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ABSTRACT 

 

QUALITY INTEGRATED EARNED VALUE MANAGEMENT FOR 

CONSTRUCTION PROJECTS 

 

Akgün, Eray 

Master of Science, Civil Engineering 

Supervisor: Assist. Prof. Dr. Güzide Atasoy Özcan 

 

 

September 2019, 176 pages 

 

Today, construction sector is one of the leading sectors in the world employing 

millions of people and creating an economy of billions of dollars. Therefore, such a 

huge sector must be under control during its all stages in terms of its main components 

namely; cost, time and quality to achieve a unique scope. Numerous studies focus on 

tracking the components of cost and schedule. One of the most commonly used 

methods is EVM (Earned Value Management). EVM is a powerful progress 

measurement method, integrating cost, schedule and scope successfully. However, the 

EVM method lacks one of the major components of the iron triangle, namely the 

quality component. Thus, this study aims to develop a framework which enables 

“Quality integrated Earned Value Method (QEVM)”. With the integration of quality 

to EVM, an extendible, elaborate, and practical quality tracking system is proposed. 

In the literature, several valuable studies focused on the quality or performance 

included Earned Value Management, in recent years; however, the proposed systems 

show significant differences in terms of the employed key performance indicators, 

benchmarks, quality scoring methods and visualization of the QEV. Hence, there is a 

need to compare these systems and identify the areas of modification and 

improvement in order to propose a QEVM framework that is practical, extendible, and 
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elaborate for different stakeholders/tasks, integrating the “quality cost” and 

“productivity of quality” concepts. In this study, after reviewing and analyzing 

literature in terms of QEVM requirements and components, quality tracking checklist 

forms were improved, quality cost and quality productivity concepts were explored. 

Framework components were identified for different level of details of 

stakeholders/tasks, quality scoring methods were compared, and value functions were 

derived to determine the relationship of productivity of quality and cost. Four case 

studies on two different projects were executed to develop and verify the components 

of the framework. As a result of this study, a quality embedded EVM framework was 

suggested. The results of this study can be used to pave the way for more sophisticated 

and software-integrated applications and future studies. 

 

Keywords: Quality Earned Value Management, Quantification of Construction 

Quality, Quality Cost, Quality Productivity, Construction Quality Assessment 
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ÖZ 

 

İNŞAAT PROJELERİ İÇİN KALİTE İLE BÜTÜNLEŞİK KAZANILMIŞ 

DEĞER YÖNETİMİ 

 

Akgün, Eray 

Yüksek Lisans, İnşaat Mühendisliği 

Tez Danışmanı: Dr. Öğr. Üyesi Güzide Atasoy Özcan 

 

 

Eylül 2019, 176 sayfa 

 

Bugün, inşaat sektörü milyonlarca insana iş sağlayan ve milyarlarca dolarlık bir 

ekonomi yaratan dünyada öncül sektörlerden birisidir. Buna binaen, böylesi devasa 

bir sektör tek hedefini başarabilmek için; maliyet, zaman ve kalite olarak adlandırılan 

ana bileşenleri açısından onun tüm aşamaları süresince kontrol altında olmalıdır. Pek 

çok çalışma maliyet ve planlama bileşenlerinin takibine odaklanmaktadır. En yaygın 

kullanılan yöntemlerden birisi KDY (Kazanılmış Değer Yönetimi)’dir. KDY; maliyet, 

planlama ve amacı başarılı bir şekilde bütünleştiren güçlü bir ilerleme ölçüm 

yöntemidir. Fakat, KDY yöntemi, demir üçgenin en esas bileşenlerinden birisi olan 

kalite bileşeninden yoksundur. Buna binaen, bu çalışma, “Kalite ile Bütünleşik 

Kazanılmış Değer Yöntemi (KKDY)”ne olanak sağlayan bir çerçeve geliştirmeyi 

amaçlamaktadır. Kalitenin KDY ile bütünleştirilmesi ile beraber, genişletilebilir, 

