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Abstract: Although many project portfolio management tools have been developed, little has been
found capable of evaluating and managing project quality, cost, and schedule simultaneously. Limited
cross-project references also limit lessons learned in the context of triple constraints. This study aims
to embed quality check into the earned value management (EVM) method and develop an extended
tool for triple constraint management based on EVM. The purpose is to evaluate and manage the
triple constraints of a project in one go, incorporating quality management and portfolio management
functions into costing and scheduling. The newly developed tools are tested and validated in real-
world case studies. It was proven to assist project portfolio stakeholders in triple constraints planning,
organizing, monitoring, managing, and reporting using a single reporting format.

Keywords: earned value; TQM; triple constraints control; project portfolio; quality quantification

1. Introduction

Project scheduling tools such as Earned Value Management (EVM), S-Curve, Gantt
Chart, Balanced Scorecard, Program Evaluation, Review Technique (PERT), and Critical
Path Method (CPM) have been designed to measure project performance and business
excellence [1–3]. These scheduling tools were designed in different contexts; for example,
EVM focuses on cost and schedule management [4,5]; S-Curve and Gantt’s chart concen-
trates on schedule management [6,7]; Balanced Scorecard focuses on quality performance
and customer satisfaction [8]; while PERT and CPM focus only on time management [9].
Very few of the existing scheduling tools are can manage triple constraints such as schedule,
cost, and quality in a single setting [10,11]. Most existing scheduling tools focus only on
cost and schedule constraints rather than the quality constraint, or vice versa; example
of this are the Construction Quality Assessment System (CONQUAS®), QLASSIC, and
Performance Assessment Scoring System (PASS) [12]. Building and Construction Authority,
Singapore, developed CONQUAS®, which was widely adopted in Singapore, Hong Kong,
and Malaysia. The Construction Industry Development Board, Malaysia, developed QLAS-
SIC; it is only used in Malaysia. PASS was produced by Hong Kong Housing Authority, and
it is only used in Hong Kong [13,14]. These tools mainly focused on the quality constraints
with limited integration with other constraints such as schedule and cost in the triple
constraints context [15].

Most organizations are engaged in multiple projects at a time [16–19]. The capability
and efficiency of organizations in managing multiple projects have become critical success
factors. Project Portfolio Management (PPM) is a highly recognized approach to managing
multiple projects [19–21]. Effective PPM encounters challenges such as delayed projects,
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resource struggles, stress, and a lack of overview for projects within the same portfolio in
implementation [18,19,21–23]. Given that most organizations are engaged in the multiple
projects environment, the scheduling failure at the portfolio level could directly affect the
entire business [24]. This study aims to develop a quality-embedded scheduling tool for
portfolio earned value monitoring and forecasting (QST-EVM) to cover all three constraints
on portfolio excellence. Specifically, this study combines existing quality management
tools with cost and schedule management measures, utilizes EVM’s superior cost and
schedule management methods, and treats quality inspection as a new extension of EVM
to form a combination of quality, cost, and schedule under a triple management method,
as a concise approach to triple constraint management. The proposed approach would be
a major change in the current PM industry, especially in the construction industry. First
of all, the model can measure and describe the quality, cost and schedule of construction
projects homogeneously, so as to realize the comprehensive evaluation of project objectives.
Second, the model refines the functions of the EVM under triple constraints and combines
the quality of the project for triple management supervision. As a result, project managers
in the construction industry can use a single tool for triple constraint management, as
well as better project management, compared to existing methods. Finally, this study
examines the extension by using scenario analysis and real-world case studies to validate
its functionality for triple constraint management. Following the validation process, this
study will transition the triple constraint management tool from a single project to a PPM
environment to achieve triple constraint for project portfolio management.

2. Existing Schedule, Quality, and Cost Management Tools

During a business project execution, regular and timely reviews are essential to evalu-
ate the project’s progress and effectiveness [25,26]. Existing tools, such as the earned value
management (EVM) tool, can measure the cost and schedule performance of a project [27].
EVM has been proven as one of the most useful tools for project planning, organizing,
controlling, and monitoring [28–30]. Looking at the functionality of EVM in the context
of the triple constraints, it has covered two out of three constraints, which are schedule
management and cost management [31]. Although some scholars have proposed several
extensions of the classic EVM, for example, Earned Schedule [32,33], Earned Duration [33],
Earned Duration Management [34], and Fuzzy Earned Value [31,35], EVM has yet to come
close to neither the quality management nor the end of its potential extensions [4]. There-
fore, this study identified EVM as part of the foundation of the developed triple constraints
management tool.

On the other hand, a few existing quality management tools, such as CONQUAS®,
QLASSIC, and PASS, are compared in Table 1. CONQUAS® is the pioneer of these three
tools, and the other two were inspired by it. CONQUAS® is also the most widely adopted
one [36]. Therefore, this research targeted embedding CONQUAS® into EVM as part of the
foundation of the triple constraints management tool being developed.

Notably, EVM is a highly flexible yet comprehensive tool for cost and schedule man-
agement [28]. It has been enhanced to many different versions to increase efficiency and
effectiveness [37]. Although it has been improved in various ways, its core has remained
unchanged [27]. The core of EVM is based on three essential variables, namely Planned
Value (PV), Actual Cost (AC), and Earned Value (EV) [2,29]. Different kinds of literature
have different appellations for these three metrics; for instance, PV is also recognized as
Budgeted Cost of Work Scheduled (BCWS), AC is also known as Actual Cost of Work
Performed (ACWP); and EV is also distinguished as Budgeted Cost of Work Performed
(BCWP) [28]. Generally, PV is the authorized budget planned for the physical work that
should have been accomplished [38–40], AC is the realized cost incurred for the work
performed on an activity during a specific time [29,38,39,41,42], and EV is the budget associ-
ated with the authorized work that has been completed [32,38–40]. A detailed explanation
for these metrics and their expansion can be found in PMBOK 6th edition [38], Practice
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Standard for Earned Value Management [43], Program Analysis Pamphlet [40], and Project
Management Guidelines [44].

Table 1. Comparison between QLASSIC, PASS and CONQUAS®.

Description QLASSIC PASS CONQUAS ®

Introduced by Construction Industry
Development Board, Malaysia

Hong Kong
Housing Authority

Building and Construction
Authority, Singapore

Year first introduced 2006 1990 1989

Origin Adapted from CONUQAS Adapted from CONQUAS Not adapted from previous tool

Latest edition 1st edition 4th edition 9th edition

Region adopted Malaysia Hong Kong
Singapore, United Kingdom,
Hong Kong, Malaysia, India,
Australia, and South Africa

