scores to achieve high CONQUAS score is on HRM as well. As Ms B explained:

The QMU acts by setting out specific broad goals for the ‘ultimate targets of quality’...to
meet the target score identified in our company’s quality policy. The CONQUAS commit-
tee comprises mostly of experienced site personnel who understands the site conditions to
ensure workmanship quality. Therefore, we are able to set up benchmarks that are practi-
cal and achievable on site.

Moreover, Ms B’s company have to rely on veterans’ expertise to advance their
CONQUAS performance. As stated by Ms B:

An experienced senior who has been involved in many CONQUAS projects...He has
given us a lot of tips in preventing defects from occurring by pre-empting us beforehand.
He will also warn us to take extra care on areas, based on his experience, which have a
high probability of non-compliance.

In today’s highly competitive environment, managing people effectively can have
a significant impact on the results (Hubbard et al. 1990). A study by Culp and
Smith (1992) revealed that a well-trained project manager is a key factor linked
with project success because as a team builder, he or she can create an effective
team. Hence, by ensuring that adequate training is provided to the staffs will cer-
tainly help in managing CONQUAS more effectively and efficiently (Rao et al.
1987). Likewise, Mr C emphasised that:

Staff training on CONQUAS is very important...I think that it is a basic requirement
for all staffs who will be involved in duties related to workmanship quality. The latest
CONQUAS edition has also provided bonus points for projects which employ certified
CONQUAS supervisor or manager.
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6.4 Usage Level of the Critical Success Factors

Even though contractors realised the importance of these CSFs, it is unknown whether
they have really implemented them in their projects. In other words, even though
contractors are able to acknowledge that “Features” are more critical than “Basic
Attributes”, it does not necessarily mean that contractors will implement them and
place “Features” as their priority over “Basic Attributes”. Hence, the main purpose of
the third section of the survey questionnaire is to identify the “Features” which are not
commonly used by contractors in their CONQUAS management workflow.

Similarly, the one-sample ¢ test is used to compare the mean score of the
responses received to a “neutral” test value of 0.5 and also to show that the nor-
mal distribution assumption is fulfilled based on the central limit theorem, having
a sample size of more than 30.

e Null hypothesis, H>o: © = 0.5 — It indicates neutrality of the extent of adop-
tion of the CSFs in the CONQUAS management workflow to the achievement
of high CONQUAS scores.

e Alternate hypothesis, Hp 1: = 0.5 — It indicates non-neutrality of the extent
of adoption of the CSFs in the CONQUAS management workflow to the
achievement of high CONQUAS scores.

The results are interpreted by comparing the significance test level, p, against the
level of significance of 0.05 such that

e If p > 0.05, Hy o will not be rejected which means that the extent of adoption
of the CSFs is not significant in the CONQUAS management framework to the
achievement of high CONQUAS scores.

e If p < 0.05, Hyp will be rejected, but this does not mean that the usage level
of the CSFs is significant in the CONQUAS management framework to the
achievement of high CONQUAS scores. A second step of comparing the t-sta-
tistics against the critical value is required. The critical value of ¢ at p = 0.05 for
37 degree of freedom (n — 1) is 2.026. If # > 2.026, it means that the extent of
adoption of the CSFs is significant in the CONQUAS management framework
to the achievement of high CONQUAS scores. However, if 1 < —2.026, it means
that the usage level of the CSFs is significantly inapplicable to the CONQUAS
management framework to the achievement of high CONQUAS scores.

The results obtained are presented in Table 6.4 and ranked accordingly from the
highest mean usage rating to the lowest mean usage rating.

Based on the above understanding, it can be observed from Table 6.4 that the
extent of adoption of 29 CSFs variables is statistically significant (p < 0.05,
t > 2.026) and four CSFs (indicated with an asterisk) are not statistically significant
in the CONQUAS management workflow to the achievement of high CONQUAS
scores. Hence, the null hypothesis H» ¢y would be rejected and this shows the non-
neutrality of the usage level of the CSFs to the achievement of high CONQUAS
scores. This supports the alternate hypothesis Hj j that the higher the adoption of the
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Table 6.4 Usage rating of the 33 CSFs

Critical success Standard Significance
Rank factors Mean usage rating deviation t value (two-tailed)
1 SCM3 0.7941 0.41043 4.179 0.000
2 CM7 0.7647 0.43056 3.585 0.001
3 HRM6 0.7059 0.46250 2.596 0.014
4 SCM9 0.7059 0.46250 2.596 0.014
5 HRM1 0.6471 0.48507 7.778 0.000
6 HRM3 0.6471 0.48507 7.778 0.000
7 SCM4 0.6471 0.48507 7.778 0.000
8 SCM7 0.6471 0.48507 7.778 0.000
9 SM1 0.6471 0.48507 7.778 0.000
10 SM2 0.6471 0.48507 7.778 0.000
11 MM2 0.6471 0.48507 7.778 0.000
12 MM3 0.5882 0.49955 5.745 0.000
13 CM1 0.5882 0.49955 5.745 0.000
14 SCM1 0.5588 0.50399 6.866 0.000
15 SM4 0.5588 0.50399 6.465 0.000
16 SCM5 0.5294 0.50664 8.899 0.000
17 CM4 0.5294 0.50664 8.899 0.000
18 HRM2 0.5000 0.50752 5.745 0.000
19 HRM4 0.5000 0.50752 5.745 0.000
20 SCM2 0.5000 0.50752 6.093 0.000
21 SCM6 0.5000 0.50752 5.745 0.000
22 HRM7 0.4706 0.50664 6.465 0.000
23 MMS5 0.4706 0.50664 8.899 0.000
24 CM5 0.4412 0.50399 5.104 0.000
25 CM2 04118 0.49955 4.806 0.000
26 MM4 0.3824 0.49327 5.104 0.000
27 SM3* 0.3235 0.47486 —2.167 0.038
28 CM3* 0.2941 0.46250 —2.596 0.014
29 SCM8* 0.2353 0.43056 —3.585 0.001
30 MM6* 0.2353 0.43056 —3.585 0.001
31 MM1 0.2059 0.41043 2.925 0.006
32 CM6 0.1471 0.35949 2.385 0.023
33 HRMS 0.1176 0.32703 2.098 0.044

Note Please refer to Table 4.5 for the definitions of the abbreviations in this table;
Asterisks indicate factors which are not statistically significant in the CONQUAS management
workflow to the achievement of high CONQUAS scores

CSFs, the greater the resultant CONQUAS score will be than when the CSFs are not
adopted, allowing certain firms to achieve higher CONQUAS scores than the rest.
Therefore, it can be ascertained that out of the 23 “Features”, those with a low
mean rating below 0.5 will certainly require more attention and have to be properly
implemented on a full scale in order to achieve high CONQUAS scores. These are
“setting a benchmark to gauge and control the CONQUAS performance (HRM?7)”,

CLINT3

“protection of materials after completion of that portion of works (MMS5)”, “construct-

CLINNT3

ing mock-ups to check for implications with other trade of works (CM2)”, “proper
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materials handling and storage (MM4)” as well as “field demonstration by labourers
to showcase their understanding of the workmanship quality required (CM3)”. This
suggests that contractors knowingly ignore the criticality of these five “Features™ as
pointed out by Mr A who acknowledged that the 33 CSFs are recognised industry-
wide by all stakeholders in the project:

Many a times, main contractors, sub-contractors and site staff do understand the impor-
tance, but when it boils down to practicing what they preach, it is a totally different mind-
set. So the policing part comes into play and how the QA guys do their inspection and
how well the sub-contractors cooperate.

Therefore, contractors should now work harder on these five CSFs in their
CONQUAS management workflow to improve their workmanship quality and
attain higher CONQUAS scores. To do so, it is believed that the BCA could rec-
ommend a CONQUAS management framework and that corporate policy should
also lay out clearly the CONQUAS management process. Such national and cor-
porate policies are to be implemented on a full scale to propel the entire industry
to strive to achieve high CONQUAS scores. They are essential to act as a guiding
principle and mechanism for ensuring that the quality performance is able to meet
requirements and in the best interests of the company too (Eiadat 2008). In conclu-
sion, it appears that the construction of a CONQUAS management framework can
also illustrate the importance of getting the commitment of the industry and indi-
vidual companies to achieving high CONQUAS scores.

6.4.1 Mean Usage Rating Based on the Five Categories

Based on the category that each of the 33 CSFs belongs to, the mean usage rating
is computed and the usage level of all five categories are about the same as shown
in Fig. 6.4. The slightly higher mean usage rating of the SCM category may be
due to the fact that subcontractors are the ones who execute the construction work
on site, and hence, they are the people who are directly responsible for the poor
workmanship quality. Subcontractors are the ones working in the field to deliver
the final building product and have to be answerable for their actions. Therefore,
the main contractors often have to tie them down contractually so that they will
have to be made partly accountable for the CONQUAS score performance as well.

6.5 Correlation Analysis

6.5.1 Coefficient of Determination

Furthermore, to test whether the extent of adoption of the CSFs is dependent on
whether it is important or not, the value of R? has to be found. R? measures the
percentage of variation in the y variable (usage rating) which can be attributed to
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variation in the x variable (importance rating). Here, only the 27 CSFs which were
not rejected in the mean importance and usage-level significance test were taken
into account to validate the relationship as the results of the other six CSFs only
occurred due to chance. As seen in Fig. 6.5, the mean importance of the 27 CSFs
with its mean usage is poorly correlated where the correlation coefficient squared
is only 0.1222. This implies that about 12 % of the variation in usage rating data
is due to the variation in the importance rating data. The results appear to suggest
that the importance rating is affecting the usage rating to a very small extent.

It was initially hypothesised in Chap. 1 that the perceived importance of the CSF
does not lead to the actual adoption and practice of the CSFE. In other words, it was
hypothesised that contractors were not likely to implement the CSF even if they per-
ceived it as being important. This seems to be consistent with the results obtained
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which showed that the contractors’ perception of higher importance of the CSF does
not lead to the increased adoption, as there is an extremely poor coefficient of deter-
mination. Hence, the null hypothesis Hz o would be accepted which suggests that the
extent of adoption of the CSFs is very much independent of its importance level.

The poor R? value can also be explained by the fact that the level of usage of
each of the CSFs varies between different firms, and this was elaborated by Ms B
who felt that:

It would be great if contractors are able to implement all these 33 factors, but normally,
such high mean importance rating factors tend to be much harder to achieve, in terms
of having to spend more time and manpower in order to achieve. In that case, contrac-
tors may choose to spend their time and manpower on achieving more factors that have
lower mean importance rating than just to spend all their time and manpower on a single
high mean importance rating factor that at the end of the day, may still not be achievable
despite all the time and manpower spent.

Nonetheless, there may still exist some “Features” (more important factors) which
are easy to achieve as the effort required to achieving high CONQUAS scores
is just proper planning which can be built up from their experiences in manag-
ing CONQUAS projects as highlighted by Ms B. It is also noted that contractors
should not remain status quo but should strive to improve their CONQUAS man-
agement activities to continue to achieve higher CONQUAS scores even with the
constant development made to the CONQUAS scheme by the BCA.

In addition, despite the fact that a substantial number of respondents come from
reputable firms and have vast experience in managing CONQUAS, they may have
a misconception for which factor is more important to use than the rest. Moreover,
some factors may only be applicable in certain situations too. In particular, a rela-
tively low ranking of both the importance level and usage level of the “adequacy of
sample size to be prepared for inspection (SCMS5)” is contrary to Mr A’s viewpoint:

Although the minimum number of sample to be prepared is as indicated in the
CONQUAS standards, based on my experience, the CONQUAS scores tend to be better
if the entire block is ready for inspection. But in reality, this may be hard to achieve due to
schedule issues and it is common that at most, only half of the block is ready and this may
leave a poor impression to the assessors in general.

Although there may be a possibility of lurking variables such as insufficient time
and manpower to implement the respective CSFs which may lead to non-usage
of the CSFs despite perception of high importance, it is believed to be insignifi-
cant in affecting the results of this study as supported by both Mr A and Ms B who
expressed that it is predictable that a poor coefficient of determination (0.1222)
would be obtained as they were absolutely certain that the more important factor
does not necessarily equate to higher degree of usage and vice versa. Mr A felt that:

I don’t think that the higher mean importance rating means that contractors will input
them as part of their strategies to achieve high CONQUAS scores.

Similarly, Ms B also said that:

Normally, contractors have a target CONQUAS score in mind and will then decide on the
factors that are more achievable within their available resources, of which, most of the
time will not be Othe high mean importance rating factors unless it is their forte.
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Table 6.5 Statistically significant positive correlation of importance rating

Pearson correlation Coefficient general interpretation ~ No. of significant pairs
coefficient (r) of positive coefficient
>0.70 to <1.00 Strong 20

>0.40 to <0.70 Moderate 155

>0.00 to <0.40 Weak 69

Total positively significant pairs 244

6.5.2 Pearson Correlation

The Pearson correlation coefficient, r, is utilised to examine the relationship
between each CSFs with every other CSFs. Two sets of correlations were com-
puted to analyse the relationships between variables, that is, the respondents’
perceived importance of each CSF with every other CSF as well as the actual
adoption and practice (usage level) of each CSF with every other CSF. The results
of the analysis would be used to discuss the relationship and strength of associa-
tion between the variables tested. This study will follow the reference point used
by Reed and Frankham (2003) where r > 0.70 means strong correlation, r < 0.40
means weak correlation and the values in between will mean moderate correlation.
The sections below will now highlight on the end results to support the acceptance
or rejection of Hypotheses 4 and 5 presented in Chap. 1.

e Null hypothesis, Hy 0/5.0: ¥ = 0 — Absence of correlation relationship
e Alternate hypothesis, Hq.1/5.1: r = 0 — Presence of correlation relationship.

6.5.2.1 Correlation Between Importance of Each CSF and Every Other
CSF

This section aims to find out the correlation between the respondents’ perceived impor-
tance level of each CSF with every other CSE. Out of 528 pairs of variables tested, 246
pairs gave a statistically significant correlation (p < 0.05; df = 526; r > 10.088I), with
244 pairs having significant positive correlation as indicated in Table 6.5. The detailed
results can be found in Appendix E. This means that about 46.2 % of them are interre-
lated, where higher importance of the particular CSF in the CONQUAS management
framework will lead to higher importance of the respective CSE.

The results suggest that there is a relatively strong and positive correlation for
twenty pairs of variables, while 69 pairs gave a relatively weak and positive corre-
lation. Generally, CSFs under the same category gave a higher correlation which is
justifiable since they are targeting similar areas of concern in the CONQUAS man-
agement framework. Moreover, HRM CSFs have a higher correlation with SCM
CSFs and this is because people are the ones who will be managing the subcon-
tractors. This link between the subcontractors and the QMU of the main contrac-
tors has also been established in Mr A’s CONQUAS management strategy which
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Table 6.6 Statistically significant negative correlation of importance rating

No. Factor 1 Factor 2 Pearson correlation coefficient (r) Sig. (two-tailed)
1 HRM2 SCMS8 —0.362 0.025
2 HRM4 SM3 —0.455 0.004

Note Please refer to Table 4.5 for the definitions of the abbreviations in this table

has proven to be effective, leading to an improvement in their CONQUAS track
record. As Mr A explained:

It is also important that this QA or QC site team consists of personnel who are responsible
for fine tuning or touching up to prepare the area prior to inspection. Therefore, besides
the inclusion of personnel from our company, we will also include the site supervisor of
each subcontractor’s firm in this QMU.

Furthermore, MM CSFs have a higher correlation with CM CSFs and this is
because both categories are dependent on one another as the selection of build-
ing materials and construction methods will have to be discussed to find the most
suitable and practical way to carry out the construction works (Anink et al. 1996).
Therefore, this has reinforced the need for contractors to understand that the dif-
ferent CSFs have to work together as they are vastly interrelated and any one of
them should not be overlooked as it will affect the eventual CONQUAS manage-
ment workflow and may also hinder activities from progressing smoothly.

On the other hand, Table 6.6 shows the two pairs of variables which gave a statis-
tically significant, moderately weak negative correlation with regard to the impor-
tance responses. This means that a higher importance of the particular CSF will lead
to a lower importance of the respective CSF. This may be due to the fact that when
top management are truly committed to advance the CONQUAS management per-
formance (HRM2), they need not resort to imposing penalties on the subcontractors if
they do not meet the targeted CONQUAS score stipulated in the contract (SCMS). In
other words, contractors feel that as long as the QMU, which consists of different stake-
holders such as the main contractor, subcontractors and the client, has the full commit-
ment to handle the CONQUAS workflow, they do not have to make use of monetary
penalties to force subcontractors to perform and achieve good workmanship quality.

Moreover, when staffs are well trained and understand the CONQUAS require-
ments (HRM4), they may have acquired other means of achieving workmanship
quality and need not arrange for phased construction to reap the learning curve
on workmanship quality (SM3). This negative correlation suggests that contrac-
tors acknowledge that phased construction is not the only means of achieving
workmanship quality and frequent trainings are important in order to keep up with
changes and trends in the construction industry so that contractors will be aware
of the improvements required to execute the CONQUAS management framework
effectively to attain good CONQUAS scores. This accords well with Ms B’s view
who mentioned that:

Arranging for phased construction to reap learning curve on workmanship quality is only

workable if there is repetition in the buildings, that is, every storey is the same so that as
one goes up, one learn from past mistakes and do better.
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Fig. 6.6 Scatter plot diagram of the importance relationship between statistically significant
pairs of CSFs

Table 6.7 Statistically significant positive correlation of usage rating

Pearson correlation Coefficient general No. of significant pairs
coefficient (r) interpretation of positive coefficient
>0.70 to <1.00 Strong 57

>0.40 to <0.70 Moderate 204

>0.00 to <0.40 Weak 42

Total positively significant pairs 303

Figure 6.6 shows the scatter plot diagram of the above 246 statistically signifi-
cant pairs of variables and notes that the linear relationship is moderate since their
average correlation is 0.486. But generally, it is observed that the relationship is
positive and knowing the importance level of the particular CSF can help to infer
something about the degree of importance of another CSF moderately. Therefore,
even though only 47 % of the variables are statistically significant, it is determined
that the null hypothesis Hs o set in Chap. 1 would still have to be rejected, mean-
ing that the importance level of each of the CSFs is correlated with the importance
level of other CSFs, to a reasonable extent.