ayrıntılı, ve uygulanabilir bir kalite takip sistemi önerilmektedir. Literatürde, özellikle 

son yıllarda, kalite ya da performans içerikli KDY alanında birçok değerli çalışmalar 

vardır; fakat önerilen sistemler kullanılan anahtar performans göstergeleri, ölçütleri, 

kalite puanlama yöntemleri ve KKDY’nin görsellenmesi açılardan önemli farklılıklar 

göstermektedir. Bundan dolayı; farklı paydaşlar ya da görevler için “kalite maliyeti” 

ve “kalite verimliliği” kavramlarını da bütünleştiren, kullanışlı, genişletilebilir ve 
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esnek bir KKDY çerçevesi önerebilmek adına, bu sistemleri kıyaslamaya ve değişiklik 

ve gelişim alanlarını belirlemeye ihtiyaç vardır. Bu çalışmada literatürün KKDY 

gereksinimleri ve bileşenleri açısından gözden geçirilmesi ve analiz edilmesinden 

sonra, birtakım kalite takibi kontrol listeleri geliştirildi, kalite maliyeti ve kalite 

verimliliği kavramları keşfedildi. Çerçeve bileşenleri, paydaşların veya görevlerin 

farklı ayrıntı düzeyleri için belirlendi, kalite puanlama yöntemleri karşılaştırıldı ve 

kalite verimliliği ve maliyeti ilişkilerini kararlaştırmak için değer fonksiyonları 

türetildi. Çerçevenin bileşenlerini doğrulamak ve geliştirmek üzere iki farklı proje 

üzerinde dört vaka çalışması yerine getirildi. Bu çalışmanın bir sonucu olarak, bir 

kalite yerleştirilmiş KDY çerçevesi önerildi. Bu çalışmanın sonuçları, daha sofistike 

ve yazılımla bütünleştirilmiş uygulamalar ve gelecek çalışmalarına yol açmak için 

kullanılabilir. 

 

Anahtar Kelimeler: Kalite Kazanılmış Değer Yönetimi, İnşaat Kalitesinin 

Nicelleştirilmesi, Kalite Maliyeti, Kalite Verimliliği, İnşaat Kalitesi 

Değerlendirilmesi 
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CHAPTER 1  

 

1. INTRODUCTION 

 

 

1.1.1. Definition of Project Management 

Project management is the ability to meet project requirements by applying the tools, 

skills, techniques & knowledge to project activities and the “initiating, planning, 

executing, controlling and closing” stages should be the accomplished process. 

On the other hand; scope, time, cost, risk and quality demands, identified requirements 

and the differing expectations and needs of the stakeholders are the works those shall 

be managed in project management ("PMBOK® Guide", 2000, p. 6).  

1.1.1. Components of Project Management  

According to Project Management Institute; “the more you know about your project, 

the better you are able to manage it” ("PMBOK® Guide", 2000, p. 6). Thus, in order 

to manage any kind of project properly, the components of project management shall 

be analyzed in detailed. 

According to PMBOK® Guide" (2000), there are nine different project management 

knowledge areas as illustrated in Figure 1.1. 

 

Figure 1.1 Project Management Knowledge Areas (PMBOK, 2000) 
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1.1.2. Mostly Tracked Project Management Components in Practice 

Even though those nine knowledge areas shown in the Figure 1.1 are the whole 

components of project management, some of them, which are cost, time and quality, 

are tracked more carefully in practice with respect to others. Those three knowledge 

areas are considered as the most crucial components of project management called as 

“the iron triangle” (or triple constraints or golden triangle) (Atkinson, 1999, p. 338) 

(Ong, Wang, & Zainon, 2018, p. 1).  

 

Figure 1.2 The iron triangle (Atkinson R.,1999) 

1.1.3. Project Measurement Methods 

There are various project measurement methods used for progress illustration of 

projects which are earned value, weighted percentage, units completed, steps 

(incremental milestone), cost ratio, start / finish and experience / opinion methods. 