Scope of work

(1) Architectural work
(2) Structural work

(3) M&E work
(4) Infrastructure work

(1) Architectural work
(2) Structural work
(3) External work

(4) General obligations

(1) Architectural work
(2) Structural work

(3) M&E work

Performance measurement Scoring system Scoring system Scoring system

Weightage system Different based on the
type of building One standard format Different based on the

type of buildings

Inspection frequency One time inspection Monthly One time inspection

Inspection method Sampling selection Sampling selection Sampling selection

Assessor External External External

Furthermore, this study also extends the capabilities of the proposed model to the
portfolio environment. This is to help organizations with cross-project management and
resource allocation. Portfolio refers to projects, programs, sub-portfolios, and operations
managed as a whole to achieve the same strategic goals. Figure 1 illustrates the relationship
between portfolios, programs, and projects. Portfolio management includes managing re-
sources and other constraints, coordinating project teams, and managing interfaces between
projects. The focus is on configuring projects and programs according to organizational
strategy and balancing the risks and benefits of a portfolio of projects. Due to the uncer-
tainty and uniqueness of the construction industry, the progress forecasting of individual
construction projects is a complex process. A portfolio is a closely coordinated set of related
projects for high control and more efficient performance. Initial risk assessments and
ongoing information updates in the portfolio lead to high-performance progress on projects
that might not be the case when handled in isolation. The result of this improvement is the
main motivation for institutions to develop portfolio management. EVM’s newly expanded
target outcomes not only enable better planning, organization, control and monitoring of
quality management, but also provide the entire triple constraint in the context of projects
and portfolios. Project managers in the construction industry can use the proposed model
to manage project and portfolio performance in multiple project environments. Specifically,
organizations with multiple projects running concurrently will benefit from managing their
projects and portfolios in a single environment.
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Figure 1. Relationships among portfolios, programs, and projects.

3. Research Methods and QST-EVM Tool Development Procedures

Two existing triple constraints management tools, including CONQUAS® and EVM,
were identified as part of the QST-EVM tool’s foundation. With EVM metrics, a project’s
performance could be identified easily by comparing the achievement with the initial plan-
ning. The work performance is measured by comparing the cost baseline and the schedule
baseline to generate the performance baseline [38]. EVM uses “value” as the performance
measurement metric, and it represents more than just monetary value. Barima [45] urged
that value is “the influence of goals and standards”, where the value should be referred to
the potential requirements and conviction inclination. For instance, EV is the contact sum
multiplied by the schedule to date, and PV is the contract sum multiplied by the target
schedule. Since EVM uses “values” and “variables” as basic theory, it is recommended to
quantify quality in order to integrate quality management into EVM. The reason for syn-
chronizing quality management with an existing EVM is that it can be monitored using the
same technology. Obtaining quality performance by multiplying the quality fraction (%) by
the actual cost is one way that triple constraints are implemented in the same environment.
We demonstrate the feasibility and reliability of this approach through experiments on four
projects; thus, homogenizing quality metrics with cost and schedule metrics is a feasible
approach. Therefore, this research suggests that the quality metric should be embedded
in the form of “value” instead of money alone. The purpose of embedding the quality
metric into the EVM is to enhance the functionality of EVM from two constraints to triple
constraints, including quality. The hypothesis suggested a proposed model to overcome the
research gaps and achieve the research objectives. With regards to the research objectives,
there were three sections of concept development: the first section was to formalize a new
quality assessment method to quantify the quality performance; the second section was to
integrate the proposed quality assessment method into Earned Value Management (EVM)
to formalize a new model, taking into consideration the triple constraints management; the
third section was to implement the proposed model into Project Portfolio Management.
The concept development processes are illustrated in Figure 2.
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Indeed, CONQUAS® has been widely accepted by many countries [12,46,47]. The
objectives of CONQUAS® are: (1) to have a standard quality assessment system for con-
struction projects, (2) to make quality assessment objectives by measuring constructed
works against workmanship standards and specifications and using a sampling approach
to suitably represent the whole project, and (3) to enable a quality assessment to be carried
out systematically within reasonable cost and time [48]. CONQUAS® uses the scoring
system as a performance measurement dimension. The scoring will be recorded based on
first-time inspections; areas to be inspected are based on a sampling system. Rectification
and correction carried out after the assessment will not be re-scored [48]. Furthermore,
CONQUAS® uses a weightage system as part of the scoring system. Each quality standard
(each component) carries a weight that represents the quality of a building. The weightage
system is a compromise between the cost proportions of three components in various
buildings, and different types of buildings have different weightage systems.

Traditionally, the quality of a project is judged based on the end product. However, the
project success means more than just achieving quality; it encompasses the triple constraints,
including time and cost. The shortfall in managing schedule and cost in CONQUAS® makes
it an incomplete tool. Given the EVM capacity in schedule and cost management, this
study proposed embedding CONQUAS® into the EVM platform to create a new tool to
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cover the triple constraints management in a single setting. In order to ensure that quality
management best fits into EVM, this new tool should have new performance metrics using
the same concept and similar functions as EVM metrics. This study used the CONQUAS®

scoring system to facilitate this purpose.
First and foremost, this research used the quality standard in CONQUAS® to measure

a contractor’s quality performed (QP). As a term used in this development, QP refers to
the quality that has been achieved by work or an event. In a simple phrase, it is a quality
achievement degree to measure the quality performance. CONQUAS® practices periodic in-
spection whereby the auditor conducts a site inspection only upon request from the project
portfolio management team, which is very much related to the sampling system where
only selected areas are inspected. It was pointed out that existing methods do not provide
details on how sampling selection was made and therefore cannot determine whether the
sampling system is representative of the overall quality of the building. Therefore, this
study recommends measuring the quality of all construction events and construction com-
ponents to avoid any deviation or error in localized areas (selected areas). Daily inspections
would be more convincing than periodic inspections by weeks or months because it is
not practical to expect an external auditor to conduct very frequent inspections. Hence,
this study proposed that the daily inspection be performed by an in-house trained auditor,
who would inspect and access all work events using CONQUAS®’s quality standard and
record scores on the computation sheet. The computation sheet is used to calculate the QP
achieved by the contractor.

The in-house trained auditor registers all scores of QP achieved by the contractor using
the following five rules: (a) Each inspection is assigned with a total of 10 scores; each non-
compliance or inappropriate work spotted should be deducted from the score accordingly;
the achieved score would then be recorded as final attainment for that particular inspection;
(b) At any work event at any work area, if the contractor achieves 7 scores or lower, a
second inspection is to be conducted upon the rectification work done by the contractor;
(c) In the case a work event is required to be inspected for the second time, the final attained
would be 70% from the score achieved during the first inspection, and 30% from the score
achieved during the second inspection; (d) If a work event fails for both the first and second
inspection, the final attained for that particular event should be marked as zero due to too
many rectification works resulting from the inadequate performance of the contractor; and
(e) All work events should be recorded, including repeated events at a different location.

Table 2 shows the scoring of the calculation table by taking structural engineering
as an example. The calculation table score is formalized in Microsoft Excel, and the rules
for the calculation table are as follows: (1) The weight of each item is obtained from the
results of the qualitative analysis. (2) The maximum score for one inspection per location is
10 points. (3) If a work scores less than 8 points, a second inspection is required. (4) If a
work does not receive a score of 8 and above on the first inspection, the calculation sheet
score will appear as “false” in the subtotal column, as this is a violation of the general
rules. (5) If a work has been inspected twice, the final score achieved will be 70% of the first
inspection score plus 30% of the second inspection score. This calculation is meant to show
that no matter how good the rectification work is, the best construction method is doing
things right the first time. (6) If neither the 1st nor the 2nd examination achieves a score
of 8 and above, the 3rd examination will be considered as zero. The reason is that there is
too much rectification work, indicating that the quality of the work is not good. (7) The
QP score per item is the average score per position (not per inspection) multiplied by the
item’s weight. (8) The QP sum of each type of work is shown in the calculation table to
facilitate monitoring of the score for each type of work. A full score is the highest score
based on a weighting system. It is worth noting that it is necessary to pay attention to the
position with a score of zero. Once there is a position with a score of zero, it means that
there is a position with seriously unqualified quality in this project. Even if the total score
is high, it cannot be treated as a high-quality project. This work of identifying zero can be
done quickly using Excel.
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Table 2. Quality performed computation sheet.