6.5.2.2 Correlation Between the Usage Level of Each CSF with Every
Other CSF

This section seeks to investigate the correlation and impact of the usage level
of each CSF with every other CSF. The results showed that out of 528 pairs of
variables tested, 305 pairs gave a statistically significant correlation (p < 0.05;
df = 526; r > 10.088l), with 303 pairs having significant positive correlation
as shown in Table 6.7. This means that about 57.4 % of them are interrelated,
where a higher usage level of the particular CSF in the CONQUAS management
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Table 6.8 Statistically significant negative correlation of usage rating

No. Factor 1 Factor 2 Pearson correlation coefficient (r) Sig. (two-tailed)
1 SCM8 SM4 —0.365 0.024
2 SM4 MMI1 —0.365 0.024

Note Please refer to Table 4.5 for the definitions of the abbreviations in this table

framework will lead to a higher adoption of the respective CSF as well. The
detailed results can be found in Appendix F.

It is noted that the closer is the value of r to 1, the greater is the degree of lin-
ear statistical relationship between the two variables. This means that with more
practice of the particular CSF, there will be a greater increase in the usage of the
respective CSF. Of which, 29 of them are perfectly positively correlated (r = +1).
This is surprising as perfect correlation is rare. This could be because some factors
may intersect between two categories and hence the extremely high correlation.
For example, formation of the QMU (HRM1) and collaborative efforts between
the subcontractors and main contractor (SCM4) may be viewed as similar and
dependent on each other since subcontractors are also part of the QMU.

A close observation of the data did not result in a noticeable trend which
might be due to extraneous factors that mask the true relationship between them.
For example, only 38 respondents voluntarily replied to the survey conducted
and those who did not reply may have vastly different opinions on the CSFs, and
hence, even though this study has satisfied the criteria to assume that the variables
are sampled from a Gaussian population to do this Pearson statistical analysis, it
may still not be entirely effective to determine results that can be generalised as a
whole.

Next, the results in Table 6.8 show that the extent of adoption of two pairs
of variables is negatively and weakly correlated. It can be interpreted from the
results that a higher adoption of imposing penalties on the subcontractors when
they do not meet the targeted CONQUAS score (SCMS8) will lead to decreased
adoption of booking assessment schedule to tie in with the site progress (SM4).
Further, a higher practice of choosing materials thoroughly (MM1) will also lead
to decreased practice of booking assessment schedule to tie in with the site pro-
gress (SM4). This may also be attributable to the late arrangements made by the
contractors which lead to difficulty in fixing an appointment time when the BCA
assessors are available. This is coupled by the fact that there are many CONQUAS
projects in Singapore but only a small number of BCA assessors available to
attend to concurrently on top of their other scope of works such as holding
CONQUAS trainings for stakeholders involved, reviewing the CONQUAS scheme
and collating defects trend observed. As highlighted by Ms B,

There are only a handful of assessors, maybe 15...
Following that, Fig. 6.7 shows the scatter plot diagram of the above 305 statisti-

cally significant pairs of variables. It is noted that the linear relationship is mod-
erate given that the average correlation is only 0.532. But generally, it can be
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Fig. 6.7 Scatter plot diagram of the usage relationship between statistically significant pairs of
CSFs

seen that the relationship is positive, and hence, contractors will be able to visu-
ally identify relationships between the first and the second entries of paired data
moderately. Therefore, since there is statistical significance for the correlation of
slightly more than half (58 %) of the pairs of variables tested, the null hypothesis
Hs o formulated in Chap. 1 would be rejected following the results of the correla-
tion, meaning that the extent of adoption of each of the CSFs is correlated with the
extent of adoption of the other CSFs, to a reasonable extent.

6.5.3 Concluding Statement

In conclusion, the importance level of each of the CSFs is positively corre-
lated with the importance level of the other respective CSFs most of the times.
Similarly, the usage level of each of the CSFs is positively correlated with the
usage level of the other respective CSFs in general. This outcome is consistent
with the research’s objective of implementing a CONQUAS management frame-
work by associating all 33 CSFs together and guiding contractors on the adoption
in actual practice to enhance workmanship quality. It should be reiterated that the
correlation does not imply that one CSF causes the other CSF to occur.

6.6 Linear Regression

Although correlation is a powerful method to describe and test associations between
continuous variables, it is not able to predict the value of one dependent variable,
from measurements of the other independent variable. Hence, to quantify how the
usage of a particular CSF affects the CONQUAS score, a regression model was
developed. The stepwise regression selection procedure was chosen to reduce
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Table 6.9 R and adjusted R>

Model summary
Model R R? Adjusted R? Std. error of the estimate
1 0.968 0.937 0.827 2.289

Table 6.10 Variables removed

Variables removed

HRM2—Commitment of top management
HRM3—Supportive and cooperative employees
HRMS5—Supervision by client or architect
SCM3—Skill level of labours

SCM4—Collaborative efforts between subcontractors and main contractor
SCM5—Adequacy of contract period and contract sum
SM3—Arrange for phased construction
MM3—Inspect materials upon delivery
MMo6—Sample testing through ITA

CMI1—Review of shop drawings

11 CM2—Construct mock-ups

12 CM6—Cross-checking

Criteria: Probability of F to enter <0.050; probability of F' to remove >0.100
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the number of variables (CSFs) so that the resulting regression equation is easy to
understand, interpret and work with, consisting of only the most significant variables
to effectively predict the CONQUAS score. Generally, one could continue to add
predictors (CSFs) to the model which would continue to improve the ability of the
predictors to explain the dependent variable (average CONQUAS score obtained in
the recent three years), although some of this increase in R* would be simply due
to chance variation in that particular sample. Here, it is noted that the original R?
value without removing outliers is 0.937, an extremely high value which may be due
to presence of relationships that are not statistically significant as identified in the
above section. The best model summary is tabulated in Table 6.9.

This best model consisting of only statistically significant variables computed
that twelve CSFs (Table 6.10) have to be eliminated as they are not normal, hav-
ing relationships that are collinear. With that, the adjusted R? value became 0.827,
signifying that the remaining 21 CSFs can account for about 83 % of the vari-
ability in the CONQUAS score. It is noted that the remaining 17 % may be due to
the demographic profile of the respondents and their company and the discipline
of the people managing the project as suggested by the interviewees as well. This
means that there are actually other variables which may exert influence over the
CONQUAS score, some of which are unpredictable or difficult to gather the data.

Moreover, the F test which is used to compute the significance of each added vari-
able via stepwise to the explanation reflected in R? shows that the regression model
is significant (p < 0.05) as presented in Table 6.11. This implies that the regression
equation does have some validity in fitting the data. The independent variables (CSFs)
are not purely random with respect to the dependent variable (CONQUAS score).
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Table 6.11 F statistics

ANOVA

Model Sum of squares df Mean square F Sig.

1 Regression 936.173 21 44.580 8.507 0.000
Residual 62.886 12 5.241
Total 999.059 33

Table 6.12 Regression equation coefficients

Model Unstandardised coefficients Standardised coefficients ~ Sig.
B Beta
1 (Constant) 75.117 0.000
HRM1 1.014 0.093 0.001
HRM4 1.164 0.098 0.009
HRM6 0.429 0.039 0.008
HRM7 1.197 0.110 0.003
SCM1 —0.117 —0.009 0.001
SCM2 1.096 0.101 0.040
SCM6 0.276 0.023 0.000
SCM7 —0.134 —0.012 0.007
SCM8 —2.461 —0.227 0.025
SCM9 0.468 0.039 0.005
SM1 1.864 0.169 0.002
SM2 0.262 0.024 0.025
SM4 0.181 0.017 0.008
MM1 3.064 0.229 0.025
MM2 —7.314 —0.645 0.008
MM4 1.817 0.166 0.025
MMS5 1.063 0.098 0.001
CM3 4.436 0.403 0.004
CM4 4.432 0.331 0.019
CM5 2.974 0.272 0.014
CM7 1.271 0.117 0.004

Note Please refer to 4.5 for the definitions of the abbreviations in this table

The 1 statistics test showed that 21 CSFs are statistically significant (p < 0.05)
as shown in Table 6.12.
Therefore, the final derived regression equation consisting of 21 CSFs is

Predicted CONQUAS score = 75.117 + 1.014 (HRM1) + 1.164 (HRM4) + 0.429 (HRM®6) +

1.197(HRM7) — 0.117 (SCM1)* + 1.096 (SCM2) + 0.276 (SCM6) — 0.134 (SCM7)* — 2.461

(SCM8)* + 0.468 (SCM9) + 1.864 (SM1) + 0.262 (SM2) + 0.181 (SM4) + 3.064 (MM1) — 7.314

(MM2)* + 1.817 (MM4) + 1.063 (MMS5) + 4.436 (CM3) + 4.432 (CM4) +2.974 (CM5) +1.271

(9%%4
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Note

1. Please refer to Table 4.5 for the definitions of the abbreviations in this equation.

2. To calculate the predicted CONQUAS score, for each factor in bracket, please
insert the value “1” which means that the firm uses that particular factor or
insert the value “0” which means that the firm do not use that particular factor
when managing CONQUAS projects.

3. To reiterate, regression equation has to be based on an objective approach, and
hence, the usage rating data were used instead of the importance rating data.
Thus, the firm is deemed to be either utilising the factor (value “1”) or not uti-
lising the factor (value “0”") only. Inserting intermediate values between 0 and 1
is not encouraged.

4. Asterisks indicate factors which have a negative coefficient.

This equation shows that the maximum possible CONQUAS that can be obtained
is 93.4 (when all 21 CSFs are implemented), while the minimum possible is 72.4
(when all 21 CSFs are not used). The regression model shows that “controlling the
number of subcontractors working on the project (SCM1)”, “awarding incentives
to subcontractors if their targeted score is met (SCM7)”, “imposing a penalty to
subcontractors if their targeted score is not achieved (SCM8)” and “select mate-
rials which can be better managed during construction (MM2)” have a negative
coefficient, which means that the implementation of any of these four CSFs may
potentially lower the CONQUAS score. It is believed that this drop in CONQUAS
score is unusual and may only be applicable in situations where contractors
themselves are not driven to meet these contractual conditions to attain high
CONQUAS scores and simply seek to realise the basic requirements which can no
longer meet the expectations and demands of the clients in today’s rising standard
of construction workmanship quality. Otherwise, this decrease may also be due
to the fact that contractors do not have the expertise or a higher level of skill is
required to achieve excellent workmanship quality in a particular scope of work.

On the other hand, “choose materials through a comparison process, consider-
ing their specifications and samples to be provided (MM1)”, “field demonstra-
tion by labourers to showcase their understanding of the workmanship quality
required (CM3)” and “conducting preparatory inspection using template check-
list at every stage of work activity (CM4)” exert a larger positive effect as com-
pared to the other CSFs, having a larger coefficient, and hence, contractors should
experience a greater increase in CONQUAS score with the implementation of
these three CSFs. Therefore, these three CSFs are important and should have a
high degree of usage in the CONQUAS management framework to achieve high
CONQUAS scores.

This model is useful as contractors would be able to estimate their CONQUAS
scores, whether the requirements can be met, and yet within their limited resources
and not sacrificing on other aspects such as productivity, buildability and con-
structability by deciding which CSFs to use or not to use and how it will impact
the CONQUAS score. In other words, this model tells us which CSFs contractors
should focus on in order to still achieve high CONQUAS scores.
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Unlike Mr A and Mr C who are supportive and optimistic of the potential of
this equation, Ms B was of the opinion that:

This may only be practical to firms who lack the expertise in CONQUAS management.

Big firms or those who have been performing well may feel that it is redundant since they

may already have a well-established system in place and knows what to do in order to
meet their target scores, although not quantified in exact numbers.

Furthermore, since these CSFs are correlated among themselves to a certain extent
as determined in the Pearson correlation analysis, the common interpretation of
the change in CONQUAS score when a particular CSF is not adopted while all
other CSFs are held constant is not fully applicable. This is due to the fact that
with highly correlated CSFs, it is difficult to attribute changes in the CONQUAS
scores to one of the CSFs rather than another. Further, in perfect correlation,
regression analysis breaks down completely, and the regression coefficient esti-
mates will then have infinite variances. As the degree of collinearity among the
CSFs increases, effects on the CONQUAS scores are much less significant. Hence,
whatever the source of such multicollinearity, it is important to be aware of its
existence as a limitation to the regression equation obtained.

6.7 Independent-Samples Test

The different importance rating and degree of usage of the CSFs may be due to
limited resources as mentioned by Mr A and Ms B, especially the financial capa-
bility of the contractors, their category of financial grade. Mr C also mentioned
that the deciding factor for utilising the CSFs is because of cost issues, and a very
little percentage of the selection is based on the fact that better workmanship qual-
ity can be obtained.

This is substantiated as several publications concerning the implementation and
application of similar practices (the 33 CSFs) have found that the majority of them
are geared towards larger and reputable organisations with good track records
(Goh and Ridgway 1994). This leads to the unfortunate conclusion by the smaller
contractor’s firms with limited financial resources that benefit such as attaining
excellence in their workmanship quality and meeting high CONQUAS scores are
out of their league. This may be coupled with their lack of experience and knowl-
edge, the shortage of human resources, and time required for implementation
(Haksever 1996; Hendricks 1992).

A study by Goh and Ridgway (1994) conducted among companies of a small
scale also revealed that ISO 9000 certification was the endpoint in their quality
drive. The same study also found that most companies did not see the advantage
of analysing data related to cost of quality. On the other hand, companies of larger
scale revealed that the reasons for adopting similar practices (the 33 CSFs) were
promoting growth, changing customer expectations, making work more enjoyable
and improving poor company performance (Shea and Gobeli 1995). This high-
lights the importance and adoption of the 33 CSFs for all financial categories of
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contractors so that they can improve their current quality management practices as
well as quality of the built product, to achieve a good CONQUAS score.

Hence, the independent two-sample test is used to compare the responses
received from Al and A2 contractors to determine whether there is a distinction
in their responses. B1 and B2 contractors were eliminated as the take-up rate of
CONQUAS projects by them is significantly lower and with the low responses
received from them, they are deemed unlikely to pose any substantial impact.
Further, this is a small sample test which can only be used for two sample groups.

e Null hypothesis, Hg0/7.0: ta1 = a2 — The mean importance rating or extent
of adoption of the CSFs of Al and A2 contractors is not significantly different.

e Alternate hypothesis, H7.1/7.1: a1 = a2 — The mean importance rating
or extent of adoption of the CSFs of Al and A2 contractors is significantly
different.

Firstly, the significance test level will be compared against the significance value
for Levene’s test for equality of variances of 0.05 such that

o [f the value is greater than 0.05, it suggests that the variance of the two groups is
about the same and the “equal variance assumed” values would be used.

o [f the value is equal or less than 0.05, it suggests that the variance of the two
groups is significantly different from the other and the “equal variance not
assumed” values would be used.

Secondly, the significance test level will be compared against the significance
value for the 7 test of 0.05 such that

o [f the value is greater than 0.05, the means of the two groups are not signifi-
cantly different from each other.

o If the value is equal or less than 0.05, the means of the two groups are signifi-
cantly different from each other.

6.7.1 Importance Rating

Table 6.13 shows that only twelve CSFs (indicated with a hash symbol) have
higher mean importance rating by the A1l contractors as compared to the A2 con-
tractors. This seems to be surprising and may be due to the fact that A1 contrac-
tors viewed the remaining 21 factors as something very basic and only rated those
more important factors with a high rating. On the other hand, A2 contractors who
are not as confident as the Al contractors rated more factors with a high impor-
tance rating.

Next, out of 33 CSFs, only the means of two CSFs (indicated with an asterisk)
of the two groups are significantly different as shown in Table 6.14. An analysis
of Tables 6.13 and 6.14 did not reveal any observable trend to explain the results
obtained. The only noteworthy point found was that there is a great divergence in
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Table 6.13 Mean importance rating group statistics

6 Results and Analysis

N Mean Std. deviation Std. error mean
HRM1# Al 19 4.6316 0.68399 0.15692
A2 8 4.5000 0.53452 0.18898
ITHRM2# Al 19 4.5789 0.50726 0.11637
A2 8 4.2500 0.88641 0.31339
IHRM3 Al 19 4.4737 0.69669 0.15983
A2 8 4.7500 0.46291 0.16366
THRM4# Al 19 5.0000 0.00000 0.00000
A2 8 4.8750 0.35355 0.12500
THRM5* Al 19 3.3158 0.94591 0.21701
A2 8 1.6250 0.74402 0.26305
IHRM6 Al 19 4.6842 0.47757 0.10956
A2 8 4.8750 0.35355 0.12500
THRM7# Al 19 4.5263 0.51299 0.11769
A2 8 4.1250 0.83452 0.29505
ISCM1 Al 19 3.6842 0.94591 0.21701
A2 8 4.0000 1.06904 0.37796
ISCM2 Al 19 4.0526 1.26814 0.29093
A2 8 4.1250 0.35355 0.12500
ISCM3 Al 19 4.5263 0.69669 0.15983
A2 8 4.8750 0.35355 0.12500
ISCM4 Al 19 4.5789 0.76853 0.17631
A2 8 4.7500 0.46291 0.16366
ISCM5* Al 19 3.789 0.6306 0.1447
A2 8 3.750 1.5811 0.5590
ISCM6 Al 19 4.6316 0.49559 0.11370
A2 8 4.7500 0.46291 0.16366
ISCM7 Al 19 4.0526 0.77986 0.17891
A2 8 4.2500 0.70711 0.25000
ISCM8 Al 19 3.4737 1.17229 0.26894
A2 8 4.2500 1.48805 0.52610
ISCM9 Al 19 4.5263 0.69669 0.15983
A2 8 4.8750 0.35355 0.12500
ISM1 Al 19 4.1579 1.01451 0.23275
A2 8 4.3750 0.74402 0.26305
ISM2 Al 19 4.0526 0.97032 0.22261
A2 8 4.3750 0.74402 0.26305
ISM3 Al 19 3.4737 0.84119 0.19298
A2 8 3.6250 0.74402 0.26305
ISM4 Al 19 3.8947 0.93659 0.21487
A2 8 4.5000 0.53452 0.18898
MM 1# Al 19 3.9474 0.62126 0.14253
A2 8 3.7500 0.88641 0.31339
IMM2# Al 19 4.1579 0.76472 0.17544
A2 8 4.1250 0.64087 0.22658
IMM3 Al 19 4.1053 0.73747 0.16919
A2 8 4.1250 0.83452 0.29505

(Continued)
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Table 6.13 (Continued)

N Mean Std. deviation Std. error mean
IMM4 Al 19 4.1579 0.76472 0.17544
A2 8 4.2500 0.70711 0.25000
IMM5 Al 19 4.5263 0.69669 0.15983
A2 8 4.7500 0.46291 0.16366
IMM6* Al 19 3.6316 0.95513 0.21912
A2 8 3.2500 1.48805 0.52610
ICM1 Al 19 4.3158 0.74927 0.17189
A2 8 4.3750 0.91613 0.32390
1cMm2# Al 19 4.2105 0.78733 0.18063
A2 8 4.1250 0.83452 0.29505
IcM3* Al 19 4.0526 0.62126 0.14253
A2 8 4.0000 0.75593 0.26726
1cm4* Al 19 4.1579 0.68825 0.15789
A2 8 4.0000 0.92582 0.32733
ICM5 Al 19 3.7368 1.09758 0.25180
A2 8 4.1250 0.83452 0.29505
ICM6 Al 19 3.1579 1.21395 0.27850
A2 8 3.5000 0.53452 0.18898
ICM7 Al 19 44211 0.69248 0.15887
A2 8 4.6250 0.51755 0.18298

Note

1. The letter “I”” in front of each of the factors refers to “Importance” of that respective factor

2. Hash symbols indicate factors rated with a higher mean importance rating by the Al contrac-
tors as compared to the A2 contractors

the A1 contractors’ and A2 contractors’ views on getting the “supervision of the
client or architect to monitor the CONQUAS management workflow of the main
contractor (HRMS5)”. The reason may be because A2 contractors have not realised
the benefits of getting the client or architect to supervise and hence do not think
that they are important in influencing the CONQUAS score. On the other hand,
the much higher mean score rated by the Al contractors than the A2 contractors
seems to suggest that supervision by the client or architect may be a significant
determining factor in bringing about the higher CONQUAS scores achieved by the
Al contractors as compared to the A2 contractors. This is true to a certain extent
in the sense that clients, as employers of the main contractor, by being engaged
actively in the CONQUAS management workflow, will be able to spur contractors
to perform the quality requirements accordingly so as to result in good workman-
ship quality and high CONQUAS scores.