Among those methods, Earned Value Management is gaining more popularity for 

last decade and is used in wide range project types from aeronautics to software, any 

kind of research from construction, agriculture to production etc. (Dodson, Defavari, 

& Carvalho, 2015, p. 933). Having objective characteristic, serving simple and 

powerful time, budget and scope tracking and predicting future outcomes by providing 

feedback are the most outstanding features of EVM (Efe, 2015, p.7).  

1.2. Statement of the Problem 

In the construction sector, controlling the cost and time components in project 

management is done systematically and most of the attention is paid to tracking of 

these components; however, quality component is not tracked in a systematic manner 

while project process is going on, in practice. Moreover, many studies, models, tools, 

systems, and software tools exist regarding integration of cost and schedule (such as 
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Earned Value Management) in the literature, which makes it easier and systematic to 

control them. However, there are a limited number of studies that integrate quality 

component into the other two components. Among them, there are some QEVM 

studies, as well. In those studies, various KPIs, benchmarks, quantification methods, 

data collection and visualization methods are used. However, their comparison, 

practicality and suitability for construction projects are not known. In addition, these 

limited number of studies need to be improved, adapted, and elaborated for various 

stakeholders, sectors, and countries, as well. Hence, this situation leads to some 

inefficiency in controlling of quality component of project management, in a practical 

and systematical way. 

1.3. Purpose of the Study 

This study aims to develop a framework for Quality integrated Earned Value 

Management to support project managers to track the quality together with cost and 

time components in a systematical, extendible, elaborate and customizable way for 

different level of details of project stakeholders/tasks. 

1.4. Organization of the Study 

The organization of this research study is illustrated in Table 1.1. In this study; 

definition and components of project management, the statement of the problem and 

the purpose of this study are stated in the Introduction section. In the Literature 

Review section, current studies related with Key Performance Indicators, metrics / 

benchmarks, data collection methods / data sources, data analysis methods, quality 

evaluation systems, data communication methods, and quality earned value methods 

are analyzed. 

The research tasks performed to develop the QEVM model, creation steps of 

framework and its related components are explained in the Methodology section. The 

developed QEVM Framework and its details are explained in the QEVM Framework 

/ Model section. Moreover, Case Studies 1, 2 & 3, which tests and compares end 

product quality measurement according to different kind of scoring methods, and 
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according to different perspectives (owner, client and expert satisfaction) are 

discussed in this section. Case Study 4 presents the final scoring and quantification 

methods decided after the comparison and verification of Case Studies 1, 2 & 3. Final 

QEVM Framework / Model is also proposed in 4th case study with the integration of 

Quality Cost and Quality Productivity. Finally, the deductions and future research 

suggestions are located in the Conclusion & Discussion section. 

 

Table 1.1 The Organization Structure of the Study 

1 Introduction  
Definitions, Problem & Purpose Statement, 

Organization Illustration 

2 Literature Review 
*Key Performance Indicators 

*Metrics / Benchmarks 
*Data Collection Methods / Data Sources 

*Data Analysis Methods 
*Quality Evaluation Systems 

*Data Communication Methods 
*Quality Earned Value Methods 

3 Methodology 

4 QEVM Framework / Model Case Studies 1, 2, 3 & 4 

5 Conclusion & Discussion Deductions & Future Research Suggestions 
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CHAPTER 2  

 

 

2. LITERATURE REVIEW 

 

Project management is the ability to meet project requirements by applying the tools, 

skills, techniques & knowledge to project activities as stated in introduction part 

("PMBOK® Guide", 2000, p. 6). Powerful methods shall be preferred in project 

management stages, in order to achieve these requirements systematically and 

successfully. 

According to Boydak (2013, p.1) “Earned Value Management (EVM) is a powerful 

project management method that is implemented in engineering and construction 

projects” and he states that there are various frameworks and adaptations of EVM 

according to participants needs such as ANSI/EIA-748, PMI's A Guide to the Project 

Management Body of Knowledge (PMBOK® Guide) and Practice Standard. 