Category
of Work

Type
of Work

Weightages
(%) (A)

Sub-Weightages
Location Sum

(B)

Max.
Score

(C)

Sum/Max.
Score

(D = B/C)

To Date
Attained

(E = A × D)

Sum of to-Date
Attained (F)

Full Score
(G)

QP
(H = F/G)1 2 3 4 5 6 7 8 9 10

Structural work
(40%)

Formwork 7%

1st
inspection 70% 6 7 8 8 9 7 9 8 7 8

78.8 100 78.80% 5.52%

27.01% 34% 79%

2nd
inspection 30% 8 8 9 8

Sub-total 6.6 7.3 8 8 8 7.6 9 8 7.3 8

Rebar 8%

1st
inspection 70% 8 8 8 9 8 9 8 9 8 8

83 100 83.00% 6.64%2nd
inspection 30%

Sub-total 8 8 8 9 8 9 8 9 8 8

Finished
concrete 8%

1st
inspection 70% 7 7 6 8 8 9 8 7 8 7

76.5 100 76.50% 6.12%2nd
inspection 30% 8 8 8 6 9

Sub-total 7.3 7.3 6.6 8 8 9 8 6.7 8 7.6

Concrete
quality 6%

1st
inspection 70% 8 8 8 8 7 8 8 8 9 8

80.6 100 80.60% 4.84%2nd
inspection 30% 9

Sub-total 8 8 8 8 7.6 8 8 8 9 8

Steel rein-
forcement

quality
5%

1st
inspection 70% 8 8 8 7 6 8 8 8 8 8

77.9 100 77.90% 3.90%2nd
inspection 30% 8 8

Sub-total 8 8 8 7.3 6.6 8 8 8 8 8

Total 27.01% 34.00% 79.43%
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The QP computation sheet used the weightage system to convert the scores achieved
by the contractor to QP. The weightage system shown in Table 2 was derived from a
self-administrated questionnaire distributed to relevant stakeholders. A total of 390 valid
responses out of 2000 were collected from the respondents in Malaysia and Singapore.
It was noted that the CONQUAS®’s weightage system was also derived from a similar
approach [48]. The QP generated would then be implemented into Equation (1), acting as
the quality metric embedded in the EVM interface. The newly introduced quality metric,
namely Quality Consumption (QCt), is a new “value” to be embedded into the EVM to
complete the functionality of the EVM in triple constraints context.

Quality Consumption = (Actual Cost to achieve the quality) × (Quality Performed) (1)

There were two variables in this QCt: Quality Performed (QP) and AC. AC is the
same AC as in the EVM methodology, referring to the actual cost of work performed. The
concept of QCt is formulated based on the EV concept derived from Equation (2):

EV = Budgeted Cost spent (BC) × Work Performed (%) (2)

The formula for QCt is similar to the EV formula, whereby QCt’s formula substituted
the Work Performed for Quality Performed to calculate the contractor’s quality perfor-
mance. QCt represents the quality that the contractor within the approved budget has
earned. The outcome of an end product in QCt is quality consumption. The quality of a
product could be determined by comparing a set of inherent characteristics against a set
of requirements [49]. Quality refers to a standard, whereas grade refers to features or the
characteristics of a material, a service, or a category assigned to deliverables having the
same functional use but different technical characteristics.

Hence, all products have their quality value, good or poor. Stakeholders would get
what they pay for, and an item’s quality means that it is indeed what it was intended
to be [3]. QCt is the new “value” developed by this study to be incorporated into the
EVM interface. In addition, a computation tabulation, namely the QST-EVM sheet as per
Table 3, was developed for triple constraints management in a single setting, which is
an enhanced version of the existing EVM interface, whereby the formula to calculate the
metrics and variables of the existing EVM remained unchanged, with some additional
equations developed by this study to cover the total quality scope. Table 3 shows a scoring
value for an actual project; it is worth noting that a higher AC will lead to a higher QCt,
although the quality of the actual execution remains the same (refer to the 3rd and 6th
months). Differences in progress do not affect QC values (refer to Months 10 and 11). This
is because QC is the actual cost used to achieve quality performance. (1) The variables of
PQV are AC and quality target. The higher the AC, the higher the PQV (see Months 4, 6,
10, and 14). Usually, the quality goals will remain the same because the quality goals are
set for the entire project. Therefore, the PQV is highly dependent on the AV, since the AV
describes the progress of the project work at any given point in the project schedule, the
PQV will represent the progress of the project quality work at any given point in the project
schedule. (2) QV depends on QC and PQV, and QC is equal to QC minus PQV. When the
QP is above the target, a positive QV will be recorded (refer to the 9th and 10th months), if
the opposite, a negative QV (refer to the 5th and 6th months) will be recorded. (3) With
this in mind, it is important to determine the performance metrics for each constraint. QPI
is influenced by cost and quality performance, as observed in Months 4, 6, 9, 12, 16, and
19. QPI is directly affected by AC and QP: when QP is higher than expected, QPI will be
greater than 1.00 (refer to Months 31 and 32); when QP is lower than expected, QPI will be
less than 1.00 (refer to Months 11 and 12); when QP is the same as expected, QPI will be
equal to 1.00 (refer to Months 16 and 34).
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Table 3. QST-EVM sheet.

Description
Period

15 January
(Month 1)

15 February
(Month 2)

15 March
(Month 3)

15 April
(Month 4)

15 May
(Month 5)

15 June
(Month 6)

15 July
(Month 7)

15 August
(Month 8)

15 September
(Month 9)

15 October
(Month 10)

Cost Contract
sum (RM) (a) 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000

(million) Payment to-
date (RM) (b) 958,900 1,106,500 2,030,600 2,869,100 3,396,000 5,253,500 5,620,700 6,747,900 8,568,600 9,198,000

Schedule
Target (%) (c) 3.6 7.5 13.1 19.5 26 34.7 39.5 44.9 13.6 14.9

Actual (%) (d) 1.2 3.1 5.7 7.9 8.7 11.2 13.4 15 14 14.9

Quality score

Target (%) (e) 80 80 80 80 80 80 80 80 80 80

Actual
(to-date

attained) (f)
69.7 70 72.1 72.6 73.2 74 75.1 75.7 76.2 77.2

PV (a) × (c) 3,600,000 75,000 13,100,000 19,500,000 26,000,000 34,700,000 39,500,000 44,900,000 13,600,000 14,900,000

AC (b) 958,900 1,106,500 2,030,600 2,869,100 3,396,000 5,253,500 5,620,700 6,747,900 8,568,600 9,198,000