As a whole, since the means of almost all the CSFs of the two groups are not
significantly different from each other, the null hypothesis Hg o would not be
rejected, indicating that in general, the importance rating by A1 and A2 contractors
is about the same. Therefore, by and large, this accepts the null hypothesis Hg ¢
that the different responses received by Al and A2 contractors did not affect the
responses of the importance level of the CSFs obtained.
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6.7.2 Usage Rating

In contrast, Table 6.15 shows that for all 33 CSFs, the mean degree of usage by
the Al contractors is higher than the A2 contractors. The relatively lower levels of
CONQUAS management practices by A2 contractors as compared to Al contractors
are expected because based on their average CONQUAS scores obtained, Al con-
tractors have a higher CONQUAS score than A2 contractors in general. This result
provides some indication that there is a difference in the level of CONQUAS manage-
ment practices among contractors of different financial grade. This also reflects that
Al contractors have a higher awareness of adopting the 33 CSFs than A2 contractors.
This lack of awareness may be because A2 contractors, being financially constrained
(Campello et al. 2010), are more prone to be interested in completing the project on
time and within budget. They do not appear to care about the working system, docu-
mentation and proper CONQUAS management procedures required to attain a high
CONQUAS score. They may think that it is pointless to change their quality practices
for tasks which they have been doing every day for many years (Low 1998).

However, even within the same firm, this level of awareness may vary because
when individuals from different perspectives are put together to form the QMU, dif-
ferences in opinions of which CSFs are important and which CSFs should not be
implemented can occur (Collins 2005). Furthermore, each person may prefer to stick
to their routine method of handling workmanship quality issues. This may result
in inefficient workflow as well as poor communication within the QMU to come
together and solve problems. Hence, adequate preparation is required to assure that
the QMU will be able to manage the CONQUAS workflow effectively as a team and
periodic reinforcement is also essential in order to cement the CONQUAS manage-
ment framework throughout the entire organisation. As clarified by Ms B:

I won’t say that CONQUAS management is consistent throughout all our projects as dif-
ferent projects are made up of different teams of people who may have their own way of
doing things.

Next, out of 33 CSFs, the mean usage rating of thirteen CSFs (indicated with
an asterisk) of the two groups is statistically significantly different as shown in
Table 6.16. Again, it is observed from both Tables 6.15 and 6.16 that there is no
noticeable trend to elaborate on the results obtained. It can only be inferred that
A2 contractors have to put in much more effort and resources to implement these
thirteen statistically significant CSFs which were highly utilised by the Al con-
tractors in order to improve their CONQUAS scores. This can be explained by the
fact that the management and development requirements of Al contractors require
twelve more professionals with qualifications recognised by the Professional
Engineers Board of Singapore, Board of Architects of Singapore, and BCA-
recognised resident engineer or professional or technical personnel with relevant
qualifications, as compared to the A2 contractors (BCA 2012). Hence, A1 contrac-
tors seem to have a better team of staffs to deal with the CONQUAS management
activities, while A2 contractors do not usually employ such building professionals
to ensure good workmanship quality.
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Table 6.15 Group statistics for degree of usage

6 Results and Analysis

N Mean Std. deviation Std. error mean
UHRMI1 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
UHRM?2 Al 19 0.7895 0.41885 0.09609
A2 8 0.3750 0.51755 0.18298
UHRM3 Al 19 0.8421 0.37463 0.08595
A2 8 0.3750 0.51755 0.18298
UHRM4 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
UHRMS5 Al 19 0.2105 0.41885 0.09609
A2 8 0.0000 0.00000 0.00000
UHRM6 Al 19 0.7895 0.41885 0.09609
A2 8 0.3750 0.51755 0.18298
UHRM?7 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
USCM1 Al 19 0.8421 0.37463 0.08595
A2 8 0.5000 0.53452 0.18898
USCM2 Al 19 0.8421 0.37463 0.08595
A2 8 0.3750 0.51755 0.18298
USCM3 Al 19 0.8947 0.31530 0.07234
A2 8 0.5000 0.53452 0.18898
USCM4 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
USCMS5 Al 19 0.7895 0.41885 0.09609
A2 8 0.6250 0.51755 0.18298
USCM6 Al 19 0.8421 0.37463 0.08595
A2 8 0.3750 0.51755 0.18298
USCM7 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
USCMS8 Al 19 0.3158 0.47757 0.10956
A2 8 0.2500 0.46291 0.16366
USCM9 Al 19 0.8947 0.31530 0.07234
A2 8 0.6250 0.51755 0.18298
USM1 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
USM2 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
USM3 Al 19 0.5789 0.50726 0.11637
A2 8 0.1250 0.35355 0.12500
USM4 Al 19 0.8947 0.31530 0.07234
A2 8 0.3750 0.51755 0.18298
UMMI1 Al 19 0.3158 0.47757 0.10956
A2 8 0.2500 0.46291 0.16366
UMM?2 Al 19 1.0000 0.00000 0.00000
A2 8 0.6250 0.51755 0.18298
UMM3 Al 19 0.8947 0.31530 0.07234
A2 8 0.6250 0.51755 0.18298

(Continued)
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Table 6.15 (Continued)

N Mean Std. deviation Std. error mean
UMM4 Al 19 0.6842 0.47757 0.10956
A2 8 0.2500 0.46291 0.16366
UMMS5 Al 19 0.7895 0.41885 0.09609
A2 8 0.3750 0.51755 0.18298
UMM6 Al 19 0.3684 0.49559 0.11370
A2 8 0.1250 0.35355 0.12500
UCMI1 Al 19 0.8947 0.31530 0.07234
A2 8 0.6250 0.51755 0.18298
UCM2 Al 19 0.6316 0.49559 0.11370
A2 8 0.3750 0.51755 0.18298
UCM3 Al 19 0.4737 0.51299 0.11769
A2 8 0.2500 0.46291 0.16366
uCMm4 Al 19 0.8947 0.31530 0.07234
A2 8 0.3750 0.51755 0.18298
UCM5 Al 19 0.7368 0.45241 0.10379
A2 8 0.1250 0.35355 0.12500
UCM6 Al 19 0.2105 0.41885 0.09609
A2 8 0.0000 0.00000 0.00000
ucMm7 Al 19 0.9474 0.22942 0.05263
A2 8 0.6250 0.51755 0.18298

Note The letter “U” in front of each of the factors refers to “Usage” of that respective factor

As a whole, since the means of twenty CSFs of the two groups are not sig-
nificantly different from each other, the null hypothesis H7 o would not be rejected,
indicating that in general, the degree of usage by Al and A2 contractors is about
the same. Therefore, this accepts the null hypothesis H7 o and affirms the notion
that the different responses received by Al and A2 contractors do not affect the
usage level of the CSFs received to a large extent.

6.8 Summary of Analysis

Figure 6.8 shows the matrix diagram of the 33 CSFs identified. For the major-
ity of the CSFs, although high importance means high usage, the success of
such adoption is still unknown as some may feel that they have been successful
in practicing these CSF, but a third party may feel that they have not. This may
be the reason for contractors not being able to achieve good CONQUAS scores
as they are immersed in their current state of executing the CONQUAS manage-
ment workflow and have not reflected whether they are doing it the correct way
and successfully. To add on, it is upsetting that when contractors perceived that
the CSFs are of high importance, yet they do not adopt them. This may be due to
the lack of resources and expertise to do so but should not be an excuse for not
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Fig. 6.8 Matrix diagram of the 33 CSFs

performing as the contractors should have mulled over such problems and find the
solutions to implementing these important CSFs in order to reap the benefits of the
CONQUAS management framework.

Next, although the predictability of the regression equation is high, being
adequate to predict CONQUAS score on its own as further supported by the
interviewees, this regression model is only at its exploratory stage and hence
suggesting that it is still not of sufficient rigour yet. This is because the sam-
ple size is relatively small and there may also be insufficient variables tested
as pointed out by the interviewees. Moreover, the experience of the personnel
involved in the CONQUAS workflow, discipline of personnel, frequency or per-
centage of CONQUAS projects the firm was involved with were not taken into
account to verify whether they might also have influenced the CONQUAS scores.
Furthermore, the duration of the contract, contract sum involved, gross floor area
of the project as well as the development type might have also affected the results
obtained.

To reiterate, the hypotheses tested have given this research a boost to develop a
coherent CONQUAS management framework which interlinks the various CSFs
together. Also, regardless of the financial grade category the contractors belong to,
the proposed framework constructed for contractors to consider to achieving high
CONQUAS scores will not be affected as determined by the independent ¢ tests.
Therefore, after analysing the quantitative data and understanding the trends, the
results suggest that it is imperative to further conduct an in-depth case study to
understand the benefits in specific (qualitative) details. A pre—post case study will
be used to draw a more substantive conclusion in the next chapter.
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Chapter 7
Case Study

7.1 Outline of Company Z

Company Z was founded in 1983 and is now a reputable grade Al (general building)
main contractor headquartered in Singapore. Company Z is dedicated to provide reli-
able, timely, excellent and safe construction services to their clients. Company Z also
envisions to being the contractor of choice and aims to achieve total customer satisfac-
tion through quality construction and services, timely completion of projects as well
as provide a safe and healthy working environment. Moreover, Company Z strives
to work with passion, commitment and enthusiasm; honesty and integrity; continual
self-improvement in skill and knowledge; and excellence in reputation. Be it cash
grants, donations, sponsorships or in-kind services, Company Z has been supporting
those in need and also other worthy causes. They also participate in voluntary work
both locally and overseas by lending their knowledge and expertise as they believe in
bringing corporate social responsibility to a personal level. Company Z has consist-
ently exceeded industry norms with the aim of reducing the harmful effects from its
operations. They are committed to reducing them by evaluating their operations and
systems to ensure that they are efficient and able to achieve both quality and produc-
tivity in their work processes.

Having almost 30 years of experience, Company Z has successfully completed
an extensive range of projects worth well over S$2.5 billion including the following:
condominiums, landed properties, office buildings, shopping malls, highways, hos-
pitals, clubhouses, international resorts, embassies, hotels, churches, schools, road
works, bridges, highways, mass rapid transit or viaduct, power station structures, sew-
erage and water treatment plants, workshops and industrial buildings, as well as heavy
civil engineering works. Company Z also provides a whole range of construction ser-
vices including the following: piling and foundation, structural works, architecture
works, M&E works, interior design works as well as hardscaping and softscaping.
Company Z’s core competencies are in project management and control, coordina-
tion, detailing and design, supervision and quality control, construction site, as well
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Fig. 7.1 CONQUAS scores over the years. Source Corenet (2012)

as risk and safety management. A strong financial standing, wide network of connec-
tions and involvement in all kinds and types of projects are their core strengths.

Over the years, Company Z has garnered multiple awards in both local and
international competitions. They feel honoured to have their achievements and
efforts recognised in the form of numerous industry awards as well as by their
peers. Specifically, the BCA CEA is viewed as an important benchmark for
Company Z to work towards to enhance their work performance, particularly in
the workmanship quality management aspect (CONQUAS), which accounts
for almost 50 % in the CEA evaluation criteria. Moreover, participation in the
BCA QM for Good Workmanship Scheme will be taken into consideration for
all private residential and mixed development projects. Additional points will be
awarded for projects that have successfully completed the QM assessment, as it is
a sign of demonstrating a higher consistency in quality achievement.

7.2 CONQUAS Background

The CONQUAS score profile of all their sixteen CONQUAS 21 projects is charted
in Fig. 7.1. It is observed that Company Z’s CONQUAS score was not very sta-
ble in the beginning (year 2000) until the spike in year 2008, from 80.1 to 87.6,
demonstrating a noteworthy improvement in their construction workmanship qual-
ity standard. Following this assertion, it is reckoned that the substantially different
score profile before and after year 2008 is due to the different usage level of the
33 CSFs as underpinned in Chap. 4. Therefore, the following sections will seek to
gain a better understanding of the different CONQUAS management practices in
these two phases and to back up the results of the analysis made in Chap. 6.
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7.3 Early Period (Before Year 2002)

In the beginning, Company Z’s CONQUAS management procedures and processes
were relatively simple. There was no official quality management team set up for each
project, and there was also a great deal of uncertainty around how and who would
execute the CONQUAS management practices to assure good construction work-
manship standard. As a result, this uncertainty led to inaction as staffs were left with
a vague sense of having to do something but with no clear guidelines on how they
might carry out the work. Furthermore, subcontractors and suppliers were selected
based on the lowest cost approach and only minimal workmanship quality standard
was needed. Moreover, the format of the subcontract was simple, and sometimes,
only verbal contracts were relied upon for certain conditions. When defects were
found, corrective actions were taken, but nothing was done to prevent such instances
from occurring again, and the same practices were still used. Essentially, this did not
encourage or result in any quality improvement and effective quality policies, and
goals were absent as well. Even if Company Z repeatedly incurs additional costs due
to defects for particular trade types, they did not use this knowledge and the experi-
ence gained to include a contingency amount in future contracts for potential defects.

7.4 Transition Period (Year 2002-2008)

Continuing with such a practice in the short term may be profitable, but in the long
term, Company Z realised that this action has had detrimental effects on their ability
to deliver quality projects to their clients’ satisfaction. Thereafter, in 2002, Company
Z started to modify their CONQUAS management framework. Gradually, Company
Z grew to become a trusted partner of many of the biggest property developers in
Singapore. Company Z started to participate actively in various construction pro-
jects in and around the region. This was coupled with Company Z’s vast and diverse
experience since their inception, which gave them the necessary prerequisites to
undertake bigger and more complicated projects both locally and overseas.

But these undertakings only started to achieve recognition after years of plan-
ning and numerous adjustments to their CONQUAS management framework,
as well as the hard work put in. This may be due to the fact that the final score
would only be known at least one year later after project completion depending on
when CONQUAS assessment takes place or even up to three years depending on
the size of the project and hence slowing down the learning curve process. Out of
16 CONQUAS 21 projects that they have undertaken, nine of them have won the
CEA (three excellent and six merit), meaning that these projects have attained the
minimum CONQUAS scores for the respective category listed that year. This is an
outstanding achievement which implies that these projects have been accorded rec-
ognition by the principal consultant to the project owner, demonstrating the highest
standards of quality performance excellence in the Singapore construction indus-
try. The three “Excellent” accomplishments did not come easy and only occurred
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in years 2008, 2009 and 2011 which suggests that much time and effort have been
put in to attain excellent workmanship quality, to achieve a high CONQUAS score.
Effectively, the CEA was seen as a critical push factor to spur them to improve their
work performance and compete at the national level.

Basically, this transition started when the top management of Company Z decided
to change their existing mindset and incorporate a comprehensive CONQUAS man-
agement framework to become a part of their organisational life. It was only then can
good workmanship quality be implemented successfully to attain high CONQUAS
scores. Company Z has confirmed the usage of all the 33 CSFs pointed out in Chap.
4 as part of their renewed CONQUAS management framework, indicating that they
should be able to achieve the maximum possible score (93.4) based on the proposed
linear regression equation. This score was found to be approximately accurate to
the CONQUAS score obtained in their last two CONQUAS projects completed in
2011. Moreover, they are confident of achieving at least 90 points in their current
and future projects and have input this target score into their corporate quality policy.

7.5 Current Practices (Year 2008 Onwards)

The following will elaborate on those five major strategies which are of great con-
cern to Company Z in meeting their CONQUAS score target. These strategies also
replicate some of the CSFs identified in this study.