The scope of this study is specially to track quality component of project management 

and to integrate it into the other components in a systematic manner. Thus, since EVM 

is both open to modification and a powerful method to help monitor the progress of 

project management, EVM was considered to be integrated with quality component 

of project management. Eventually, this consideration leaded a literature review in 

order to examine the studies related with Earned Value Management to track quality 

component of project management.  

Firstly, in Scopus, “Quality Earned Value” and “QEV” keywords in the “title” part 

was searched and 11 studies were reached. When those studies were analyzed, it was 

seen that some of the certain studies were unsuitable in sectoral norms and some of 

them were not in project-based. Thus, a second research was run by “project quality 

earned value” keyword in “keyword, title and abstract” part. 116 related studies were 
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acquired in this search. Those studies were extracted in terms of the suitability to 

concept of “a practically applicable quality tracking EVM systems for construction 

projects”. After the extraction and analyses of related studies, other related studies 

were also reached from the citations and references of those studies to be examined. 

The final 101 studies out of ~200 studies were analyzed and the findings are explained 

in the upcoming sections. Those studies include books, journals papers, conference 

papers, sources of governmental agencies, and thesis.  

Afterwards, the content of these identified studies was analyzed in-depth, and 

integrated to determine the system requirements and especially system components of 

a QEVM framework. 

Firstly, the main components of the study were identified and grouped under six main 

topics namely; KPIs of quality component, metrics / benchmark for quality 

perception, data collection methods / data sources for quality measurement, data 

analysis methodology, quality evaluation system and data communication 

methods as summarized in Table 2.1. In the next subsections of literature review part, 

the prominent studies related with those main components of the system are explained, 

in detailed. 

 

 

 

 

 

 

 

 



 

 

 

7 

 

 

Table 2.1 The Components of a Quality Measurement System 
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2.1. Key Performance Indicators (KPIs) of Quality 

Quality component of project management is one of the most embraced leg needed to 

be tracked systematically. Before the systematic part, firstly the question of “WHAT 

does reflect or indicate quality?” should be answered. That is, the KPIs of quality shall 

be defined and decided. The KPIs respond to track or to measure WHAT. Firstly, the 

definition of quality was searched before moving onto KPIs and identified that  quality 

has many kinds of acceptable definitions. A demonstrative set of definitions can be 

found in Table 2.2. Seymour and Low (1990) explains this fact as “there are no absolute 

definition of quality” due to different kind of perception of people over quality goal 

(Low, S.P., Wee, D.,2011, p.368). 

Table 2.2 Various definitions of quality in literature 

DEFINITION 
REFERRED 

DEFINITION 
STUDY 

Totality of features and characteristics of a 

product or a service that bear on its ability to 

satisfy the stated and implied needs 

Client/ Owner 

Needs 

ISO 8402 & 

American Society 

for Quality 

Objective of QEV is to measure the project’s 

ability to deliver the quality requirements 

defined by the project's stakeholder… 

Dodson et.al, 2015, 

p.3 

Factors used for measuring quality should be 

directly related to customers' needs and 

expectations and should be easily quantifiable. 

Lee & Arditi, 2006, 

p. 51 

… meeting full conformance to requirements Conformance to 

Specifications/ 

Codes/ 

Requirements 

Solomon, 2015, 

p.16 

Compliance with construction codes& 

specifications 

Chen, L., & Luo, 

H. 2014, p.64 

quality is conformance to requirements Crosby, 1979 

(inspired from Crosby’s quality approach) doing 

it right the first time and measure it by the cost 

of nonconformance Financial Data  

Efe, 2015, p.3 

.. analyses accounting information reflects the 

quality of the project 
Xi, 2014, p.4 

“meeting the customer’s need, fitness for use and 

conforming to requirements” AND quality for 

construction works is "the fulfillment of the 

owner’s needs in defined scope within budget 

and schedule" 

*Owner Needs 

*Conformance to 

Requirements 

*Fulfilling Project 

Management  

Rumane, 2018, p.8 
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Existence of various definitions of quality concept brings along various types of key 

performance indicators, as well. In other words, there are more than one KPI reflecting 

quality, because there are several quality perceptions, as well. When literature was 

scanned in order to define the KPIs of quality, numerous results were obtained in 

different level of details. In order to proceed systematically, initially, the highest-level 

KPIs were identified. The reason behind this is that the main KPIs shall be embraced 

in all kind of projects and the lower level KPIs can be altered and extended according 

to each project.  