EV (a) × (d) 1,200,000 3,100,000 5,700,000 7,900,000 8,700,000 11,200,000 13,400,000 15,000,000 14,000,000 14,900,000

PQV AC × (e) 767,120 885,200 1,624,480 2,295,280 271,800 4,202,800 4,496,560 5,398,320 6,854,880 7,358,400

QCt AC × (f) 668,353.3 774,550 1,464,062.6 2,082,966.6 2,485,872 3,887,590 4,221,145.7 5,108,160.3 6,529,273.2 7,100,856

CV EV-AC 241,100 193,500 3,669,400 5,030,900 5,304,000 5,956,500 7,779,300 8,252,100 5,431,400 5,702,000

SV EV-PV 2,400,000 4,400,000 7,400,000 11,600,000 17,300,000 23,500,000 26,100,000 29,900,000 400,000

QV QCt-PQC 98,766.7 110,650 160,417.4 212,313.4 230,828 315,210 275,414.3 290,157.7 325,606.8 257,544

CPI EV/AC 1.25 2.8 2.81 2.75 2.56 2.13 2.38 2.22 1.63 1.62

SPI EV/PV 0.33 0.41 0.44 0.41 0.33 0.32 0.34 0.33 1.03 1

QPI QCt/PQV 0.87 0.88 0.9 0.91 0.92 0.93 0.94 0.95 0.95 0.97
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Table 3. Cont.

Description
Period

15 November
(Month 11)

15 December
(Month 12)

16 January
(Month 13)

16 February
(Month 14)

16 March
(Month 15)

16 April
(Month 16)

16 May
(Month 17)

16 June
(Month 18)

16 July
(Month 19)

16 August
(Month 20)

Cost
(million)

Contract
sum (RM) (a) 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000

Payment to-
date (RM) (b) 12,107,600 13,686,000 14,630,000 16,076,900 17,213,700 18,957,700 20,902,200 22,085,700 25,073,900 26,995,600

Schedule
Target (%) (c) 15.8 18.1 21 24.9 28.9 35.2 39.3 44.7 49 53.4

Actual (%) (d) 15.8 17.2 18.2 19.1 21 23.8 26 27.7 29.9 31.7

Quality score

Target (%) (e) 80 80 80 80 80 80 80 80 80 80

Actual
(to-date

attained qf)
76.8 77.8 77.2 77.6 78.8 79.8 80.4 81.6 80.8 81.9

PV (a) × (c) 15,800,000 18,100,000 21,000,000 24,900,000 28,900,000 35,200,000 39,300,000 44,700,000 49,000,000 53,400,000

AC (b) 12,107,600 13,686,000 14,630,000 16,076,900 17,213,700 18,957,700 20,902,200 22,085,700 25,073,900 26,995,600

EV (a) × (d) 15,800,000 17,200,000 18,200,000 19,100,000 21,000,000 23,800,000 26,000,000 27,700,000 29,900,000 31,700,000

PQV AC × (e) 9,686,080 10,948,800 11,704,000 12,861,520 13,770,960 15,166,160 16,721,760 17,668,560 20,059,120 21,596,480

QCt AC × (f) 9,298,636.8 10,647,708 11,294,360 12,475,674.4 13,564,395.6 15,128,244.6 16,805,368.8 18,021,931.2 20,259,711.2 22,109,396.4

CV EV-AC 3,692,400 3,514,000 3,570,000 3,023,100 3,786,300 4,842,300 5,097,800 5,614,300 4,826,100 4,704,400

SV EV-PV 900,000 2,800,000 5,800,000 7,900,000 11,400,000 13,300,000 17,000,000 19,100,000 21,700,000

QV QCt-PQC 387,443.2 301,092 409,640 385,845.6 206,564.4 37,915.4 83,608.8 353,371.2 200,591.2 512,916.4

CPI EV/AC 1.3 1.26 1.24 1.19 1.22 1.26 1.24 1.25 1.19 1.17

SPI EV/PV 1 0.95 0.87 0.77 0.73 0.68 0.66 0.62 0.61 0.59

QPI QCT/PQV 0.96 0.97 0.97 0.97 0.99 1 1.01 1.02 1.01 1.02
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Table 3. Cont.

Description
Period

16 September
(Month 21)

16 October
(Month 22)

16 November
(Month 23)

16 December
(Month 24)

17 January
(Month 25)

17 February
(Month 26)

17 March
(Month 27)

17 April
(Month 28)

17 May
(Month 29)

17 June
(Month 30)

Cost
(million)

Contract
sum (RM) (a) 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000

Payment to-
date (RM) (b) 28,442,300 30,022,900 31,431,700 32,789,400 35,971,600 41,461,200 44,184,400 49,170,500 51,097,100 56,358,200

Schedule
Target (%) (c) 59.6 63.4 67.5 71.6 41.4 44.9 48.7 52.8 55.5 61.1

Actual (%) (d) 33.9 36.3 38.6 40.8 43.1 47.7 52.2 57.1 60.4 66

Quality score

Target (%) (e) 80 80 80 80 80 80 80 80 80 80

Actual
(to-date

attained qf)
82.6 83 83.6 83.9 84.3 84.2 84.3 84.9 85.3 85.4

PV (a) × (c) 59,600,000 6,340,0000 67,500,000 71,600,000 41,400,000 44,900,000 48,700,000 52,800,000 55,500,000 61,100,000

AC (b) 28,442,300 30,022,900 31,431,700 32,789,400 35,971,600 41,461,200 44,184,400 49,170,500 51,097,100 56,358,200

EV (a) × (d) 33,900,000 36,300,000 38,600,000 40,800,000 43,100,000 47,700,000 52,200,000 57,100,000 60,400,000 66,000,000

PQV AC × (e) 22,753,840 24,018,320 25,145,360 26,231,520 28,777,280 33,168,960 35,347,520 39,336,400 40,877,680 45,086,560

QCt AC × (f) 23,493,339.8 24,919,007 26,276,901.2 27,510,306.6 30,324,058.8 34,910,330.4 37,247,449.2 41,745,754.5 43,585,826.3 48,129,902.8

CV EV-AC 5,457,700 6,277,100 7,168,300 8,010,600 7,128,400 6,238,800 8,015,600 7,929,500 9,302,900 9,641,800

SV EV-PV 25,700,000 2,7100,000 28,900,000 30,800,000 1,700,000 2,800,000 3,500,000 4,300,000 4,900,000 4,900,000

QV QCt-PQC 739,499.8 900,687 1,131,541.2 1,278,786.6 1,546,778.8 1,741,370.4 1,899,929.2 2,409,354.5 2,708,146.3 3,043,342.8

CPI EV/AC 1.19 1.21 1.23 1.24 1.2 1.15 1.18 1.16 1.18 1.17

SPI EV/PV 0.57 0.57 0.57 0.57 1.04 1.06 1.07 1.08 1.09 1.08

QPI QCt/PQV 1.03 1.04 1.05 1.05 1.05 1.05 1.05 1.06 1.07 1.07
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Table 3. Cont.