(1) Company Z employs various systematic problem-solving techniques.
Benchmarking is used to determine the quality performance of the built product.
Failure mode effect analysis is used to identify the causes of defects and to take
corrective actions immediately as well as experimenting with new approaches
to prevent such defects from occurring again. In particular, pre-construction
activities are mapped out with all activities being listed and charted in diagrams
to assist in the compilation of the data and to help stimulate further discussion.
The data are finally sorted into priority items so that the most important ones
received the attention that they required. Thereafter, a detailed process chart is
used, showing a breakdown of each activity, its relationship with other activities
and the constraints imposed upon it and, in addressing whether these constraints
can be removed or how they can be made easier, enabling solutions to the work-
manship quality issues to be found. Finally, once a new method of working has
been agreed, it is tested and monitored to see its effectiveness in improving the
CONQUAS performance.

(2) Company Z also learns from their own experience and past history by imple-
menting a methodology for generating feedback to engender learning in pro-
jects. This is mainly used to identify problematic trades where, for example,
there has been a high rate of defect non-compliance. Similarly, Company Z
also gains experiences through inter-organisational partnering with other con-
tractors so as to promote learning at the individual, team and organisational
level to enhance their quality performance. In addition, Company Z learns
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from the experiences and best practices of others. They have realised that
TQM has matured in the manufacturing industry, and thus, besides taking into
account the practices of the construction industry, they believe in applying the
experiences of these organisations into their CONQUAS management frame-
work to overcome the difficulties faced.

(3) Furthermore, Company Z has a list of training programmes to transfer quality
management knowledge quickly and efficiently throughout the organisation.
Staffs are encouraged to engage in training programs to raise awareness of
good industry best practices to achieve superior workmanship quality. There
are regular reviews with the QMU which are conducted to identify workman-
ship quality failures and successes of the projects and enable employees to
hear about each other’s experiences on particular projects.

(4) Company Z has also designed checklists for each trade of works to be used
at different stages of inspections, and five of these inspection checklist tem-
plates are shown in Appendix G. The use of such checklists enables them
to pay attention to all details required to achieve good workmanship quality
rather than simply relying on their experiences and memory to spot any signs
of defect non-compliance. Most importantly, the checklists used are unique to
each project to make sure that they are able to meet the quality requirements
as stipulated in the respective contracts.

(5) Lastly, on top of past coordination and relationship, Company Z only consid-
ers subcontractors and suppliers who are ISO 9001 certified as they feel that the
journey towards achieving high CONQUAS scores will require not only the full
commitment of the main contractor, but also having a basic quality culture cre-
ated externally by the subcontractors and suppliers who genuinely understand the
QMS and share similar quality values in their operations and product offerings.

In fact, Company Z also attributes their success to the Singapore government who
has been very proactive in promoting quality. Their role in supporting the quality
movement has had a positive impact in helping to inculcate quality consciousness
throughout the entire company and workers. They believe that government initiatives
have played, and will continue to play, a key role in helping the local construction
industry progress towards quality class companies. Together with the design and
implementation of several prestigious national and regional quality awards such as
the Deming Prize, European Quality Award and Singapore Quality Award, this has
spurred Company Z to do their best to achieve workmanship quality excellence.

7.6 Outcome

Using these guidelines as well as the 33 CSFs, Company Z was able to acquire
a reputation for delivering high-quality building and services as well as enhanc-
ing productivity and achieving more sustainable growth. Such an improvement to
their workmanship quality has also resulted in improved productivity and more
satisfied clients with greater loyalty, increased sales and an enhanced competitive
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position. Company Z believes in satisfying their clients to excel in today’s exceed-
ingly competitive markets. Moreover, these practices have reduced the rework
they experienced in projects from about 5 % to less than 1 % of the contract value
through effectively implementing a QA system in conjunction with continuous
quality improvement practices.

After implementing this new CONQUAS management system, Company Z has
improved its workmanship quality standard and at the same time reduced the cost
of poor quality, leading to the attainment of higher CONQUAS scores. Although it
took a few years to see significant results, gradual improvement was observed as
employees needed time to accustom to the new system. Overall, this can only be
achieved when everyone in the organisation works closely together for the com-
mon good, to maintain an upward spiral of quality and productivity gains to pro-
pel the industry to a higher level. Company Z believes that the way forward is to
change the mindsets across the entire organisation so that the renewed CONQUAS
management framework is able to take effect.

7.7 Lessons Learnt

Based on the case study conducted, this research gathered that it is imperative for an
organisation to fully understand where it wants to end up as well as appreciate where
it currently stands and how it got there before implementing a new CONQUAS
management framework. It is acknowledged that workmanship quality problems in
construction stemmed from the earlier stages in a development and that if that area
could be improved, the knock-on benefits could be substantial. From Company Z’s
experience, it is observed that the initial stages in the CONQUAS management pro-
cess are crucial to the overall performance, and hence, stages prior to actual con-
struction on site should be analysed and tackled first.

The above-mentioned descriptions have illustrated the past, present and future
outlook of Company Z’s main approach to manage the CONQUAS workflow. This
account has illustrated the importance and usage of all the 33 CSFs, particularly the
five major strategies which were brought up are found to have obtained relatively
high mean scores in both the importance and usage findings. The findings have also
revealed that the conceptual framework established in Chap. 4 is akin to the strate-
gies adopted in Company Z, and hence, it will now be justified and detailed in the
next chapter.
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Chapter 8
CONQUAS Management Framework

8.1 Model for CONQUAS Management

With the literature review and research methodology undertaken, the conceptual
framework developed at the end of Chap. 4 was shown to be constructive for use
by contractors to better determine how the 33 CSFs contribute to the attainment of
high CONQUAS scores. The CONQUAS management framework demonstrates
how contractors can develop and value-add to their CONQUAS planning before
actual construction to realise the goal of achieving a high CONQUAS score.
Hence, the following will explain how the framework was developed.

This framework is structured into a Venn diagram (Fig. 8.1) to explain the con-
cept of subset whereby all the elements of one set are contained within another
set. In this study, “Stage B—Construction Planning” is also in “Stage A—Input
Planning”, and hence, Stage B is a subset of Stage A which is denoted as B € A or
{Construction Planning} C {Input Planning}. The universal set (U) contains qual-
ity management practices which are not specific to CONQUAS management and
are not within the scope of this study. The CSFs are grouped and linked together
according to the results of the correlation analysis as far as possible.

This framework simulates from a basic construction process that transforms the
input to output. From one lower point to another higher point in the framework,
some new activities or techniques are introduced which serve to improve the work-
manship quality of construction. The inspiration of this framework comes from the
ISO 9001 Plan-Do—Check—Act (PDCA) process model which is widely accepted
and recognised. The inputs are developed based upon the design and construction
processes to assure quality in the design, in the materials and components used
and in the site procedures used for communicating performance standards, and an
effective monitoring, control and feedback mechanism set-up for the actual con-
struction to reinforce workmanship quality in the final built product. Hence, the
following sections will seek to explain the CONQUAS management framework
based on the above analysis.
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Fig. 8.1 Venn diagram—
stage B is a subset of stage A. U
Source Schumacher (2012)

8.2 Stage A: Input Planning

8.2.1 Stage Al: Human Resource Management

Firstly, the start of this CONQUAS management framework requires the active
involvement of the top management throughout the whole framework and they
must really understand the entire system and its benefits. The top management
will provide the resources for the entire model to proceed smoothly and address
any chronic problems of an urgent nature as well as provide for reward and rec-
ognition to the QMU to stimulate better workmanship quality as compared to
their past projects. As the top management kicks off the CONQUAS management
framework, there will be some intrinsic and extrinsic factors which play a part in
influencing the model from advancing to its fullest potential. To begin with, the
main contractor, as the chief party in command of the CONQUAS management
workflow, will have to make sure that their employees are well trained to form
the QMU and carry out the CONQUAS management activities effectively. Upon
benchmarking, this framework can be further developed according to the needs of
the project, based on its goals, objectives of the implementation and the nature of
the organisation. A strong commitment to workmanship quality is also required
from the various parties involved as this model progresses and continues to the fol-
lowing stages to guide the CONQUAS management strategy.

The suggested structure of a QMU follows the structure of a QCC where groups
of staff form QCCs and each member of the first level is to be the leader of the sec-
ond level and so on. The function of QCC changes during the implementation of the
CONQUAS framework from developing the model to monitoring and implementing
the system. Any difficulty should be raised and resolved in the circle so that a practical
framework particularly for the project can be achieved. Each QCC will assist in convey-
ing the top management’s mission to the lower level and provides the feedback from the
lower to the upper level to involve all staff in the process of executing this model. Staff
can be divided according to department and job function, and they are assigned with
specific tasks, and extra working load to anyone of them is avoided. The size and the
number of levels depend on the size and complexity of the project. Higher level circle
has to meet and discuss more frequent than the lower circle and at the initial stage, every
circle should meet more regularly to create an effective communication link between
the top, middle and lower level. Each circle consists of staff from the same area, and
they are accountable to perform the CONQUAS management activities to achieve good
workmanship quality standard.
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Therefore, this shows that workmanship quality performance and HRM (rated as
the most important aspect in the survey conducted) are bound tightly together which
suggests that the way people are managed is a very important determinant of success
in achieving high CONQUAS scores. Stage Al (Fig. 8.2) explains how success is
determined by a contractor’s skill in implementing the seven HRM CSFs to give it a
measurable advantage and how the top management’s commitment to developing its
people’s abilities and skills should be an obligation at all levels in the QMU.

8.2.2 Stage A2: Subcontracts Management

Secondly, it is noted that the main contractor normally subcontracts a major por-
tion of work to the subcontractor and procure materials from suppliers who report
directly to the main contractor. Subcontractors and suppliers do the actual physi-
cal construction and have a direct influence over the workmanship quality. Hence,
they have to be pre-qualified through a stringent process based on good relation-
ship and good track record for on-time completion as well as proven records to
produce good quality end product. Subcontractors and suppliers should have their
own quality programs which start from the material selection to its installation on
site. Although competitive pricing is important to decide on the subcontractor to
work with, those who have proven records in delivering quality products will be
given bonus points in the selection process. This is because only then can their
pledge to achieve a specific CONQUAS score be assured.

Furthermore, the main contractor has to avoid having too many different sub-
contractors working on site so as to involve each party with a larger proportion of
work and by having a greater interest, be more committed about the achievement
of high CONQUAS scores. This can be encouraged by awarding incentives and
imposing penalties to those who do not follow the CONQUAS management work-
flow and as a result, affected the CONQUAS scores negatively. Lastly, the con-
tractual period and contract sum have to be realistic as well so that they are able
to complete the project on time and also within an appropriate budget to produce
good workmanship quality.

Stage A2 (Fig. 8.3) shows how the nine SCM CSFs play a part in leading to the
achievement of high CONQUAS scores. Examples of the evaluation and assess-
ment criteria of the subcontractors and suppliers are also presented, and it should
be noted that Stage A2 is linked to Stage Al as people are the ones who will be
managing the subcontracts.

8.2.3 Stage A3: Schedule Management

Prior to the commencement of works, the construction schedule will have to be
arranged to indicate the timing and sequence of construction activities and the
overall completion time. It is thus crucial to employ appropriate scheduling and
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control techniques to achieve successful completion of the project within time,
budget and without disregarding safety and most importantly, to assure excellent
workmanship quality. Based on the schedule, two or more interdependent trades
such as flooring or tiling as well as plumbing and electrical works should work as
a team and ask what they need from the others to reduce damage, improve qual-
ity and boost craftsmanship (Low 1998). It is also recommended that scheduling
for phase construction is effective to allow contractors to reap the benefits of the
learning curve on workmanship quality. However, this may only be workable if
there are repetitive works so that contractors can learn from past mistakes and do
better. Adequate samples in the respective locations will have to be pre-scheduled
too so that contractors will know where the areas of greater priority are and allo-
cate resources to them accordingly. Lastly, the construction schedule should also
set the date for CONQUAS assessment so that once each section of works is com-
pleted, it can be assessed immediately as there is a high chance that deterioration
will occur as time passes due to exposure to the external environment.

Stage A3, comprising of four SM CSFs, is connected to the above stages and
completes part of the input planning stage as shown in Fig. 8.4. An example of
how schedule planning for CONQUAS management can be done is also presented.
Stage A1-A3 of the input planning is a set of requirements that should be planned
at the beginning of the project to help achieve workmanship quality throughout the
lifecycle of the project. It identifies what quality standards are required and deter-
mines how they can be satisfied. Essentially, input planning serves as a control to
ensure that quality is not compromised. If it is not followed, it may cause rework
and a delay in the project schedule.

8.3 Stage B: Construction Planning

Besides the human resources (HRM), subcontracts (SCM) and schedule arrange-
ment (SM), the input planning stage is also extended to cover the material (MM)
and construction aspect (CM) whereby the selection of building materials and con-
struction method will have to be discussed to identify the most suitable and practi-
cal way to carry out the works in Stage B. The QMU should be trained to follow
these systematic procedures in Stage B with the objective to ensure that the incom-
ing materials are purchased, manufactured, delivered and installed when required,
in the right quantities, right time and correct place. Essentially, construction plan-
ning is a set of inter-related internal sub-processes, each of which contributes to
the overall process to deliver the final built product to the utmost workmanship
quality standard.

It is suggested that the project manager will commence the construction plan-
ning with the process of selecting suitable materials which covers the QA obliga-
tion of the supplier. Any action affecting the workmanship quality performance
should also be included. Next, review of shop drawings is essential to help the
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construction team mentally visualise the construction process before actual work
commences. Details of the shop drawings will also have to be checked to ensure
that it satisfies workmanship quality requirements. In addition, updated informa-
tion is vital to make sure that the construction elements are constructed accord-
ing to the right and latest drawings and information. Submittals are the basis for
determining work conformance and adherence to design intent (Demkin 2008).
This is vital because if project submittals were not required, it would be diffi-
cult to determine whether the construction conforms to the design intent until the
work is in place.

Next, once materials are confirmed and delivered, it is critical to conduct an
inspection as a pre-construction requirement to ensure that the material is accept-
able and conforms to specifications. This inspection process also handles the mate-
rial storage upon delivery with the primary aim of preventing and detecting any
non-conformity before actual construction to ensure better quality of the final
built product. At the same time, the materials should also comply with recognised
standards and for some components, these have to be tested by an ITA before pro-
ceeding. Using this model, demonstration of a subcontractor’s and supplier’s capa-
bility to design, supply and construct the product primarily aimed at preventing
non-conformity at all stages from design through to servicing can be affirmed as
well.

The construction plan has to cater for conducting field demonstration and
constructing mock-ups as far as possible for all trades to assure that the ultimate
workmanship quality will be good. If the field demonstration and mock-ups do
not pass the quality requirements, the process goes back to the previous stages
depending on what the problem is. Only if the field demonstration and mock-ups
meet the quality requirements can actual construction works be approved and
constructed with protection thereafter before moving on to the following stages.
Attention has to be given to protect the constructed components because of the
need to avoid any form of damages while other works are still on-going to prevent
the final workmanship quality from being affected.

So far, the above construction planning inputs adopt a predictive or preven-
tive approach, but once actual construction is completed, the only way to improve
the workmanship quality is a corrective approach. Although it would be perfect
if workmanship quality is achieved without utilising any corrective actions and
simply by assuring that the predictive and preventive processes are carried out in
the right way, such instances are rare. It is noted that occurrence of defects and
reworks will still be lower upon executing the previous stages and is critical to
achieve zero defects (Ong 1997). Hence, the corrective approach is still essential
to improve the probability of success in attaining excellent workmanship quality
and a high CONQUAS score.

Preparatory inspections at every stage of the works have to be used as a tool
to determine whether the component should be accepted or rejected based on
the specified requirements. If works to some location are not carried out accord-
ing to the requirements and is allowed to proceed with the following works,
then it will be more expensive to rectify later. For example, if the vibration for
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compaction during concreting is not properly done, honeycombing would be
found when the formworks are removed. Hence, preparatory inspection should
be a standard pre-inspection procedure before the final inspection and ide-
ally, cross-checking by a third party is also recommended for further scrutiny
to maximise the workmanship quality performance and get ready for the actual
CONQUAS assessment.

When defects or any components that do not perform to the accepted level
are found, it should be placed as a top priority to be rectified immediately to
prevent the non-conformity from worsening. The cause of the problem has to
be identified as well, with actions taken to prevent recurrence, for example, by
changing relevant practices to improve subsequent workmanship quality. This is
because any defect found and rectified at the early stage is less costly and time
effective to align the internal construction sub-processes to an acceptable level.
Moreover, as workmanship quality problems frequently originate from earlier
minor ones, any unaccepted works will have to be rectified before the later
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activities can continue. For example, concreting works are to be inspected to
ensure that elements such as reinforcement, formwork and so on are in the right
quantities and placed in the correct way. Through this method, serious defects
will be reduced and the overall workmanship quality can be improved from the
earlier stage.

Stage B is a subset of Stage A as it should also be done during the input
planning stage before the construction phase begins as well as throughout the
entire construction period. Regardless of the approach taken, it is shown in
Fig. 8.5 that these six MM and seven CM CSFs provide many opportunities for
contractors to work on their route towards the achievement of high CONQUAS
scores even during the construction phase. An example of how concrete works can
be planned is also given as part of the construction planning model. In particu-
lar, the first table shown provides a basis for knowing the time frame for quality
materials to be approved so as not to delay the construction schedule and affect-
ing the workmanship quality of the final built product. Therefore, each submittal
needs to be reviewed and processed in a timely fashion, with sufficient time for
dealing with resubmission, if necessary to ensure better quality performance. It is
also noted that having a clear understanding of the quality requirements is critical
in order to detect any form of non-conformance accordingly to further improve on
and ensure excellent workmanship quality performance.

8.4 Output of the Framework

With the application of these 33 CSFs, workmanship quality of the construction
works can be assured to a higher expectation level. The complete CONQUAS
management framework will help contractors not only in assuring the qual-
ity of the final built product through systematic procedures, but it also helps
in improving the reputation of the organisation who achieve high CONQUAS
scores eventually. In return, this will also help the firm to secure more construc-
tion jobs in the future.

Besides high CONQUAS scores, continuous improvement is another funda-
mental benefit of the CONQUAS management framework which is also seen
in Deming’s cycle of PDCA, having a culture of never-ending improvement.
With strong commitment to constantly work on identifying gaps in workman-
ship quality performance and developing the right strategies for closing them,
the best construction practices can also be achieved. Feedback loops should
be available to document and escalate any quality matters to the top manage-
ment to share such knowledge on a company level. Opinion can be taken from
the subcontractors and client as well. These feedbacks and information should
be analysed carefully to seek further improvement by identifying elements of
previous projects which have shown a high rate of quality non-conformance.
This provides useful data for use in future CONQUAS projects to enhance the
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CONQUAS management framework as well as avoid common pitfalls and abor-
tive effort.