Some of the highest-level KPIs were noticed as the main components of Total Quality 

Management (TQM). Graves (1993, p.2) explains TQ is TOTAL due to its inclusion 

to everyone and to all aspects of the business. Thus, since they are including a very-

wide range of projects, they are considered as suitable KPIs. According to Arditi & 

Lee (2006, p.1) Total Quality consists of Project Service Quality, Corporate Level 

Quality and Building (end product) Quality. Those 3 KPIs are consistent to be 

applied in a wide range of projects and have been used in numerous studies (e.g., 

Arditi et.al, 2006; Yasamis et.al, 2012; Stukhart, 1989; Lee et.al, 2008; Chow et.al, 

2006; Tam et.al, 2000; Chan et.al, 2004; Ahmed et.al, 2016; and Rumane, 2018). 

 

Figure 2.1 Total Quality components according to Lee and Arditi (2006, p.3) 

Moreover, another outstanding result of KPI research was that financial data including 

quality cost is used directly in lots of studies as quality indicator. Xi (2014, p.1) 

suggests Financial Information as a practical quality KPI. He considers that 

accounting information reflects quality characteristics and indicates construction 

engineering quality, roughly.  
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On the other hand, Ma and Yang (2012) and Gao and Ye (2011) take the Quality Cost 

analysis as the core (Gao, Ye,2011, p.2) of their studies. Ma and Yang (2012) states 

the lack of quality component in Earned Value Management, and explains the solution 

as introducing quality cost concept in order to solve the lack of quality concept. 

Similarly, Khalid and Yeoh (2015) introduces the cost of rework, after stating the lack 

of quality component in EVM, as well. Efe (2012, p.3) measures the quality by cost 

of nonconformance (quality cost) in her doctorate level thesis study.  

Actually, there are some similarities between “financial data” and “service & 

corporate quality factors”, and “building (end product) quality factor” as well, in terms 

of their low level KPIs. For example; cost of loss (or fault) is leaded due to low-level 

of end product quality, so through this perspective, this sub-component of quality cost 

may be considered in “building (end product)” KPI. For another illustration, appraisal 

and prevention costs of “quality cost” and accounting data for employers of corporate 

can be considered in “service & corporate quality factors” KPIs. On the other hand, 

lots of studies preferring financial data are directly taking into account this data and 

are proceedings without using any other KPIs. 

In the scope of this study, Financial Data was used as a KPI linked with the other three 

KPIs as illustrated in Figure 2.2. 

 

  

Figure 2.2 Illustration of KPIs 
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Overall, some studies use financial data as a KPI such as cost of human, material, 

equipment, method (or process) and environment factors (Xi, 2014, p.4) in 

management or directly with quality cost (Ma et.al, 2012, Davis et.al, 1989, Arditi & 

Günaydın, 1997) concept, some others are centered on service quality factor (Lee 

et.al, 2006, Chan et.al, 2004) by developing a generic service quality measurement 

instrument (Hoxley, 2000). Moreover, while some studies defend corporate / system 

quality factor (Bubshait, 1999, Lee et.al, 2006, Deffenbaugh, 1993 , Burati et.al, 

1992, Sulivan, 2011, Hensey, 1993, Pheng et.al, 2011, Arditi et.al, 1997) as KPI, the 

rest vast majority considers building (or end product) quality factor (Solomon, 

2005, Paquin et.al, 2000, Zhong et.al, 2012, Boukamp et.al, 2007, Tam et.al, 2000, 

Kim et.al, 2007, Taneja et.al, 2011, CONQUAS, BRANZ, General Specification of 

Ministry of Environment & Urbanization of Republic of Turkey, Rumane et.al, 2018).  