Description
Period

17 July
(Month 31)

17 August
(Month 32)

17 September
(Month 33)

17 October
(Month 34)

17 November
(Month 35)

17 December
(Month 36)

17 January
(Month 37)

17 February
(Month 38)

17 March
(Month39)

17 April
(Month 40)

Cost
(million)

Contract
sum (RM) (a) 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000

Payment to-
date (RM) (b) 60,123,600 64,110,300 67,434,100 74,001,000 76,078,700 80,395,700 83,316,700 84,370,600 88,642,200 89,201,400

Schedule
Target (%) (c) 65.2 71.5 75.9 83.2 89.7 95 98.1 100 100 100

Actual (%) (d) 70.7 77.9 81.3 90.1 93.7 96.8 98.9 100 100 100

Quality score

Target (%) (e) 80 80 80 80 80 80 80 80 80 80

Actual
(to-date

attained qf)
83.9 82.5 82.5 80.3 81.8 81.8 82 82.2 82.2 82.2

PV (a) × (c) 65,200,000 71,500,000 75,900,000 83,200,000 89,700,000 95,000,000 98,100,000 100,000,000 100,000,000 100,000,000

AC (b) 60,123,600 64,110,300 67,434,100 74,001,000 76,078,700 80,395,700 83,316,700 84,370,600 88,642,200 89,201,400

EV (a) × (d) 70,700,000 77,900,000 81,300,000 90,100,000 93,700,000 96,800,000 98,900,000 100,000,000 100,000,000 100,000,000

PQV AC × (e) 48,098,880 51,288,240 53,947,280 59,200,800 60,862,960 64,316,560 66,653,360 67,496,480 70,913,760 71,361,120

QCt AC × (f) 50,443,700.4 52,890,997.5 55,633,132.5 59,422,803 62,232,376.6 65,763,682.6 68,319,694 69,352,633.2 72,863,888.4 73,323,500.8

CV EV-AC 10,576,400 13,789,700 13,865,900 16,099,000 17,621,300 16,404,300 15,583,300 15,629,400 11,357,800 10,798,600

SV EV-PV 5,500,000 6,400,000 5,400,000 6,900,000 4,000,000 1,800,000 800,000 _ _ _

QV QCt-PQC 2,344,820.4 1,602,757.5 1,685,852.5 222,003 1,369,416.6 1,447,122.6 1,666,334 1,856,153.2 1,950,128.4 1,962,430.8

CPI EV/AC 1.18 1.22 1.21 1.22 1.23 1.2 1.19 1.19 1.13 1.12

SPI EV/PV 1.08 1.09 1.07 1.08 1.04 1.02 1.01 1 1 1

QPI QCt/PQV 1.05 1.03 1.03 1 1.02 1.02 1.03 1.03 1.03 1.03
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In order to have better control and monitoring in quality management, quality per-
formance indicators were established and termed Quality Variance (QV) and Quality
Performance Index (QPI). A reference point was required to identify QV. Planned Quality
Value (PQV) was developed as the budgeted cost of the quality performed, meaning the
estimated budget for the physical work that should have been accomplished. As calculated
in Equation (3), PQV used the same principle as QCt to identify the budgeted cost of the
quality performed:

Planned Quality Value (PQV) = Actual Cost (AC) × Target QP Score (%) (3)

Not all stakeholders would require their end products to score 100% in quality. For
example, the project stakeholders might only request the building to achieve 70% of quality
for a low-cost housing building. As a project progresses, there is a possibility that the quality
target has to be changed due to stakeholder requests for better quality or stakeholders
compromising the quality requirement for other constraints. This change could be done
and registered into the proposed QST-EVM sheet for control and monitoring purposes.
Further to that, two more tracking indicators to track the performance of quality, namely
Quality Variance (QV) and Quality Performance Index (QPI), were developed, and the
formulas to calculate QV and QPI are in Equations (4) and (5):

Quality Variance (QV) = Quality Consumption (QCt) − Planned Quality Value (PQV) (4)

Quality Performance Index (QPI) = Quality Consumption (QCt)/Planned Quality Value (PQV) (5)

QV describes the gap between the actual quality performed against the planned quality.
QPI describes the performance index of the quality performed against its planned quality.
The functions of these two indicators were used to monitor the quality performance of a
project and to indicate variance between planned quality and the actual quality performance.
Through these two performance indicators, project stakeholders can quickly identify the
quality performance of a project portfolio to make an informed decision either to add in
more resources or to withdraw resources from the project portfolio.

4. Results and Case Study
4.1. Standard Operating Procedures (SOPs) of Developed QST-EVM System

A few simple steps were required to conduct the inspection and collect the quality
scores (quality performed by the contractor). Upon collecting the quality scores, they were
typed into a computation sheet to calculate the overall quality scores achieved by the
project. Figure 3 illustrates the SOPs to inspect by QST-EVM. The details of each step are
as follows:

• Step 1: Contractor finishes preparation work.

The contractor gets ready for the work prior to any inspection. All the preparation
works need to be done under the specification stated in the construction drawing.

• Step 2: Contractor submits Inspection Application (IA) form.

Upon completing the preparation works, the contractor submits the IA form to request
an inspection. Issuance of an IA form by the contractor indicates that the contractor has
reviewed the work and found the work to be complete and in compliance with the contract
documents. A sample IA form is shown in Figure 4.

• Step 3: Consultant/representative inspects the work together with quality assessment
by using the CONQUAS standard.

The consultant/representative inspects the work as per the IA form on the schedule as
outlined in the said form. Upon the inspection, they can either approve or comment on the
said work using their best knowledge. At the same time, the inspector marks the QP of the
said work. The items to be inspected are the same as the CONQUAS system; the marks to
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be given, however, are different from the CONQUAS standard. The inspector will mark the
inspected work under the CONQUAS system, with a scale from 0 to 10 marks, with 0 being
the lowest and 10 the highest score. One mark will be deducted for each non-compliance.
The passing score for a one-time inspection is 8 marks and above, failing which a second
inspection is required.

• Step 4: Consultant/representative approves/rejects the work.

If the consultant/representative approves the said work, the contractor can proceed
with the subsequent work. However, if the consultant/representative comments on the
said work, the contractor cannot proceed with the subsequent work until all comments
have been complied with and the work has been re-inspected. In both circumstances,
the consultant/representative will be requested to indicate the QP by the contractor in
the space given in the form, using the CONQUAS standard. The QP marks will then be
recorded and registered into the computation sheet for further analysis.

Figure 5 presents the developed QST-EVM sample graph, which the project team can
use. This QST-EVM is a single graph that shows the triple constraints, and it can assist the
project team in tracking the performance of a project in the context of the triple constraints.
Figure 6 summarizes the entire Standard Operating Procedure to implement QST-EVM for
easy reference in the construction industry.
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Project : ________________________________________________ Issue to : ________________________________________________

Phase : ________________________________________________ Issue by : ________________________________________________

Project Code : ________________________________________________ Reference No : ________________________________________________

Contractor's request Requested by,

The following work(s) will be ready for inspection at __________________ am / pm, on _____________________ (date) Name : __________________

The said work(s) intended to commence at ____________________ am / pm, on ________________________  (date) Signature : __________________

Date : __________________

Descripton of Work(s) Received by,

Location : _____________________________________________________________________________________ Name : __________________

Type of work(s) : _____________________________________________________________________________________ Signature : __________________

Date : __________________

1st Inspection Please tick: Quality Scored:

1) Work(s) as described above has been inspected and accepted, contractor is allowed to proceed.