All in all, the above have explained the grounds for the entire company and
industry as a whole to always be engaged in utilising the CONQUAS manage-
ment framework (Fig. 8.6) to satisfy the goal of attaining high CONQUAS
scores. In the process of moving from one stage to another stage, the manage-
ment of workmanship quality will get better. In fact, this framework has adopted
three quality management approaches, namely quality by design, quality by pro-
cess control or assurance and quality by inspection (Ong 1997). It begins from
intelligently designing quality into the whole construction process to the pro-
cess-oriented views of controlling the quality characteristics of the components
with a reference as well as effecting a fixed quality procedure throughout this
process and finally, performing simple inspection of the finished components
for elimination of defects and if deviations from the desired state are detected,
taking remedial action to reinstate the targeted workmanship quality level.
Dotted lines are used to enclose the framework to signify that they are subsets
and actually originate from the universal set of quality management practices as
described.

8.5 Application

To start with, this framework can first be developed at a company level and then
a few projects can be selected as pilot projects for implementation. The projects
selected are preferably of diverse nature but should consist of a well-trained and
committed project team to execute the implementation process of the frame-
work. This framework should be implemented during the early phases of the
construction project for it to take effect. Furthermore, it is necessary to ensure
support from the subcontractors, suppliers and various stakeholders of the pro-
ject. The main contractor should also be ready with targets for workmanship qual-
ity improvements so that the subcontractors and suppliers do not view the entire
framework as one-sided. Subsequently, an improvement in the CONQUAS score
obtained will prompt the entire construction industry in Singapore to adopt a simi-
lar model. Lastly, it is also essential to make sure that staffs do not lose enthusiasm
throughout when operating the entire framework.

8.6 Validation of the Framework

This framework is developed based on the literature study and survey findings.
A quality assurance manager, an engineer and a quality practitioner were inter-
viewed to evaluate the practicality of the CSFs and to get their comments on the
feasibility of a CONQUAS management framework. They have been involved in
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various projects in the local construction industry for about 4—15 years and can be
considered as fair representation because they are the ones who directly manage
CONQUAS. Each interview took about one to two hours long because of the need
to explain the objective of this research and the proposed model to them. All inter-
viewees and respondents knew about the importance of the 33 CSFs beforehand but
do not want to or do not know how to implement them effectively, or do not have
the appropriate resources and expertise to do so or were constrained by the client’s
demands.

Generally, understanding of this framework was rather straightforward but it still
has to be tested in the local construction industry for further validation. It is foreseen
to be easy to apply which is a very important consideration as the main group who
would be operating it is the QMU, and ease of use is needed to ensure better coopera-
tion from other parties as well as site personnel. It is also flexible to mesh in with dif-
ferent circumstances and meaningful to the achievement of high CONQUAS scores.

Although this framework was commented by the interviewees to be practi-
cal and useful for full-scale implementation, it requires time to educate and train
the people involved to implement such a new structure effectively. Moreover, this
framework is still not fully investigated for its practicality because the sample size
was limited to the main contractors. Other stakeholders of the project have not
yet expressed their concerns about their role in the framework. With that, the next
chapter will wrap up this research study with the conclusion.
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Chapter 9
Conclusion

9.1 Discussion of Main Findings

On all counts, this research has addressed the workmanship quality problems of the
structural, architectural and M&E components and introduced suitable CONQUAS
management techniques by referencing to quality management concepts to introduce
a CONQUAS management framework. All the three objectives identified in Chap. 1
were achieved in this research through various methods including literature review,
questionnaire surveys, interviews and a case study. The data obtained were also ana-
lysed, and the following describes the conclusion reached.

9.1.1 Objective 1: To Examine the Development of CONQUAS

As it was revealed that much could be done to improve the CONQUAS scores, the
detailed CONQUAS scheme and its trend were discussed in Chap. 2 where this
research has highlighted some important problems.

(1) The need for CONQUAS to be reviewed periodically due to changes and
development of construction technology so that the standard can sustain pre-
sent trends in the industry.

(2) The fact that a greater number of structural samples are required for non-housing
projects which led to better CONQUAS performance for housing projects in the
structural component. Comparatively, the number of M&E samples required is
low, and hence, the M&E component will be able to score better than structural
and architectural works on average. As a result, a greater number of architectural
samples are required for housing projects which led to better CONQUAS perfor-
mance for non-housing projects in the architectural component.
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In addition, as the architectural component accounts for at least 55-65 % of
the CONQUAS score depending on the category of building it belongs to the
attainment of high CONQUAS scores is very well limited by this component.
The need for actual construction erection to be planned to conform to the con-
tractual requirements (downstream quality management activities) as well as
receiving adequate specifications of the design drawings and material infor-
mation (upstream quality management activities).

9.1.2 Objective 2: To Investigate the Application of QMS to

Manage CONQUAS

The concept of a QMS was defined in Chap. 3 with emphasis on particular push
and pull factors in carrying out the application process.

ey

@
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“)

Quality management will improve the level of satisfaction on workmanship
quality (Ong 1997). However, it is misunderstood that the implementation of
quality management will increase the total final cost and prolonged the pro-
ject’s duration while some are still unsure about the advantages of quality
management. But in fact, the high cost of non-conformance can be minimised
through proper quality management. This indicates that there can be great
possibility of cost savings through quality planning.

Resistance towards greater implementation of quality management in the
construction industry stemmed from the lack of support from the clients such as
limited time given to complete the project. Contractors often have to work over-
time to speed up the construction which affected the quality of the construction
works. Frequent changes to the works were also one of the main causes of pro-
jects being unable to attain excellent workmanship quality. In spite of that, it is
vital that contractors remain driven to find better ways of implementing a formal
QMS to improve their workmanship quality. Clients will also have to improve
their ability to supervise the works as well as to control the construction quality.
A quality management programme is essential for the implementation of suc-
cessful QA practices and the application of QC. Even so, in order to effec-
tively implement quality, people must understand what quality is and how it
benefits everyone. It is the leadership responsibility to lay the foundation and
support a quality culture within an organisation.

Site personnel are generally poor in quality management techniques, commu-
nication and project planning skills. Hence, it is important for the top man-
agement to devote more attention to emphasise on doing things right the first
time to them in order to effectively apply quality management practices to
CONQUAS and for results to be achieved on site.
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9.1.3 Objective 3: To Identify CSFs for Achieving High
CONQUAS Scores

This objective is achieved by the literature search as described in Chap. 4 and ana-
lysed in Chaps. 5, 6, 7 and 8. Based on the above facts, it was gathered that quality
management techniques (universal set) are in fact applicable to CONQUAS man-
agement (subset). Hence, this research has taken the approach of introducing CSFs
which are significant in helping to achieve high CONQUAS scores and activated
the CSFs into a CONQUAS management framework. Besides that, examples were
also given to illustrate the implementation process in the framework. Although
these CSFs are known to them, the extent of adoption is still not high and this may
be due to the lack of awareness of their importance as well as limited financial
capacity and experienced manpower to implement them to attain high CONQUAS
scores. It is also important to note that such quality movement has to be sustain-
able so as to bring about the essence of the evolution of CONQUAS, to produce
better workmanship quality together with changing trends in the industry.

The inputs of great significance in the CONQUAS management framework are
highlighted as follows:

e The CONQUAS management framework has to be initiated from the top man-
agement level, and all stakeholders have to play a part in the implementation
process under close supervision of the top management as well as the client
through QCC. This serves to guide the lower levels to execute the CONQUAS
management activities effectively.

e The lack of knowledgeable and skilled staff which led to unacceptable construc-
tion quality is a sign that relevant trainings are essential to equip all personnel
with the respective technical know-how to manage the construction quality effi-
ciently. Training is very important to prevent poor utilisation of the framework
which may lead to inefficient methods of managing the quality of a project. This
will enable them to be more involved and concerned of the workmanship qual-
ity rather than simply focusing on the progress of the project and fully relying
on aftermath inspection process.

e It is also noted that factors under the construction planning stage ought to be
started as soon as a QMU is formed to prevent workmanship quality problems
from surfacing before actual construction and to correct workmanship quality
defects before CONQUAS assessment.

Therefore, it is viewed that the proposed CONQUAS management framework will
provide contractors with a step-by-step guide from the very beginning, from no qual-
ity management at all towards the achievement of total quality construction. This
framework defines a construction process as the transformation of a set of inputs
(information, material, equipment and labour) into output (good workmanship
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quality). In the process, works will undergo inspection and is accepted or rejected
and rectified before delivery to the next party involved. Besides that, all works are to
be carried out according to the correct way accumulated from past experiences. It is
also essential to constantly identify gaps in quality performance and develop the right
strategies for closing them through continuously implementing the best construction
practices in order to close the gap between the high- and low-performing contractors.

9.2 Validation of Hypotheses

To sum up, it was found that the following seven hypotheses were accepted:

(1) Alternate Hypothesis, Hy1: The more important the CSF is, the greater the
influence it has on the CONQUAS score than CSFs which are not as important.

Null Hypothesis Hj o was rejected, indicating that there are different important
elements (Features and Basic Attributes) that allow certain firms to achieve higher
CONQUAS scores than the rest. Hence, these 23 “Features” which are much more
critical than the remaining ten “Basic Attributes” should be given additional atten-
tion in order to ensure that these 23 CSFs are put into action to materialise the goal
of achieving a high CONQUAS score.

(2) Alternate Hypothesis, Hy.1: The higher the adoption of the CSFs, the greater
the resultant CONQUAS score will be than when the CSFs are not adopted.

Null Hypothesis H o was also rejected, meaning that the different usage level of
the CSFs in the CONQUAS management workflow allows certain firms to achieve
higher CONQUAS scores than the rest. Hence, those five CSFs with low-usage
level and are rated as “Features” should be taken note of as disregarding them will
result in a greater effect on the CONQUAS scores.

(3) Null Hypothesis, Hzo: The extent of variation of the usage level of the CSFs
cannot be attributable to the variation in its importance rating.

Null Hypothesis Hz ¢ was not rejected, meaning that the higher importance level
of the CSFs in the CONQUAS management workflow does not necessarily result
in higher usage level of the CSFs. The main reason for this phenomenon is due
to the limited resources that contractors have which compete with other needs of
the project such as the time, manpower and cost required to take the extra mile to
implement these CSFs to realise the benefits of good workmanship quality which
may not be successful after all the effort put in.

(4) Alternate Hypothesis, Hy.1: The importance level of each of the CSFs is cor-
related to the importance level of other CSFs.

Null Hypothesis Hs o was rejected, meaning that the higher importance level of a
particular CSF will lead to a higher importance level of the respective CSFs and
vice versa. This has been validated in view of the understanding that a moderate
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linkage can be drawn between them, especially those under the same category,
which justify the design of the proposed CONQUAS management framework,
grouping the CSFs under the same category together.

(5) Alternate Hypothesis, Hs 1: The extent of adoption of each of the CSFs is cor-
related to the extent of adoption of other CSFs.

Null Hypothesis Hs o was also rejected, meaning that the higher usage level of
a particular CSF will lead to a higher usage level of the other respective CSFs
and vice versa. This suggests that the CSFs are actually inter-related and largely
dependent on each other in order to assure the successful progress of the entire
CONQUAS workflow.

(6) Null Hypothesis, He o: The responses received from Al contractors do not dif-
fer from A2 contractors with regard to the importance level of the CSFs.

Null Hypothesis Hgo was not rejected, meaning that there is largely no distinc-
tion in the responses received from Al to A2 contractors with regard to the per-
ceived level of importance of the CSFs. It could be reasoned that Al contractors
can undertaken projects up to S$150 million, while A2 contractors’ tendering limit
is only S$65 million, and hence, Al contractors may also be as financially con-
strained as the A2 contractors and may be in the same situation which A2 contrac-
tors face when managing the CONQUAS activities.

(7) Null Hypothesis, Hyo: The responses received from Al contractors do not dif-
fer from A2 contractors with regard to the extent of adoption of the CSFs.

Just as what has been explained in Hgo, Null Hypothesis H7 o was also not
rejected, signifying that there is largely no difference in the responses received
from A1 to A2 contractors with regard to the degree of usage of the CSFs.

9.3 Implications to the Industry

Prior to this study, there was little research dedicated to CONQUAS management
in the local construction industry, and none that studied on the importance rela-
tionship and extent of adoption relationship. This study will help industry profes-
sionals understand the importance of the 33 CSFs in construction and enhance
their workmanship quality through implementation of a CONQUAS management
framework, comprising of inputs from human resource, subcontracts, schedule,
material and construction planning.

Although this framework for use by contractors downstream has been developed,
no model which associates how exactly designers upstream should act has been con-
ceived. Nevertheless, this framework will still be able to allow better understanding
of how the 33 CSFs can lead to higher CONQUAS scores and to aid in the identifi-
cation of potential key factors which designers can contribute as well and eventually
leading to overall higher workmanship quality standard at the national level.
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For this to happen, BCA has to play a role in raising awareness of the benefits
of using this framework. Moreover, the employment of these CSFs as CONQUAS
management practices is not only a solution to workmanship quality problems.
Many problems such as the safety of the projects whether under construction or after
completion, late delivery, higher final cost and accidents during construction can be
minimised as well. When clients are aware of the CONQUAS management work-
flow, they should then be able to understand and work together with the project team
to enhance the CONQUAS score and yet not downgrade on their quality demands.

However, the output of a high CONQUAS score is only based on meeting the
specification requirements as indicated by the consultants and may not truly rep-
resent the workmanship quality requirements of the client. Therefore, it is impor-
tant to get the involvement of the client in the QMU to participate in the process
of monitoring the CONQUAS management workflow to assure that the work-
manship quality stipulated will also satisfy their quality expectations. Although
this CONQUAS management framework is still relatively new, the concepts are
derived from recognised quality management techniques (universal set), and
hence, it is believed that with active implementation, this framework will become
an important ubiquitous quality manual for contractors in time to come.

9.4 New CONQUAS 2012 Requirements

However, it should be noted that as the latest eighth edition of CONQUAS was
released on 31st October 2012 which came about mid-way during this study,
hence the new requirements were generally not included in this study. Similarly,
this eighth edition has undergone numerous consultations with industry partners
and practitioners, data collection and analysis to establish a framework to enable
the CONQUAS standard to keep pace with current practices in the industry. In
fact, the main intention of the CONQUAS eighth edition is in line with the scope
of this study, which is to promote the achievement of higher CONQUAS scores.
The eighth edition emphasises on the promotion of design and materials, which
support both quality and productivity at the same time, to the achievement of higher
CONQUAS scores. Bonus points are now given to projects to encourage the use
of designs and materials which lead to higher quality and productivity. Thus, there
will be better quality which means higher CONQUAS score for projects with build-
able design and better material choices. In addition, a maximum of 1.5 architectural
bonus points will be awarded to projects subjected to the QM scheme based on the
average QM unit score and overall water ponding test passing rate achieved in the
QM calculation. Furthermore, a full CONQUAS point will be awarded for employ-
ing a certified CONQUAS/QM Personnel. This will help to improve the CONQUAS
score with the expertise and inputs of a CONUQAS-certified manager or supervisor.
Next, the eighth edition intends to optimise the value of the CONQUAS stand-
ard. Although higher CONQUAS scores generally reflect better workmanship, there
is a diminishing return effect when the scores reach the higher limits. More effort is
required to achieve the higher score without a marked corresponding improvement in
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observed quality. Besides, some developers and builders compete to achieve the high-
est CONQUAS score possible often at the expense of increased manpower. To prevent
this, the CONQUAS score is now capped at 95. Any project scoring 95 and above will
be rated as “CONQUAS STAR”, and its score will not be published in BCA’s website.
This will deter the setting of high target scores above 95 points which will result in
inefficient use of resources and thus reducing productivity (BCA 2012a, b).

In addition, it is understood that the majority of defects complaints concern fin-
ishing works due to the fact that architectural trades are more visible to end-users
as compared with structural works. Hence, in order to align CONQUAS standards
to end-users’ expectations, the eighth edition has increased the scoring weightage
by 5 % on architectural works and reduced by a similar percentage for structural
works. Furthermore, a study and data analysis revealed that end-users are more
concerned with floor and wall elements among the architectural trades, particu-
larly cracks and damages and unevenness. Hence, the weightages of the quality
standards for these elements have also been adjusted accordingly to closely better
reflect end-users expectations.

Moreover, developers and builders can now monitor the workmanship qual-
ity of their projects with a new mobile application introduced by the BCA. This
CONQUAS application is part of BCA’s efforts to make CONQUAS or QM infor-
mation easily accessible to industry professionals and even homeowners who are
“on the move”. There are three main unique features in this application which
are not available online. Firstly, tips are provided to prompt users on defects that
are frequently made by contractors. Secondly, users can monitor the workman-
ship quality of their on-going projects using the calculator to immediately gen-
erate a score based on different editions of CONQUAS. This check can be done
before the actual CONQUAS or QM assessment by BCA. Thirdly, the CONQUAS
checklists will provide users with a ready guide to prepare for CONQUAS assess-
ment and improve the contractor’s productivity.

All in all, such continual improvement made to CONQUAS drives the con-
struction industry towards better built quality and productivity using fewer
resources—time, cost and manpower to achieve improved workmanship quality
together with productivity.

9.5 Limitations and Challenges of Study

Besides the exclusion of the CONQUAS eighth edition as a limitation, the results
of this study may only be considered as exploratory since it was not implemented
in reality and hence could not be truly accounted for and any anomaly observed
may be explained by the following:

e In the construction industry, there are many dynamic variables which will
affect a construction project. Thus, any changes to the workmanship quality or
improvement to the CONQUAS score cannot be totally attributed to implemen-
tation of the CONQUAS management framework.
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e The construction process involves various stages with various processes per-
formed by different groups of people. Hence, it may be oversimplified that the
subcontractors and clients and even internally where staff come from different
disciplines will be easily convinced of the need to implement the 33 CSFs to
achieving high CONQUAS scores.

e Although the CONQUAS management framework is adaptable according to spe-
cific project circumstances based on the quality objectives, it is limited as main
contractors are often appointed only after the completion of all detailed design and
this means that the main contractors do not have a chance to be involved or to con-
tribute useful ideas to the design team to develop a high quality, productive and
practical design concept to assure workmanship quality right from the design stage.

e The application of the CONQUAS management framework serves to satisfy
specifications requirement to achieve good workmanship quality but what the
client’s actual quality demands are may not be satisfied. This only implies that
contractors are able to meet the requirements established by the consultants and
not from the end-users who probably should have the final and ultimate decision
to say whether the expected workmanship quality standard has been fulfilled.

e As observed, some CSFs were deemed as unimportant in the survey, but litera-
ture findings have shown the positive impact of them. Hence, more research will
have to be done to quantify the actual effect to the CONQUAS score. This may be
due to the fact that the sample size of 38 respondents is still considered relatively
small with a case study of only one company. Thus, the general trends captured in
the survey and case study analysis may not be considered representative enough.

9.6 Recommendations for Future Research

An extensive and in-depth research can only be carried out by having full collabo-
ration from industry partners and BCA to seek more information to develop more
accurate results to be fully utilised and to promote workmanship quality aware-
ness in the local construction industry. In addition, if time is not a restriction, this
research will like to suggest the following for future study.

(1) The proposed CONQUAS management framework can be improved by
appending a series of detail guidelines to further elaborate on the steps to be
taken. A similar model can also be developed for use in consulting firms and
client-based organisations to promote project-wide CONQUAS management.

(2) Besides improving the CONQUAS score, a thorough study on the benefits,
practicality as well as difficulties in implementing the CONQUAS manage-
ment framework can be determined to further enhance its potential. The
research may also look into the time, cost and manpower changes in conjunc-
tion with the implementation of the CONQUAS management framework and
probably the effect on each CSF, respectively. Benefits of this framework with
regard to construction can also be included to assist industry professionals in
justifying the adoption and practice of the proposed framework.
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(3) A mechanism for benchmarking the CSFs in the local construction indus-
try can be developed. This will be particularly useful to BCA as the centre
of information in construction. Data such as the set of CSFs implemented
and the actual CONQUAS scores obtained can be uploaded for the indus-
try reference. Longitudinal case studies of a few projects of different build-
ing types can be conducted to test and verify the effectiveness of the CSFs to
improve CONQUAS scores. This is to develop a measuring system to quan-
tify the quality level of constructed works by capturing the CONQUAS scores
obtained. For example, how exactly the application of pre-fixing CONQUAS
sample locations affected the CONQUAS score.

(4) Currently, there is IQUAS which showcases the commonly encountered non-
compliances. Hence, it is recommended that studies can be conducted to
determine and quantify the exact reduction of CONQUAS scores with the par-
ticular nonconformities identified.

9.7 Concluding Remarks

To sum up, this research has showcased the means to the achievement of high
CONQUAS scores. The proposed CONQUAS management framework is pre-
dicted to be of great value to contractors and will certainly have a great snowball
effect on promoting the significance of having good workmanship quality. Even
with such a defined QMS in place, contractors should still work towards continu-
ous development, implementation and maintenance of the framework to keep pace
with the changing quality trends in the construction industry.
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Appendix A: Survey Questionnaire

Survey on the critical success factors to achieve high CONQUAS scores
Dear Sir

I am a final year student from the National University of Singapore currently
working on my final year project. The objective of this survey is to examine the
factors to achieve high CONQUAS score and would sincerely appreciate your val-
ued input. Please be assured that all data will be used for purely academic purpose
and will remain strictly anonymous. Feel free to contact me for any queries.

Thank you very much for your participation.

Regards
Joy Ong

Section 1: General Information of Respondent
About how many years have you been in the construction industry?

Please indicate (V) the Financial Grade (general building) of your company:

Al
A2
B1
B2
Others:

Please indicate (V) your designation:

Project Manager/Director

Technical Manager/Director
Quality Assurance Manager/Director
Others:
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Section 2: Importance Level of Factors

In your personal opinion, please rate the level of importance of these factors
in influencing the CONQUAS score, where:

1 = Negligible

2 = Unimportant

3 = Neutral

4 = Important

5 = Extremely important

Human Resource Management Importance
Rating

Formation of a Quality Management Unit (QMU) with clear guidelines of each
member’s roles and responsibilities for every project

Commitment of top management to advance the CONQUAS management
performance

Getting the support and cooperation of employees

Training employees to understand CONQUAS requirements

Supervision by the client/architect to monitor the CONQUAS management
workflow of the main contractor

Comparing company-wide CONQUAS performance track records

Setting a benchmark to gauge and control the CONQUAS performance
Subcontracts Management Importance
Rating

Controlling the number of subcontractors working on the project

Having a rigorous pre-qualification process to select subcontractors and
suppliers

Ensuring the skill level of labourers

Collaborative efforts between subcontractors and main contractor

Adequacy of contract period and contract sum

Identifying a specific CONQUAS score that the subcontractor is liable for
achieving

Awarding incentives to subcontractors if their targeted score is met

Imposing a penalty to subcontractors if their targeted score is not achieved
Giving clear instructions to the subcontractors on how to adhere to the
CONQUAS requirements

Schedule Management Importance
Rating

Pre-fixing of CONQUAS sample locations (applicable to structural components
only)

Adequacy of sample locations prepared in the event of unforeseen site
conditions to serve as a backup

Arranging for phased construction to reap learning curve on workmanship
quality

Booking of assessment schedule to tie in with site progress

Materials Management Importance
Rating

Choose materials through a comparison process, considering their specifications
and samples to be provided as well
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Select materials which can be better managed during construction

Inspect materials upon delivery

Proper materials handling and storage

Protection of materials after completion of that portion of works

Sample testing of materials through an Independent Testing Agency (ITA) to
check for proper usage of materials

Construction Management Importance
Rating

Ensuring that shop drawings are checked thoroughly before actual construction

Constructing mock-ups to check for implications with other trades of works

Field demonstration by labourers to showcase their understanding of the
workmanship quality required

Conducting preparatory inspection using template checklist at every stage of
work activity

Using recognised testing standards to check for non-compliance during
inspection

Cross-checking by another party (e.g. another supervisor, other subcontractors,
client, architect, etc)

Adherence to reporting and follow-up procedure of defects before CONQUAS
assessment

Section 3: Extent of Adoption of Factors

From the list of factors (below) that may influence the result of

achieving

high CONQUAS score, please put a tick (v/) in the box if your firm is using
such an approach or a cross (X) if your firm is not using such an approach, to

manage CONQUAS in most of your projects.

Human Resource Management

Formation of a Quality Management Unit (QMU) with clear guidelines of each
member’s roles and responsibilities for every project

Commitment of top management to advance the CONQUAS management
performance

Getting the support and cooperation of employees

Training employees to understand CONQUAS requirements

Supervision by the client/architect to monitor the CONQUAS management workflow
of the main contractor

Comparing company-wide CONQUAS performance track records

Setting a benchmark to gauge and control the CONQUAS performance

Subcontracts Management

Controlling the number of subcontractors working on the project

Having a rigorous pre-qualification process to select subcontractors and suppliers

Ensuring the skill level of labourers

Collaborative efforts between subcontractors and main contractor

Adequacy of contract period and contract sum

Identifying a specific CONQUAS score that the subcontractor is liable for achieving

Awarding incentives to subcontractors if their targeted score is met

Imposing a penalty to subcontractors if their targeted score is not achieved

Giving clear instructions to the subcontractors on how to adhere to the CONQUAS
requirements
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Schedule Management !

Pre-fixing of CONQUAS sample locations (applicable to structural components only)
Adequacy of sample locations prepared in the event of unforeseen site conditions to
serve as a backup

Arranging for phased construction to reap learning curve on workmanship quality
Booking of assessment schedule to tie in with site progress

Materials Management
Choose materials through a comparison process, considering their specifications and
samples to be provided as well

Select materials which can be better managed during construction

Inspect materials upon delivery

Proper materials handling and storage

Protection of materials after completion of that portion of works

Sample testing of materials through an Independent Testing Agency (ITA) to check
for proper usage of materials

Construction Management -
Ensuring that shop drawings are checked thoroughly before actual construction
Constructing mock-ups to check for implications with other trades of works

Field demonstration by labourers to showcase their understanding of the
workmanship quality required

Conducting preparatory inspection using template checklist at every stage of work
activity

Using recognised testing standards to check for non-compliance during inspection
Cross-checking by another party (e.g. another supervisor, other subcontractors,
client, architect, etc)

Adherence to reporting and follow-up procedure of defects before CONQUAS
assessment

THE END.
THANK YOU FOR PARTICIPATING.
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This is an interview transcript with Mr A on the 20 November 2012, 10 a.m., at the
interviewee’s office. The interviewer shall be referred to as “J”.

Begin Transcript:

J: Hi, as per our email conversation, my research topic is on the critical success
factors for achieving high CONQUAS scores by contractors. Can you share
with me on your company’s approach to managing CONQUAS projects?

Mr A: We focus a lot on planning and ensuring that what is being planned can be
realised on site. Our approach is more towards working hard on human resource
management to achieve a high CONQUAS score as far as possible. Most of
the time, the influencing factor for achieving high scores will be management
support, awareness on importance of achieving target, site staff awareness,
understanding the scoring system, penalties, regular site inspection and close
monitoring of progress and scores. So, we work harder on these areas and at the
same time will ensure that other factors affecting the CONQUAS scores are not
neglected.

J: I noted that achieving high scores comprises of many factors and based on the
mean importance rating gathered of these 33 critical success factors (pass paper
to him), do you think that those higher ranking factors support your views on
the strategies to managing CONQUAS?

Mr A: Hmmm...not really...I don’t think that the higher mean importance rat-
ing means that contractors will input them as part of their strategies to achieve
high CONQUAS scores. Yes, many a times, main contractors, sub-contractors
and site staff do understand the importance, but when it boils down to prac-
ticing what they preach, it is a totally different mindset. So the policing part
comes into play and how the QA guys do their inspection and how well the
sub-contractors cooperate.

J: Do you have any comments with regards to these 33 factors in ensuring a high
CONQUAS score?

Mr A: For the formation of a QMU with clear guidelines of roles and responsibili-
ties for each member, it is also important that this QA or QC site team consists
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of personnel who are responsible for fine tuning or touching up to prepare the
area prior to inspection. Therefore, besides the inclusion of personnel from
our company, we will also include the site supervisor of each subcontractor’s
firm in this QMU. Also, I think that there may be other external factors such as
the experience of the site team in managing CONQUAS, the discipline of the
people involved and maybe the requirements of the projects. But generally, if a
company is able to achieve all these 33 CSFs successfully, I think that achieving
a score above 90 is not a problem.

: So, are you surprised with the mean importance rating of any of these factors,

whether they contradict with your viewpoint?

Mr A: Somehow, the relatively low ranking of the adequacy of sample size pre-

J:

pared for inspection is not as important seems to be a common misconception
among contractors. Although the minimum number of sample to be pre-
pared is as indicated in the CONQUAS standards, based on my experience,
the CONQUAS scores tend to be better if the entire block is ready for inspec-
tion. But in reality, this may be hard to achieve due to schedule issues and it is
common that at most, only half of the block is ready and this may leave a poor
impression to the assessors in general.

I have came out with an equation for contractors to use in estimating their
CONQUAS scores based on the factors that they decide to implement in their
project. (Pass paper to him)

Mr A: Oh...this is something new to me.

J:

Basically, based on my statistical analysis, only 21 factors are found to be sig-
nificant in predicting the CONQUAS scores which means that the result of
the other factors happens only due to chance and hence, have to be rejected.
However, this is only based on responses received from 38 respondents and just
the 33 critical success factors identified. What do you think about it?

Mr A: 1 see. This is interesting. Let’s do a test to this now (Takes out calculator

and starts calculating). I have included those factors which we will definitely
implement in all of our CONQUAS projects and the predicted score is a little
lower than what we have actually obtained on average in the recent 3 years or so
(Refer to equation below). Your equation may not be representative yet as there
may be other external factors mentioned although the impact may be minimal.
But to truly get results that represent industry-wide, it may be essential to gather
responses from more contractors’ firms; maybe at least 100 responses would be
adequate to get an equation which is more credible.

Predicted CONQUAS score = 75.117 + 1.014 (HRM1) + 1.164 (HRM4) + 0.429 (HRM6) +

1.197(HRM7) =0-11Z{SCAAL} + 1.096 (SCM2)-+-0-226-{SCIG) =0, 134-({SCAZ) = 2.461 {SCIMB)

+0-468{SEMI) + 1.864 (SM1) + 0.262 (SM2) + 0.181 (SM4) + 3.064 (MM1) — 7.314 (MM2) +
1.817 (MM4) + 1.063 (MM5) +4-436 {CM3) + 4.432 (CM4) +1.271 (CM7) = 86.7
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J: Then, what do you think of this proposed CONQUAS management framework
that contractors can reference to during the course of the project to make sure
that they have taken the appropriate steps? (Pass paper to him)

Mr A: 1 think the layout is quite clear and understandable. It is probably a good
model to follow if the contractors do not already have a systematic way of han-
dling the CONQUAS workflow activities.

J: T think that’s all that I have to ask. Thank you for your time spent in helping me
with my research.

Mr A: Don’t worry. Feel free to contact me again should you need any help.

End of Transcript
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This is an interview transcript with Ms B on the 6 December 2012, 8 a.m. at the
interviewee’s site office. The interviewer shall be referred to as “J”.

Begin Transcript:

J: Hello, after receiving your feedback during the pilot survey, I have made some
amendments and conducted a full-scale survey. So today, I am here to seek your
opinion on the results of the survey.

Ms B: No problem. Sorry for such late reply anyway as we were really busy for
the past few weeks tying up all the loose ends for our Phase 1A TOP. I hope
I will be able to help you understand the CONQUAS system better, if not for
your research; it can be just for your general knowledge.

J: No worries. Firstly, I noted that your company has a relatively poor record of
CONQUAS score. Is this because you have only completed three CONQUAS
projects thus far or...?

Ms B: Hmmm...the bulk of CONQUAS projects assessed are mainly residential
projects and as far as I know, we do not tender for residential projects which
may be because such projects are more stringent in the workmanship quality
aspect and we are not confident of doing so. But we have been trying to improve
our expertise in this area. In fact, this is our fourth CONQUAS project and at
the moment, only structural and M&E assessments have been completed and
results were pretty good.

J: Any particular reason for such improvement?

Ms B: Firstly, this is because we have to meet a minimum CONQUAS score as
requested by the client as well as to meet the target score identified in our com-
pany’s quality policy. Another reason may be because in this project, there is an
experienced senior who has been involved in many CONQUAS projects in other
firms. He is also a certified CONQUAS/QM Manager. He has given us a lot of
tips in preventing defects from occurring by pre-empting us beforehand. He will
also warn us to take extra care on areas, based on his experience, which have a
high probability of non-compliance.
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J: So, what is your company’s approach to managing CONQUAS now?

Ms B: I won’t say that CONQUAS management is consistent throughout all our
projects as different projects are made up of different teams of people who may
have their own way of doing things. But in this project, the QMU acts by setting
out specific broad goals for the ‘ultimate targets of quality’. The CONQUAS
committee comprises mostly of experienced site personnel who understands the
site conditions to ensure workmanship quality. Therefore, we are able to set up
benchmarks that are practical and achievable on site.

J: Do you have any comments with regards to any of these 33 factors in ensuring a
high CONQUAS score?

Ms B: Under human resource management, I feel that client or architect can only
supervise or monitor but the main CONQUAS management workflow is usually
being controlled by the main contractor. Then, arranging for phased construc-
tion to reap learning curve on workmanship quality is only workable if there is
repetition in the buildings, that is, every storey is the same so that as one goes
up, one learn from past mistakes and do better. With regards to the points about
setting out clear guidelines, implementing a checklist for every inspection and
stating clearly the requirements for each aspect or point of the guideline and
probably some other factors, I feel that the main reason for that is to prevent any
disputes and misunderstandings about the workmanship quality specified. ITA
is also not implemented for the reason of ensuring high CONQUAS score but
achieving high score is a consequence of that.

J: T have analysed the results of the survey and have ranked the mean importance
rating accordingly as shown here (Pass paper to her). What is your opinion on
the outcome of the result, in particular, the mean importance rating obtained?

Ms B: I feel that it would be great if contractors are able to implement all these
33 factors, but normally, such high mean importance rating factors tend to be
much harder to achieve, in terms of having to spend more time and manpower
in order to achieve. In that case, contractors may choose to spend their time and
manpower on achieving more factors that have lower mean rating than just to
spend all their time and manpower on a single high mean importance rating fac-
tor that at the end of the day, may still not be achievable despite all the time and
manpower spent.

J: So, do you think that those higher ranking factors support your views on the
strategies to managing CONQUAS?

Ms B: Some of the high mean importance rating factors are not difficult to achieve
technically, just that more time, effort and proper planning is required for them
to be achieved. Normally, contractors have a target CONQUAS score in mind
and will then decide on the factors that are more achievable within their avail-
able resources, of which, most of the time will not be the high mean importance
rating factors unless it is their forte. I guess these will then be the factors that
are more important to them.

J: Are there any factors that I have missed out?

Ms B: Probably under material management, you may consider communication
to the workers regarding the proper usage of the materials, especially for new
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products, as no matter how good the material may be, it may not perform as
expected if it is being handled, stored or used in the wrong way.

J: T have came out with an equation for contractors to use in estimating their
CONQUAS scores based on the factors that they decide to implement in their
project (Pass paper to her to see the equation). Basically, based on my statis-
tical analysis, only 21 factors are found to be significant in predicting the
CONQUAS scores which means that the result of the other factors happens only
due to chance and hence, have to be rejected. However, this is only based on
responses received from 38 respondents and just the 33 critical success factors
identified. What do you think about it?

Ms B: Erm...I am not very sure how you came out with this equation but in my
opinion, I think that this may only be practical to firms like us who lack the
expertise in CONQUAS management. Big firms or those who have been per-
forming well may feel that it is redundant since they may already have a well-
established system in place and knows what to do in order to meet their target
scores, although not quantified in exact numbers.