2) Work(s) as described above has NOT been accepted, remedial work(s) listed below and/ or in the checklist is to be completed, 

     complied, and reinspected:

     Comment(s) : ___________________________________________________

____________________________________________________

____________________________________________________

Inspected by, Received by, 2nd Inspection would be held:

Name : ________________________ Name : ________________________ Date : __________________

Signature : ________________________ Signature : ________________________ Time : __________________

Date : ________________________ Date : ________________________

2nd Inspection Please tick: Quality Scored:

1) Work(s) as described above has been inspected and accepted, contractor is allowed to proceed.

2) Work(s) as described above has NOT been accepted, remedial work(s) listed below and/ or in the checklist is to be completed, 

     complied, and reinspected:

     Comment(s) : ___________________________________________________

____________________________________________________

____________________________________________________

Inspected by, Received by, 3rd Inspection would be held:

Name : ________________________ Name : ________________________ Date : __________________

Signature : ________________________ Signature : ________________________ Time : __________________

Date : ________________________ Date : ________________________

REQUEST FOR INSPECTION

Figure 4. Sample of Request for Inspection Form.
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4.2. Validation via Case Study

The proposed calculation table and QST-EVM method is a new tool; the feasibility of
its operation and reliability of the results needs to be tested in practical engineering practice.
Therefore, we selected four projects in Klang Valley, Malaysia, to conduct the QST-EVM
experiment. A summary of these four projects is shown in Table 4. These four projects were
contracted by the same firm but are different in characteristics. The purpose of selecting
four projects was to validate the functionality of QST-EVM under different scenarios and
features. The quality inspection involved daily construction inspections. In the current
construction practice, a contractor submits an IA form to the consultant to indicate that
they have reviewed their work and found the work to be completed in compliance with
the contract documents. The consultant inspects the completed work and either accepts,
accepts with condition/s, or rejects that particular type of work. The subsequent works
can only be carried out upon acceptance in the IA form. The IA form is used as a quality
inspection instrument to ensure all areas in the construction work are being inspected.
Quality achievements for Projects A, B, C, and D are presented in Figure 7.

Every time the contractor finishes a preparation work, they must submit the IA form to
request an inspection. Upon receiving the IA form, the consultant and the in-house trained
auditor carry out an inspection based on drawing specifications and the CONQUAS®

quality standard. The in-house trained auditor gives a QP score based on the CONQUAS®

quality standard, and the QP score is then registered into the QP computation sheet to
generate the To-Date Attained QP. Some projects in this portfolio were still ongoing, while
some were already completed. Therefore, the cut-off date for all four case studies in this
research was August 2018.
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Table 4. Project Summary.

Description Project A Project B Project C Project D

Initial project cost RM 50,062,900.00 RM 48,752,800.00 RM 100,000,000.00 RM 197,580,500.00

Current/actual project cost RM 50,062,900.00 RM 22,858,000.00
(as of May 2018) RM 94,462,500.00 RM 22,111,900.00

(as of May 2018)
Initial contract period 18 months 18 months 24 months 26 months

Current/actual completion 31 months
(100% completed) 67.6% (as of May 2018) 38 months

(100% completed) 25.5% (as of May 2018)

Initial quality target 80.00% 80.00% 80.00% 80.00%
Current/actual

quality achievement 84.60% 79.00% 82.20% 80.50%

Project A: Low-rise bungalows and semi-detached houses; Project B: High-rise residential apartment; Project C: A
commercial hub with retail shops and office towers; Project D: High-rise mixed development (hotel, residential
apartment, and retail shops).

The To-Date Attained QP was then registered into the QST-EVM computation sheet
monthly. At the same time, the project portfolio management team was required to fill in
relevant project information (target schedule, actual schedule, contract sum, payment to
date) in the QST-EVM computation sheet. Microsoft Excel was used as the computation
sheet because its flexible and relevant equations could be formulated for calculation pur-
poses. The project portfolio management team used the QST-EVM sheet to conduct detailed
analysis on QCt, QV, and QPI to identify the performance variances in cost, schedule, and
quality performance against the budgeted/planned performance. The triple constraints
management could be conducted in one setting in QST-EVM, which significantly reduced
the project portfolio management team’s workload compared with using different tools to
track different constraints.

Project C’s QST-EVM computation sheet is shown in Table 3 as an example. It should
be noted that Project C’s QCt was recorded as higher than the PQV, resulting in a QCt
surplus from Month 17 onwards. A slight drop was recorded from Month 31 onwards.
Analysis of Project C was then conducted using QST-EVM; the outcome revealed that
the reason quality performance dropped was because the contractor was too focused on
catching up on the schedule performance. The SPI recorded in Month 24 was 0.57, and that
was the third consecutive month the schedule performance remained low. An Extension of
Time was granted to the contractor at Month 25 to extend the project completion date. This
resulted in the SPI changing from under budget to above budget (SPI more than 1.00). From
Month 25 onwards, the project progress was able to significantly catch up in completion
percentage (Actual Schedule %). The over-performed cost was reduced, coming closer to
the as-planned cost (CPIs closer to 1.00).

After Month 25, the project portfolio management team monitored the performance of
the triple constraint very carefully to ensure that the project could be completed as planned.
Although a slight drop was recorded in QPI, it did not affect the overall quality performance
in Project C (QPI remained above 1.00). The surplus in quality in the months before Month
31 was compromised in order to catch up on the schedule performance. Additional costs
were injected into the project to accelerate the schedule performance (CV significantly
improved from Month 31 to Month 32). QST-EVM played an important role in Project C
by indicating the warning signs of low performance in the schedule and recommending
compromising the over-provided quality to catch up on the work program. The same
protocol was applied to the other three projects within the same portfolio, and the results
constantly reflected that the QST-EVM’s functionality was as expected. QST-EVM Graphs
for Projects A, B, C, and D are presented in Figure 8.
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4.3. QST-EVM Results in Portfolio Management

QST-EVM was created based on the EVM interface, and it was validated through case
studies proving that QST-EVM could facilitate triple constraints management. In the EVM
context, the project performance was measured by integrating the scope baseline with the
cost baseline and the schedule baseline to form the performance baseline (PMI, 2017; PMI,
2013). In other words, each indicator in EVM was a value or the performance measurement
baseline of the cost and schedule at a given point in time. This is an essential point to
be noted because these values could be added to one another. A project’s progress was
made based on the Work Breakdown Structure (WBS); each activity in the project was one
event in WBS, and each event had its PV, AC, and EV. The overall project performance was
measured by adding up all the PV, AC, and EV of each event, forming the entire portfolio’s
performance. Figure 9 illustrates QST-EVM in project and portfolio management using the
WBS concept. Looking at WBS (C), each work package had its PV, AC, EV, PQV, and QCt.
All these indicators in different work packages were summed up and formed QST-EVM
at the project level. In the WBS (B), the individual project QST-EVM became the indicator
of a program, and that program eventually generated a QST-EVM at the portfolio level.
Using the WBS concept, QST-EVM could be applied to all levels of management, such as
portfolio, program, project, and even individual work packages.
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Figure 9. QST-EVM in Portfolio WBS.