J: Then, what do you think of this proposed CONQUAS management framework
that contractors can reference to during the course of the project to make sure
that they have taken the appropriate steps? (Pass paper to her)

Ms B: This is like a mind map? Perhaps this framework is more suitable for the
subcontractors to look at so that they are clear about the main contractor’s
CONQUAS workflow. Subcontractors can also know what roles they have to
play in the input planning and construction planning stage.

J: Any more comments that you would like to add?

Ms B: To a certain extent, having a good relationship with the BCA assessors can
be beneficial. There are only a handful of assessors, maybe 15, so getting to
know some of them are not difficult. However, the name of the assessors would
not be known until the assessment date has been booked and confirmed. All that
said, theoretically, BCA assessors are supposed to monitor the work qualities as
a third party which has no grounds on either side in order for their reports to be
fair.

J: T guess I have gotten the information that I need and certainly have a clearer
picture with regards to how contractors manage the CONQUAS process. Thank
you very much for taking time out by coming early to work to clarify my
doubts.

Ms B: Welcome. Hope I make sense to you and all the best for your research.

End of Transcript
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This is an interview transcript with Mr C on the 19 November 2012, 4 p.m. at the
interviewee’s office. The interviewer shall be referred to as “J”.

Begin Transcript:

J: Hi, I presumed you have a rough idea of my final year project which is to find
out the critical success factors for achieving high CONQUAS scores by contrac-
tors and today, I would like to obtain your views on this matter from the per-
spective of a quality practitioner.

Mr C: Yes, this is an interesting topic and is something that the industry is
unaware of and needs to know too. I think nothing has been done so far to col-
late the critical success factors to meet high CONQUAS scores. Since you have
attended the BCA-REDAS Quality and Productivity Seminar last month, you
would have heard of the changes to the latest CONQUAS edition. In fact, the
aim of the constant development to CONQUAS is to encourage contractors to
achieve higher CONQUAS scores and not remain status quo.

J: T have analysed the results of my survey and have ranked the mean importance
rating accordingly as shown here (Pass paper to him). What is your opinion on
the mean importance rating obtained?

Mr C: I think that the factors are rather comprehensive and the factors under
human resource management are the pre-requisites to meet the factors under
other aspects like materials and construction management.

J: Do you have any comments with regards to any of these 33 factors in ensuring a
high CONQUAS score?

Mr C: I feel that staff training on CONQUAS is very important. BCA has also
recognised this and if I did not remember wrongly, BCA provides free trainings
to four staffs involved in each project. Although this is only a one day work-
shop, I think that it is a basic requirement for all staffs who will be involved in
duties related to workmanship quality. The latest CONQUAS edition has also
provided bonus points for projects which employs certified CONQUAS supervi-
SOr Or manager.
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J: As CONQUAS training are also provided for developers and consultants and not
just the builders, don’t you think that they play an important role in ensuring a
high CONQUAS score too?

Mr C: Hmmm...it’s hard to say as some developers may not be that concerned
about CONQUAS and totally allocate such risks and responsibilities to the con-
tractors while others who want to ensure good workmanship quality will col-
laborate with the contractors to do so, especially in design-build projects. Of
course, the best scenario would be that the upstream designing and downstream
construction are both regulated to achieve high CONQUAS scores and not just
the single responsibility of the construction process. But at this moment, in my
opinion, the main deciding factor for upstream activities is still because of cost
issues. A very little percentage of the selection is based on the fact that better
workmanship quality can be obtained.

J: T see. Then, for CONQUAS assessment, it has to be done right the first time
while the Quality Mark Scheme allows for re-scoring. Why is there such a
disparity?

Mr C: For QM, the main reason is to encourage contractors to rectify any defects
and deliver quality homes but for CONQUAS, the purpose is just to ascertain
the workmanship quality level of the building constructed and defects need not
be rectified and even if it is, re-scoring will not be done.

J: The achievement of high CONQUAS score will give an advantage to contractors
tendering for government projects under the Price Quality Method. How is the
effectiveness of this scheme so far?

Mr C: I feel that this doesn’t seem to have a great impact yet unlike the Bonus
Scheme for Construction Quality where feedbacks have been heard that
contractors will go all out just to get the bonus payments to increase their
profitability.

J: T have came out with an equation for contractors to use in estimating their
CONQUAS scores based on the factors that they decide to implement in their
project (Pass paper to him to see the equation used with an imaginary exam-
ple). Basically, based on my statistical analysis, only 21 factors are found to be
significant in predicting the CONQUAS scores which means that the result of
the other factors happens only due to chance and hence, have to be rejected.
However, this is only based on responses received from 38 respondents and just
the 33 critical success factors identified. What do you think about it?

Mr C: Actually, I think that the potential of this equation concept is great but as
what you said, it needs more credibility and reliability in order for something
like this to be implemented industry-wide. This would be a useful tool if con-
tractors are able to predict the CONQUAS scores just from which factors they
decide to employ and which factors are not feasible as they may involve more
time and resources, sacrificing on maybe other aspects like productivity, build
ability and constructability.

J: Then, what do you think of this proposed CONQUAS management framework
that contractors can reference to during the course of the project to make sure
that they have taken the appropriate steps? (Pass paper to him)
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Mr C: This is a good suggestion. I think this would be able to help contractors
understand what they need to do to manage the entire CONQUAS process.

J: T see. I have no more questions. I really appreciate your help over these few
months. Thank you.

Mr C: That’s alright. All the best for your research.

End of Transcript



Appendix E: Statistically Significant Positive
Correlation for Importance Rating

No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
1 MM3 MM4 0.915 0.000
2 SM1 SM2 0.838 0.000
3 HRM4 SCM5 0.835 0.000
4 MM5 CM7 0.835 0.000
5 CM6 CM7 0.814 0.000
6 MMI1 CM3 0.792 0.000
7 HRM3 SCM9 0.765 0.000
8 CM2 CM3 0.758 0.000
9 HRM1 SCM4 0.753 0.000
10 MM4 MM5 0.740 0.000
11 HRM1 HRM3 0.731 0.000
12 HRM7 CM3 0.726 0.000
13 SCM3 MM5 0.726 0.000
14 SCM7 MM4 0.726 0.000
15 HRM7 SCM6 0.722 0.000
16 CM3 CM4 0.717 0.000
17 HRM2 CM3 0.716 0.000
18 SM3 SM4 0.716 0.000
19 HRM2 HRM7 0.713 0.000
20 HRMG6 MM2 0.700 0.000
21 HRM6 SM4 0.692 0.000
22 SM1 MMS5 0.691 0.000
23 SM3 CM4 0.688 0.000
24 SCM6 CM3 0.674 0.000
25 MM5 CM6 0.669 0.000
26 SCM7 MMS5 0.665 0.000
27 SM1 SM4 0.661 0.000
28 SCM3 SCM4 0.658 0.000
29 SM2 SM3 0.657 0.000
30 HRM3 CM1 0.651 0.000
(continued)
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No. Factor 1 Factor 2 Pearson correlation  Sig. (two-tailed)
coefficient (r)
31 SM3 CM2 0.651 0.000
32 MM3 MM6 0.650 0.000
33 MM4 CM5 0.650 0.000
34 SCM4 SM2 0.648 0.000
35 HRM2 CM2 0.647 0.000
36 HRM7 CM4 0.647 0.000
37 SM1 CM7 0.645 0.000
38 SCM7 MM3 0.643 0.000
39 SM4 MM2 0.641 0.000
40 HRM2 SCM1 0.635 0.000
41 HRM2 CM4 0.630 0.000
42 MM3 MMS5 0.629 0.000
43 SCM2 MM4 0.627 0.000
44 SM4 CM3 0.627 0.000
45 MM2 CM3 0.616 0.000
46 MM4 MM6 0.613 0.000
47 CM4 CM5 0.613 0.000
48 SM1 SM3 0.612 0.000
49 HRM1 SM1 0.595 0.000
50 SCM3 CM7 0.594 0.000
51 MM2 CM7 0.593 0.000
52 SM2 CM7 0.584 0.000
53 SM3 CM3 0.584 0.000
54 MMI1 MM3 0.579 0.000
55 MMI1 CM4 0.579 0.000
56 SCM4 SM1 0.577 0.000
57 HRM2 MM1 0.573 0.000
58 SCM2 MMS5 0.573 0.000
59 SCM9 MM3 0.571 0.000
60 CM5 CM7 0.565 0.000
61 HRM7 MM1 0.564 0.000
62 HRM3 HRM6 0.561 0.000
63 MM4 CM3 0.561 0.000
64 SM3 MM2 0.559 0.000
65 SM3 CM7 0.559 0.000
66 MM1 MM2 0.554 0.000
67 HRM6 SM1 0.552 0.000
68 HRM6 SM3 0.552 0.000
69 SCM2 CMS5 0.552 0.000
70 SCM2 MM3 0.550 0.000
71 MM3 CM3 0.550 0.000
72 HRM3 SM4 0.549 0.000
73 HRM1 SM2 0.548 0.000
74 MM3 CM5 0.547 0.000
75 SM2 SM4 0.542 0.000

(continued)
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No. Factor 1 Factor 2 Pearson correlation  Sig. (two-tailed)
coefficient (r)
76 HRM?2 MM2 0.541 0.000
77 SCM9 MM4 0.541 0.000
78 SM2 MMS5 0.541 0.000
79 MM2 CM4 0.541 0.000
80 MM6 CM2 0.535 0.001
81 HRM1 HRM6 0.533 0.001
82 SM2 CM1 0.532 0.001
83 SCMS5 SCM9 0.531 0.001
84 HRM3 CM6 0.530 0.001
85 SCM1 MM2 0.530 0.001
86 SCM9 MM5 0.525 0.001
87 SM4 MM4 0.525 0.001
88 SM4 CM2 0.525 0.001
89 SCM1 SM4 0.524 0.001
90 MM2 CM2 0.523 0.001
91 CM2 CM4 0.523 0.001
92 SCM5 CM1 0.521 0.001
93 SM1 CM6 0.521 0.001
94 MM1 MM4 0.521 0.001
95 MM3 CM1 0.519 0.001
96 SM1 MM2 0.517 0.001
97 SCM6 SM4 0.516 0.001
98 SM1 CM1 0.514 0.001
99 HRM7 CM2 0.513 0.001
100 SCMS8 MMS5 0.512 0.001
101 HRM2 SCM6 0.508 0.001
102 SCM3 CM6 0.506 0.001
103 SCM9 CM1 0.504 0.001
104 SM4 CM4 0.498 0.001
105 HRM1 SCM9 0.496 0.002
106 HRM3 SCM6 0.494 0.002
107 HRM1 CMo6 0.493 0.002
108 HRM7 MM6 0.492 0.002
109 SM1 MM4 0.492 0.002
110 SM4 MM5 0.492 0.002
111 SCM7 CM1 0.491 0.002
112 MM3 CM6 0.491 0.002
113 HRM3 SCM4 0.487 0.002
114 HRM3 MM2 0.487 0.002
115 SCM4 MM5 0.487 0.002
116 MM2 MMS5 0.487 0.002
117 HRM3 SCM3 0.483 0.002
118 SCM9 SM4 0.483 0.002
119 MM4 CM7 0.483 0.002
120 SCM3 SCMS 0.480 0.002

(continued)
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No. Factor 1 Factor 2 Pearson correlation  Sig. (two-tailed)
coefficient (r)
121 MM5 CM5 0.478 0.002
122 MMI1 CM2 0.477 0.002
123 SCM6 CM4 0.474 0.003
124 SCM3 SM2 0.472 0.003
125 SCM4 SCM9 0.471 0.003
126 MM3 CM7 0.469 0.003
127 CM4 CM7 0.469 0.003
128 MM4 CM1 0.467 0.003
129 SCM7 SCM9 0.465 0.003
130 SCM6 MM1 0.464 0.003
131 SCM6 SCM9 0.463 0.003
132 SCM3 SCM7 0.460 0.004
133 SCM3 SCM9 0.460 0.004
134 SCM5 MM3 0.459 0.004
135 SCM9 CM5 0.458 0.004
136 HRM3 CM7 0.456 0.004
137 HRM1 SCM3 0.455 0.004
138 HRM3 SCM5 0.455 0.004
139 HRM6 SCM1 0.453 0.004
140 SCM3 SM1 0.451 0.004
141 MM2 CM1 0.445 0.005
142 SCM7 MM6 0.444 0.005
143 SCM1 CM3 0.443 0.005
144 HRM1 SCM5 0.441 0.006
145 HRMG6 SM2 0.441 0.006
146 HRM2 SM4 0.437 0.006
147 HRM1 CM1 0.435 0.006
148 HRM6 CM7 0.433 0.007
149 SCM8 CM7 0.433 0.007
150 HRMG6 CM6 0.432 0.007
151 HRM1 MM2 0.426 0.008
152 HRM3 SM1 0.426 0.008
153 MM6 CM3 0.425 0.008
154 HRM?7 SCM1 0.424 0.008
155 SCM2 SCM9 0.422 0.008
156 SCM1 CM2 0.421 0.008
157 SCM3 SM4 0.420 0.009
158 SM4 CM7 0.419 0.009
159 SCM9 CM6 0418 0.009
160 MM5 CM1 0.418 0.009
161 HRM4 CM1 0.416 0.009
162 HRM6 CM4 0.415 0.010
163 HRM1 CM7 0.414 0.010
164 HRM3 SCM1 0414 0.010
165 SM4 CMS5 0.408 0.011

(continued)
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No. Factor 1 Factor 2 Pearson correlation  Sig. (two-tailed)
coefficient (r)
166 MM2 CM6 0.407 0.011
167 SCMS8 CM6 0.406 0.011
168 SM3 MMS5 0.406 0.011
169 SCM6 SCM7 0.405 0.012
170 SM4 CM1 0.405 0.012
171 SCM3 MM2 0.404 0.012
172 SCM7 CM6 0.404 0.012
173 SM2 CM6 0.404 0.012
174 HRM7 SM3 0.403 0.012
175 MM1 MM5 0.401 0.013
176 CM1 CM7 0.399 0.013
177 SCM7 CM7 0.398 0.013
178 HRM2 SM3 0.394 0.014
179 HRM7 SCM7 0.394 0.014
180 SCM6 SM3 0.393 0.015
181 MM4 CM4 0.390 0.016
182 HRM7 MM2 0.389 0.016
183 SCM9 CM7 0.389 0.016
184 HRM3 CM3 0.387 0.016
185 SCM4 CM6 0.387 0.016
186 MMS5 CM3 0.387 0.016
187 CM3 CM7 0.387 0.016
188 MM3 CM2 0.386 0.017
189 MM4 CM6 0.386 0.017
190 SCM3 SM3 0.382 0.018
191 HRM3 SM2 0.378 0.019
192 HRM7 CM1 0.378 0.019
193 SCM1 SCM6 0.378 0.019
194 HRM3 MM5 0.377 0.020
195 SCM3 MMI1 0.377 0.020
196 HRM3 HRM7 0.373 0.021
197 CM3 CMo6 0.373 0.021
198 SCM2 SM1 0.371 0.022
199 SCM2 CM7 0.369 0.022
200 CM1 CM6 0.368 0.023
201 HRM7 MM4 0.367 0.023
202 CM2 CM6 0.366 0.024
203 SM2 MM2 0.365 0.024
204 SM4 MM3 0.365 0.024
205 SCM7 MM1 0.364 0.025
206 SCM1 MM1 0.363 0.025
207 CM3 CM5 0.363 0.025
208 SCM9 MM1 0.362 0.025
209 MM2 MM4 0.362 0.026
210 SCM4 CM7 0.361 0.026

(continued)
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No. Factor 1 Factor 2 Pearson correlation  Sig. (two-tailed)
coefficient (r)
211 SM1 MM3 0.361 0.026
212 HRM7 SM4 0.360 0.027
213 HRMS5 HRM7 0.358 0.027
214 SM3 CM5 0.358 0.028
215 SM3 MM6 0.357 0.028
216 HRM?2 MM6 0.355 0.029
217 SCM9 SM1 0.351 0.031
218 MM1 CcM7 0.350 0.031
219 SCM2 SCM7 0.348 0.032
220 HRM4 MM3 0.346 0.034
221 HRM1 MM5 0.345 0.034
222 SCM7 CM5 0.343 0.035
223 SCM6 MM4 0.342 0.035
224 HRM?2 HRM6 0.341 0.036
225 HRM6 CM2 0.341 0.036
226 SCM7 SM1 0.341 0.036
227 SM3 MM1 0.341 0.036
228 SCM7 CM3 0.339 0.038
229 SCM4 SM4 0.338 0.038
230 SCM6 CM2 0.337 0.039
231 SM3 CM6 0.337 0.039
232 HRM3 MM1 0.336 0.039
233 SCM4 SCM6 0.335 0.040
234 HRM7 MM3 0.334 0.040
235 SM1 CM5 0.334 0.041
236 SM4 MM1 0.332 0.042
237 HRM6 CM3 0.330 0.043
238 HRM3 CM4 0.329 0.044
239 HRM1 SM4 0.327 0.045
240 HRM?2 SCM2 0.327 0.045
241 MM2 CM5 0.327 0.045
242 SCM7 SCMS8 0.324 0.047
243 SCM4 SM3 0.323 0.048
244 MM6 CM1 0.320 0.050

(Note Please refer to Table 4.5 for the definitions of the abbreviations in this table)


http://dx.doi.org/10.1007/978-981-287-074-2_4

Appendix F: Statistically Significant Positive
Correlation for Usage Rating

No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
1 HRM1 HRM4 1.000 0.000
2 HRM1 HRM7 1.000 0.000
3 HRM1 SCM4 1.000 0.000
4 HRM1 SCM7 1.000 0.000
5 HRMI1 SM1 1.000 0.000
6 HRM1 SM2 1.000 0.000
7 HRM1 MM2 1.000 0.000
8 HRM4 HRM7 1.000 0.000
9 HRM4 SCM4 1.000 0.000
10 HRM4 SCM7 1.000 0.000
11 HRM4 SM1 1.000 0.000
12 HRM4 SM2 1.000 0.000
13 HRM4 MM2 1.000 0.000
14 HRM7 SCM4 1.000 0.000
15 HRM?7 SCM7 1.000 0.000
16 HRM7 SM1 1.000 0.000
17 HRM7 SM2 1.000 0.000
18 HRM?7 MM2 1.000 0.000
19 SCM4 SCM7 1.000 0.000
20 SCM4 SM1 1.000 0.000
21 SCM4 SM2 1.000 0.000
22 SCM4 MM2 1.000 0.000
23 SCM7 SM1 1.000 0.000
24 SCM7 SM2 1.000 0.000
25 SCM7 MM2 1.000 0.000
26 SCM8 MMI1 1.000 0.000
27 SM1 SM2 1.000 0.000
28 SM1 MM2 1.000 0.000
29 SM2 MM2 1.000 0.000
30 SCM2 MMS5 0.946 0.000
(continued)
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168 Appendix F: Statistically Significant Positive

No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
31 HRM6 CM2 0.851 0.000
32 MMS5 CM2 0.851 0.000
33 HRM1 SCM9 0.839 0.000
34 HRM4 SCM9 0.839 0.000
35 HRM7 SCM9 0.839 0.000
36 SCM4 SCM9 0.839 0.000
37 SCM7 SCM9 0.839 0.000
38 SCM9 SM1 0.839 0.000
39 SCM9 SM2 0.839 0.000
40 SCM9 MM2 0.839 0.000
41 HRM2 MM5 0.834 0.000
42 HRM6 SCM2 0.834 0.000
43 SCM6 CM4 0.829 0.000
44 HRM2 CM2 0.805 0.000
45 SCM2 CM2 0.805 0.000
46 HRM6 MM5 0.780 0.000
47 HRM2 SCM2 0.774 0.000
48 HRM2 SCM6 0.774 0.000
49 SCM2 SCM6 0.774 0.000
50 HRM2 MM4 0.764 0.000
51 SCM6 MM4 0.764 0.000
52 SCM3 CM4 0.763 0.000
53 SCM6 MMS5 0.723 0.000
54 HRMS5 CM6 0.721 0.000
55 MM4 CM4 0.721 0.000
56 SCM3 SCM6 0.715 0.000
57 HRM2 CM4 0.714 0.000
58 MM3 CM1 0.683 0.000
59 HRM1 SCM1 0.678 0.000
60 HRM1 SCM3 0.678 0.000
61 HRM4 SCM1 0.678 0.000
62 HRM4 SCM3 0.678 0.000
63 HRM7 SCM1 0.678 0.000
64 HRM7 SCM3 0.678 0.000
65 SCM1 SCM4 0.678 0.000
66 SCM1 SCM7 0.678 0.000
67 SCM1 SM1 0.678 0.000
68 SCM1 SM2 0.678 0.000
69 SCM1 MM2 0.678 0.000
70 SCM3 SCM4 0.678 0.000
71 SCM3 SCM7 0.678 0.000
72 SCM3 SM1 0.678 0.000
73 SCM3 SM2 0.678 0.000
74 SCM3 MM2 0.678 0.000
75 HRM2 CM1 0.676 0.000

(continued)



Appendix F: Statistically Significant Positive 169

No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
76 HRM6 SCM1 0.672 0.000
77 MMS5 CM4 0.666 0.000
78 SM4 CM5 0.645 0.000
79 MMS5 CM1 0.639 0.000
80 SCM3 MM4 0.638 0.000
81 HRM1 SM4 0.637 0.000
82 HRM4 SM4 0.637 0.000
83 HRM7 SM4 0.637 0.000
84 SCM4 SM4 0.637 0.000
85 SCM7 SM4 0.637 0.000
86 SM1 SM4 0.637 0.000
87 SM2 SM4 0.637 0.000
88 SM4 MM2 0.637 0.000
89 HRM2 CM7 0.622 0.000
90 SCM2 CM7 0.622 0.000
91 SCM6 CM7 0.622 0.000
92 SCM1 SCM3 0.616 0.000
93 HRM2 HRM6 0.611 0.000
94 HRM6 SCM6 0.611 0.000
95 HRM1 CM4 0.600 0.000
96 HRM4 CM4 0.600 0.000
97 HRM7 CM4 0.600 0.000
98 SCM4 CM4 0.600 0.000
99 SCM7 CM4 0.600 0.000
100 SM1 CM4 0.600 0.000
101 SM2 CM4 0.600 0.000
102 MM2 CM4 0.600 0.000
103 SCM2 CM4 0.599 0.000
104 HRM2 SCM3 0.595 0.000
105 SCM1 CM7 0.595 0.000
106 SCM3 CM7 0.595 0.000
107 MM4 MMS5 0.592 0.000
108 MMS5 CM7 0.588 0.000
109 SCM6 CM2 0.587 0.000
110 SCM9 CM7 0.587 0.000
111 MM6 CM5 0.587 0.000
112 HRM6 CM3 0.582 0.000
113 CM1 CM4 0.580 0.000
114 SCM8 CM6 0.574 0.000
115 MM1 CM6 0.574 0.000
116 CcM2 CM3 0.573 0.000
117 HRM1 HRM2 0.567 0.000
118 HRM1 SCM2 0.567 0.000
119 HRM1 SCM6 0.567 0.000
120 HRM2 HRM4 0.567 0.000

(continued)
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No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
121 HRM2 HRM7 0.567 0.000
122 HRM2 SCM4 0.567 0.000
123 HRM2 SCM7 0.567 0.000
124 HRM2 SM1 0.567 0.000
125 HRM2 SM2 0.567 0.000
126 HRM2 MM2 0.567 0.000
127 HRM4 SCM2 0.567 0.000
128 HRM4 SCM6 0.567 0.000
129 HRM7 SCM2 0.567 0.000
130 HRM7 SCM6 0.567 0.000
131 SCM2 SCM4 0.567 0.000
132 SCM2 SCM7 0.567 0.000
133 SCM2 SM1 0.567 0.000
134 SCM2 SM2 0.567 0.000
135 SCM2 MM2 0.567 0.000
136 SCM4 SCM6 0.567 0.000
137 SCM6 SCM7 0.567 0.000
138 SCM6 SM1 0.567 0.000
139 SCM6 SM2 0.567 0.000
140 SCM6 MM2 0.567 0.000
141 SCM1 SM4 0.565 0.000
142 SCM1 CM2 0.557 0.000
143 HRM3 CM4 0.552 0.000
144 HRM6 CM4 0.552 0.000
145 SCM2 CM3 0.551 0.000
146 SCM6 CM3 0.551 0.000
147 SCM2 MM4 0.546 0.000
148 CM1 CM2 0.544 0.000
149 HRM2 SCM9 0.542 0.000
150 HRM2 MM3 0.542 0.000
151 SCM2 SCM9 0.542 0.000
152 SCM2 MM3 0.542 0.000
153 SCM2 CM1 0.542 0.000
154 SCM6 SCM9 0.542 0.000
155 SCM6 MM3 0.542 0.000
156 SCM6 CM1 0.542 0.000
157 HRM1 CM7 0.539 0.000
158 HRM4 CM7 0.539 0.000
159 HRM7 CM7 0.539 0.000
160 SCM4 CM7 0.539 0.000
161 SCM7 CM7 0.539 0.000
162 SM1 CM7 0.539 0.000
163 SM2 CM7 0.539 0.000
164 MM2 CM7 0.539 0.000
165 CM2 CM4 0.538 0.000

(continued)
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No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
166 HRM1 HRM3 0.536 0.001
167 HRM1 HRM6 0.536 0.001
168 HRM1 MMS5 0.536 0.001
169 HRM3 HRM4 0.536 0.001
170 HRM3 HRM7 0.536 0.001
171 HRM3 SCM4 0.536 0.001
172 HRM3 SCM7 0.536 0.001
173 HRM3 SM1 0.536 0.001
174 HRM3 SM2 0.536 0.001
175 HRM3 MM2 0.536 0.001
176 HRM4 HRM6 0.536 0.001
177 HRM4 MM35 0.536 0.001
178 HRM6 HRM7 0.536 0.001
179 HRM6 SCM4 0.536 0.001
180 HRM6 SCM7 0.536 0.001
181 HRM6 SM1 0.536 0.001
182 HRM6 SM2 0.536 0.001
183 HRM6 MM2 0.536 0.001
184 HRM7 MMS5 0.536 0.001
185 SCM4 MMS5 0.536 0.001
186 SCM7 MMS5 0.536 0.001
187 SM1 MMS5 0.536 0.001
188 SM2 MMS5 0.536 0.001
189 MM2 MM5 0.536 0.001
190 MM4 CM2 0.527 0.001
191 SCM1 SCM9 0.524 0.001
192 SCM3 SCM9 0.524 0.001
193 SCM1 CM4 0.518 0.001
194 MM4 CM1 0.516 0.001
195 CM4 CM7 0.516 0.001
196 HRM6 MM3 0.507 0.001
197 SCM9 MMS5 0.507 0.001
198 MM3 MMS5 0.507 0.001
199 CM2 CM7 0.501 0.001
200 HRM3 SCM6 0.499 0.001
201 MM4 CM3 0.499 0.001
202 SCM5 SM3 0.487 0.002
203 SCMS8 MMS5 0.483 0.002
204 MM1 MM5 0.483 0.002
205 SCM9 SM4 0.482 0.002
206 SM3 CM5 0.477 0.002
207 HRMS5 CM3 0.476 0.003
208 HRM2 SCM1 0.475 0.003
209 SCM1 SCM2 0.475 0.003
210 SCM1 SCM6 0.475 0.003

(continued)
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No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
211 SCM2 SCM3 0.475 0.003
212 MM4 CM7 0.475 0.003
213 SM3 MM6 0.473 0.003
214 MM5 CM3 0.469 0.003
215 SCM3 CM3 0.460 0.004
216 HRM1 CM2 0.456 0.004
217 HRM2 SCMS8 0.456 0.004
218 HRM2 MM1 0.456 0.004
219 HRM4 CM2 0.456 0.004
220 HRM7 CM2 0.456 0.004
221 SCM2 SCM8 0.456 0.004
222 SCM2 MM1 0.456 0.004
223 SCM4 CM2 0.456 0.004
224 SCM6 SCMS 0.456 0.004
225 SCM6 MM1 0.456 0.004
226 SCM7 CM2 0.456 0.004
227 SM1 CM2 0.456 0.004
228 SM2 CM2 0.456 0.004
229 MM2 CM2 0.456 0.004
230 HRM6 CM7 0.450 0.005
231 SCM9 CM4 0.444 0.005
232 MM3 CM4 0.444 0.005
233 HRM3 CMS5 0.443 0.005
234 SCM3 CM2 0.440 0.006
235 HRM2 CM3 0.436 0.006
236 HRM3 SCM3 0.434 0.006
237 HRM6 SCM3 0.434 0.006
238 SCM1 MMS5 0.434 0.006
239 SCM3 MMS5 0.434 0.006
240 HRM1 MM4 0.433 0.007
241 HRM4 MM4 0.433 0.007
242 HRM7 MM4 0.433 0.007
243 SCM4 MM4 0.433 0.007
244 SCM7 MM4 0.433 0.007
245 SM1 MM4 0.433 0.007
246 SM2 MM4 0.433 0.007
247 MM2 MM4 0.433 0.007
248 SCMS8 CM4 0.431 0.007
249 MM1 CM4 0.431 0.007
250 SCM9 CM2 0415 0.010
251 MM3 CM2 0.415 0.010
252 MM6 CM6 0.414 0.010
253 HRM1 CM5 0.411 0.010
254 HRM4 CM5 0.411 0.010
255 HRM7 CM5 0.411 0.010
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No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)
256 SCM4 CM5 0.411 0.010
257 SCM7 CM5 0.411 0.010
258 SM1 CM5 0.411 0.010
259 SM2 CM5 0411 0.010
260 MM2 CM5 0.411 0.010
261 CM3 CM4 0.403 0.012
262 HRM3 SM3 0.394 0.014
263 SCM9 SM3 0.394 0.014
264 SCM9 MM4 0.387 0.016
265 MM3 MM4 0.387 0.016
266 SCMS5 CM1 0.382 0.018
267 SCM3 SCMS8 0.381 0.018
268 SCM3 MMI1 0.381 0.018
269 HRMS5 SCMS8 0.379 0.019
270 HRMS5 MMI1 0.379 0.019
271 HRM3 SM4 0.378 0.019
272 HRM6 SM4 0.378 0.019
273 SM4 MM6 0.378 0.019
274 HRM6 MM4 0.377 0.020
275 HRM3 SCM9 0.375 0.020
276 HRM6 SCM9 0.375 0.020
277 HRM6 CM1 0.375 0.020
278 SCM9 CM3 0.372 0.021
279 MM3 CM3 0.372 0.021
280 HRMS5 CM5 0.362 0.026
281 CM5 CM6 0.362 0.026
282 SCM8 MM4 0.359 0.027
283 MM1 MM4 0.359 0.027
284 SCM2 SM3 0.357 0.028
285 SCM5 MM6 0.356 0.028
286 SCM2 SCM5 0.355 0.029
287 HRMS MM4 0.343 0.035
288 MM4 CM6 0.343 0.035
289 CM3 CM7 0.343 0.035
290 SCM1 CM3 0.338 0.038
291 HRM1 SM3 0.331 0.043
292 HRM4 SM3 0.331 0.043
293 HRM7 SM3 0.331 0.043
294 SCM4 SM3 0.331 0.043
295 SCM7 SM3 0.331 0.043
296 SM1 SM3 0.331 0.043
297 SM2 SM3 0.331 0.043
298 SM3 MM2 0.331 0.043
299 SCMS8 CM2 0.328 0.045
300 MM1 CM2 0.328 0.045
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No. Factor 1 Factor 2 Pearson correlation Sig. (two-tailed)
coefficient (r)

301 HRM5S CM2 0.325 0.046

302 CM2 CM6 0.325 0.046

303 HRM3 MM6 0.323 0.048

(Note Please refer to Table 4.5 for the definitions of the abbreviations in this table)
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Appendix G-1: Laying of Brickwall Inspection

Template

Drawing No: Date Inspected: Reviewed By:
Checklist Conformity (V/X) | Corrective | Remarks | Who Deadline
S/D CR Action to
Required refer?

Preparation & Cleanliness

Brick Surface

RC Surface receiving Bricks

Set Reference Line for
Alignment

Fixing Bonding Bar

Length of 6mmg M.S.
Bonding Bar to Stiffener =
300mm

3.8mmg@ Masonry Drive
Fixing Pin 28mm Long at
400 c/c

Spacing between Bonding
Bar = 400mm

Laying of Bricks

Mixing proportion and use
of gauge box

Use of 64 x 0.5mm thick
anodized galvanized steel
reinforcement start from
2" course lay at every 4t
course min. lap length of
100mm

Joint width

Cavity Wall

Install 25mm x 3mm thick
galvanized steel tie: Start
from 4™ course lay at every
4™ course horizontal
spacing 900mm c/c
(staggered)

Provide expansion joint

S. P. Low and J. Ong, Project Quality Management, DOI: 10.1007/978-981-287-074-2,
© Springer Science+Business Media Singapore 2014

175



176 Appendix G-1: Laying of Brickwall Inspection Template

Alignment & Workmanship
Surface and edge are plane
and vertical

Crack and chippings
Pointing

(S/D: Specifications and Drawings. CR: Constructability Requirements)




Appendix G-2: Prestressed Concrete Structure
Inspection Template

Drawing No: Date Inspected: Reviewed By:
Checklist Conformity (V/X) | Corrective | Remarks | Who Deadline
S/D CR Action to
Required refer?

Conditions of Tendons and Anchorages

Type & Number

Spacing

Cleanliness

Anchorages

Installation of Sheathing

Properly Secured

Free from Damage

Profile

Grout Tube

Stressing and Grouting Operations

Duct Clean/Free

Stress/Elongation

Grouting Operation

Debonding (For Pre-tensioning)

Tube Seals at End

Debond Length

Materials

(S/D: Specifications and Drawings. CR: Constructability Requirements)
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Appendix G-3: Cast In-Situ Concrete Inspection

Template

Drawing No: Date Inspected: Reviewed By:
Checklist Conformity (V/X) | Corrective | Remarks | Who Deadline
s/D CR Action to
Required refer?
Formwork
Dimension

Level and Plumb

Tightness of Joints

Rigidity

Alignment

Props & Bracing

Cleanliness

Mould Oil

Reinforcement

Diameter & Type

Position & Spacing

Cleanliness

Cover

Hooks & Laps

Tying Wire

Rigidity

Services

Trimming Bars

Position & Size

Cast in Items/Provisions

Post Concreting

Curing

Re-propping

Formwork Striking
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Finished Concrete

Dimension

Alignment
Plumb
Level

Honeycomb
(S/D: Specifications and Drawings. CR: Constructability Requirements)




Appendix G-4: Precast Concrete Structure
Inspection Template

Drawing No: Date Inspected: Reviewed By:
Checklist Conformity (V/X) | Corrective | Remarks | Who Deadline
S/D CR Action to
Required refer?

Pre-erection Stage

Panel Position Lines

Level & Plumb

Gridline Reference

Seal fast Position

Erection Stage

Temporary Supports

Panel Alignment

Connection Details

Joint & Seal

Plumbness

Cottering Bars

Connection Welding

Waterproofing

Post-erection Stage

Joint

Test Results

(S/D: Specifications and Drawings. CR: Constructability Requirements)
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Appendix G-5: Structural Steelwork Inspection

Template

Drawing No: Date Inspected: Reviewed By:
Checklist Conformity (V/X) | Corrective | Remarks | Who Deadline
S/D CR Action to
Required refer?

Material Check (Visual)

Element Size

Element Grade

Element Condition

Plumb and Alignment

Plumb Tolerance

Line and Level

Free from Twist

Connection Plate

Size of Connection Plate

Weld Inspection

Weld Inspection (NDT)

Bolting

Size & Type of Bolts

Required Torque

Hole Size

Welding

Location, Type, Size

Electrode Type/Size

Visual Inspection

NDT

Welders’ Qualifications

Protection

Corrosion Protection

Surface preparation

Primer

Painting

Galvanised

Anti-skid Coat

Anti-skid Test

Temporary Bracing

(S/D: Specifications and Drawings. CR: Constructability Requirements)
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