QST-EVM used tabulation to create a link between the indicators at each level within
a portfolio based on the WBS concept. The WBS of each level had its QST-EVM sheet. For
instance, if an organization has three levels in the portfolio, it has two levels of WBS and
two levels of QST-EVM. A QST-EVM-WBS table was created as per Table 5 to manage
QST-EVM in the WBS concept. Projects within the same portfolio might have different
project durations, commencements, and completion times. Therefore, Table 5 was created,
taking into account the project duration. The project indicators were registered based on
the timeframes. The first section in Table 5 included the individual indicators, whereby
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all individual project indicators were enrolled in this section. The second section was the
macro QST-EVM for the entire portfolio. The macro indicators were generated by tallying
up the individual indicators of each project in the same month. If two projects were running
concurrently in the same month, the macro indicators would be the summed indicators
of the said projects. The four projects in the case study were registered into the QST-
EVM-WBS sheet, and a quarterly report of that QST-EVM-WBS is shown in Table 5. The
QST-EVM-WBS was able to assist the project portfolio management team in (1) monitoring
portfolio performance; (2) identifying, eliminating, minimizing, and diversifying risks;
(3) maximizing the resources in the organization across different projects; and (4) enabling
prioritization and selection of projects. There were three key performance indexes in
QST-EVM-WBS: CPI, SPI, and QPI.

These three performance indexes were intended to provide the earliest warning in
terms of the entire portfolio. When any of these indexes was lesser than 1.0, it reflected
that the particular performance was lower than planned. Using the performance indexes,
a project portfolio management team was enabled to monitor the project performance in
a macro view. Besides using the function of identifying, eliminating, minimizing, and
diversifying risks, the organization could take a step further to analyze each project’s
contribution and adjust particular projects toward the entire portfolio’s success. For exam-
ple, when it was identified that a project in the portfolio was having low performance in
scheduling, additional resources were to be provided by the portfolio manager (either fresh
new resources or diverted from other projects that had advanced progress) to advance the
project. However, if a project contributed the most to the entire portfolio, relevant priorities
would be established to safeguard the entire portfolio.

The functionality of QST-EVM-WBS was integrated concurrently to maximize its
capability. For instance, the schedule performance for April 2016, July 2016, and October
2016 were far behind the original plan (SPI ≈ 0.65), which indicated that the projects were
running behind schedule. Since the risk of portfolio delays was detected, an analysis was
required of the individual project’s QST-EVM to find out the root cause of that delay and
possibly eliminate/minimize the risk of portfolio delays. At the same time, it was noted that
there was a surplus in the quality performance. Therefore, the project portfolio management
team would maximize the resources across projects by diversifying the resources invested
in quality to catch up on the portfolio schedule.
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Table 5. QST-EVM-WBS Quarterly Report.

Period Indicators
Project

A
Project

B
Project

C
Project

D
Macro Eqvm (Portfolio)

PV AC EV PQV QCt CV SV QV CPI SPI QPI

15 January

PV 3,600,000.00

3,600,000.00 958,900.00 1,200,000.00 767,120.00 668,353.30 241,100.00 2,400,000.00 98,766.70 1.25 0.33 0.87

AC 958,900.00

EV 1,200,000.00

PQV 7,671,20.00

QCt 668,353.30

15 April

PV 19,500,000.00

19,500,000.00 2,869,100.00 7,900,000.00 2,295,280.00 2,082,966.60 5,030,900.00 11,600,000.00 212,313.40 2.75 0.41 0.91

AC 2,869,100.00

EV 7,900,000.00

PQV 2,295,280.00

QCt 2,082,966.60

15 July

PV 39,500,000.00

39,500,000.00 5,620,700.00 13,400,000.00 4,496,560.00 4,221,145.70 7,779,300.00 26,100,000.00 275,414.30 2.38 0.34 0.94

AC 5,620,700.00

EV 13,400,000.00

PQV 4,496,560.00

QCt 4,221,145.70

15 October

PV 14,900,000.00

14,900,000.00 9,198,000.00 14,900,000.00 7,358,400.00 7,100,856.00 5,702,000.00 _ 257,544.00 1.62 1.00 0.97

AC 9,198,000.00

EV 14,900,000.00

PQV 7,358,400.00

QCt 7,100,856.00

16 January

PV 7,359,246.30 21,000,000.00

28,359,246.30 18,385,700.00 24,057,359.30 14,708,560.00 14,355,255.50 5,671,659.30 4,301,887.00 353,304.50 1.31 0.85 0.98

AC 3,755,700.00 14,630,000.00

EV 5,857,359.30 18,200,000.00

PQV 3,004,560.00 11,704,000.00

QCt 3,060,895.50 11,294,360.00

16 April

PV 11,113,963.80 35,200,000.00

46,313,963.80 28,682,000.00 31,860,126.90 22,945,600.00 23,257,759.40 3,178,126.90 14,453,836.90 312,159.40 1.11 0.69 1.01

AC 9,724,300.00 18,957,700.00

EV 8,060,126.90 23,800,000.00

PQV 7,779,440.00 15,166,160.00

QCt 8,129,514.80 15,128,244.60
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Table 5. Cont.

Period Indicators
Project

A
Project

B
Project

C
Project

D
Macro Eqvm (Portfolio)

PV AC EV PQV QCt CV SV QV CPI SPI QPI

16 July

PV 21,727,298.60 49,000,000.00

70,727,298.60 41,744,100.00 43,617,234.60 33,395,280.00 33,612,541.40 1,873,134.60 27,110,064.00 217,261.40 1.04 0.62 1.01

AC 166,702,00.00 25,073,900.00

EV 13,717,234.60 29,900,000.00

PQV 1,336,160.00 20,059,120.00

QCt 13,352,830.20 20,259,711.20

16 October

PV 33,191,702.70 63,400,000.00

96,591,702.70 52,614,300.00 64,585,538.50 42,091,440.00 43,353,589.40 11,971,238.50 32,006,164.20 1,262,149.40 1.23 0.67 1.03

AC 22,591,400.00 30,022,900.00

EV 28,285,538.50 36,300,000.00

PQV 18,073,120.00 24,018,320.00

QCt 18,434,582.40 24,919,007.00

17 January

PV 40,150,445.80 41,400,000.00

81,550,445.80 65,251,700.00 77,643,401.00 52,201,360.00 54,626,541.80 12,391,701.00 3,907,044.80 2,425,181.80 1.19 0.95 1.05

AC 2,928,0100.00 35,971,600.00

EV 34,543,401.00 43,100,000.00

PQV 23,424,080.00 28,777,280.00

QCt 24,302,483.00 30,324,058.80

17 April

PV 49,512,208.10 52,800,000.00

102,312,208.10 82,679,200.00 96,849,942.60 66,143,360.00 69,692,010.30 14,170,742.60 5,462,265.50 3,548,650.30 1.17 0.95 1.05

AC 33,508,700.00 49,170,500.00

EV 39,749,942.60 57,100,000.00

PQV 26,806,960.00 39,336,400.00

QCt 27,946,255.80 41,745,754.50

17 July

PV 44,756,232.60 926,303.20 65,200,000.00 6,915,317.50

117,797,853.30 100,784,900.00 116,823,590.00 80,627,920.00 84,441,142.10 16,038,690.00 974,263.30 3,813,222.10 1.16 0.99 1.05

AC 38,085,800.00 1,414,500.00 60,123,600.00 1,161,000.00

EV 43,704,911.70 877,550.40 70,700,000.00 1,541,127.90

PQV 30,468,640.00 1,131,600.00 48,098,880.00 928,800.00

QCt 32,144,415.20 991,564.50 50,443,700.40 861,462.00

17 October

PV 48,110,446.90 10,189,335.20 83,200,000.00 25,013,691.30

166,513,473.40 125,172,900.00 158,374,234.35 100,138,320.00 102,052,070.40 33,201,334.35 8,139,239.05 1,913,750.40 1.27 0.95 1.02

AC 41,509,200.00 4,743,000.00 74,001,000.00 4,919,700.00

EV 47,509,692.10 8,336,728.80 90,100,000.00 12,427,813.45

PQV 33,207,360.00 3,794,400.00 59,200,800.00 3,935,760.00

QCt 35,116,783.20 3,694,797.00 59,422,803.00 3,817,687.20
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Table 5. Cont.

Period Indicators
Project

A
Project

B
Project

C
Project

D
Macro Eqvm (Portfolio)

PV AC EV PQV QCt CV SV QV CPI SPI QPI

18 January

PV 49,061,642.00 17,551,008.00 98,100,000.00 31,810,460.50

196,523,110.50 148,563,200.00 181,553,377.90 118,850,560.00 121,892,934.40 32,990,177.90 14,969,732.60 3,042,374.40 1.22 0.92 1.03

AC 43,464,700.00 11,061,200.00 93,316,700.00 10,720,600.00

EV 48,110,446.90 17,551,008.00 98,900,000.00 16,991,923.00

PQV 34,771,760.00 8,848,960.00 66,653,360.00 8,576,480.00

QCt 36,771,136.20 8,450,756.80 68,319,694.00 8,351,347.40

18 April

PV 49,962,774.20 32,371,859.20 100,000,000.00 43,467,710.00

225,802,343.40 172,908,100.00 205,716,925.90 138,326,480.00 142,387,168.20 32,808,825.90 20,085,417.50 4,060,688.20 1.19 0.91 1.03

AC 45,546,300.00 19,862,100.00 89,201,400.00 18,298,300.00

EV 49,512,208.10 30,519,252.80 100,000,000.00 25,685,465.00

PQV 36,437,040.00 15,889,680.00 71,361,120.00 14,638,640.00

QCt 38,532,169.80 15,929,404.20 73,323,550.80 14,602,043.40
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5. Comparison of QST-EVM with Existing Methodologies

QST-EVM is a quality assessment method that provides quality performance indi-
cators. Quality performance indicators can help manage quality performance, such as
performance measurement, performance comparison, and performance analysis. QPAM
was proven to be beneficial to the construction industry during a series of validation
processes ranging from commissioning and scenario analysis to real-world case studies.
Using the performance measurement feature allows the project team to monitor the quality
performance of the project; using the performance comparison feature, the project team can
compare the quality achievements of multiple projects, given the performance analysis will
help to identify the strengths and weaknesses of the contractor’s handling of the project.
By combining the above functions in QPAM, continuous improvement in the project im-
plementation phase will be promoted, and a higher quality of the final product of the
project will be achieved. An important contribution of QPAM is its ability to continuously
improve the project from the implementation phase. This is not observed in other similar
quality management tools such as CONQUAS, QLASSIC, or PASS. During the project
implementation phase, one type of work is repeated several times before the project ends.
If a bug or defect typical of that particular job is discovered early in the project, it prevents
the same bug or defect from being repeated until the project is complete. In fact, this will
improve the quality of the entire project and reduce construction waste during the project
implementation phase.

Table 6 lists the detailed comparison between existing methods and QST-EVM for easy
reference. On the other hand, EQVM has two parts, the QST-EVM graph and the QST-EVM
table. Both projects were created to promote triple constraint management in the AEC
industry. The QST-EVM is based on the EVM system, and other indicators such as PQV,
QCt, and QPI are added to the current EVM system. The functions of these three indicators
have been discussed and tested in previous chapters. The case studies show that QST-EVM
is suitable for triple constraint management in the construction industry.

Table 6. Comparison of QST-EVM with Existing Methodologies.

Item QST-EVM CONQUAS QLASSIC PASS

Pl
an

ni
ng

Yes. Yes. Yes. Yes.
Project stakeholders are to set the
quality target for the project team to
achieve. Then, the project team plans
how to achieve the quality target.

A passing mark will be given
before the project starts.

A passing mark will be given
before the project starts.

A passing mark will be given
before the project starts.

Project team plans how to
achieve the passing mark.

Project team plans how to
achieve the passing mark.

Project team plans how to
achieve the passing mark.

O
rg

an
iz

in
g

Yes. No. No. No.
Cross-project references can be made
using the QST-EVM computation
sheet; resource optimization can be
conducted during the project
implementation stage.

CONQUAS is not directly
involved in the project
implementation stage.

QLASSIC is not directly
involved in the project
implementation stage.

PASS is not directly
involved in the project
implementation stage.

C
on

tr
ol

lin
g

Yes. No. No. Yes.

Quality control can be achieved
using IA inspection, and continuous
improvement can be achieved along
the project implementation stage.

Marks will be given as the
quality achievement; there is
no quality control during the
construction stage.

Marks will be given as the
quality achievement; there is
no quality control during the
construction stage.

Regular inspection will be
conducted, and continuous
improvement can be
achieved along the project
implementation stage.

M
on

ito
ri

ng Yes. Yes. Yes. Yes.
All areas will be inspected,
and scores will
be provided.

Selected areas will
be inspected.

Selected areas will
be inspected.

Selected areas will
be inspected.

6. Conclusions

Existing scheduling tools could not monitor the triple constraint’s performance in
one reporting format. The QST-EVM developed in this study has been tested and proven
capable of assisting project portfolio stakeholders in triple constraints planning, organizing,
monitoring, managing, and reporting. Using a single reporting format to manage the triple
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constraints allows project portfolio stakeholders to gain complete insight into the entire
portfolio and make an informed decision based on their organization’s preference. Besides
introducing QST-EVM, this study also took a step to enable knowledge sharing across
projects by introducing a simple way to manage the performance of the triple constraint
at the portfolio level. With this, project portfolio management teams within the same
portfolio could share information amongst them. On the organizational level, the overall
portfolio performance could be managed in one interface, and if required, focus could
be given to a particular project identified as problematic. A detailed analysis could be
carried out to determine the root cause of the problematic project, and lessons learned
from other projects with similar problems could be transferred at the utmost speed within
the portfolio. Allocation of resources would be easier compared to what was previously
practiced. From the academic point of view, this study has minimized the gap in triple
constraints management, quality management, and project portfolio management. From the
practical industry viewpoint, this study created a model for triple constraints management
in both the project and the portfolio context. For better commercialization purposes,
developing mobile apps for better user experiences is recommended for further study.
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