However, trying to choose one/ a specific number of correct KPIs for quality concept 

of construction works is not the correct approach. Actually, all of the KPIs stated in 

the literature are the correct ones through different perspectives as; “client, consultant, 

contractor, subcontractor, independent auditor (Paquin et.al, 2000, Lam et.al, 2005), 

supplier (Almaian, 2016), occupant (Hammad, 2014), participant (Vhan et.al, 2004)”.  

Thus, choosing a “suitable” KPI rather than “correct” one is a reasonable approach. 

Moreover, as any individual KPI may be considered as the suitable one, several or all 

of them may also be combined (e.g., Tam et.al (2000), Ahmed et.al (2016)). There are 

various studies using different KPIs together (e.g., Lee et.al, 2006, Yasamis et.al, 

2012, Stukhart, 1989, Lee et.al, 2008, Chow et.al, 2006, Tam et.al 2000, Chan et.al, 

2004, Ahmed et.al 2016, Rumane et.al, 2008 use service+corporate+building at the 

same time). Moreover, Tam et.al (2000) and Ahmed et.al (2016) develops quantitative 

relations among them. In Ahmed et.al (2016), a questionnaire was employed through 

the point of view of managers, designers and contractors and the results were extracted 

by statistical data analysis method and finally the relationship between the 

components of KPIs as shown in Figure 2.3 is suggested as the correct approach. 
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Figure 2.3 Quality function developed in Ahmed et.al, 2016 

 

On the other hand, the study of Tam et.al (2000) focuses on PASS -which is the 

building and service quality assessment system used by Hong Kong Housing 

Authority- and uses a relation of 0,75*(end product quality) + 0,25*(corporate quality 

factor) weighting. After occupation of the buildings, PASS controls the serviceability 

and penalizes over the having final score if there are some adverse serviceability 

situations occur. 

After determining the highest-level KPIs, the lower-level KPIs were searched and a 

demonstrative list of KPIs obtained from existing studies are presented in Table 2.3. 

Those low-level KPIs were commonly taken from the studies Lee et.al. (2006), 

Yasamis et.al. (2012) and Lee et.al. (2008) for Corporate, Service & Building Quality 

Factors, and from Xi (2014), Gao et.al. (2011), Ma et.al. (2012), and Efe (2015) for 

Financial Data. It should be emphasized that this is not a comprehensive list, the data 

presented here was gathered from sources where the widely-accepted factors are 

presented. For instance, the low-level of KPIs of Corporate, Service & Building 

Quality Factors are acquired from the studies of Arditi & Lee (2003) and Arditi & Lee 

(2004), in which the quality factors were proposed according to the widely accepted 

sources of Malcolm Baldrige National Quality Awards & PMI (2000). The levels of 

details and the inclusions of these KPIs may be customized and modified. 
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Table 2.3 Demonstrative Set of Low-level of KPIs 

Financial 
Data 

Service Quality 
Factors 

Corporate / 
System Quality 

Factors 

Building (Or End 
Product) Quality 

Factors 

(16) 
Accounting of 

*Human 
Resource 
*Material 

*Equipment 
*Method 

*Environment 

(25,26,65) 
*Minimum Project 

Duration 
*Timeliness 

*Completeness 
*Courtesy 

*Consistency and 
Dependability 

*Accessibility and 
Convenience 

*Accuracy 
*Responsiveness 
*Communication 

*Understanding the 
Customer 

(25,26,65) 
*Leadership 

*Client Focus 
*Information & 

Analysis 
*Human Resources 

Development & 
Management 

*Process 
Management 

----------------------- 
(26) 

*Business Results 
*Employee 

Empowerment 
*Partnership 
Development 
*Continuous 
Improvement 

Te
ch

n
ic

al
 /

 F
u

n
ct

io
n

al
 /

 B
eh

av
io

ra
l 

(25,26,65) 
*Performance 

*Usability 
*Dependability 
*Conformance 

*Safety 
*Economics 
*Aesthetics 

*Perceived Quality 
---------------------- 

(26) 
*Features 
*Reliability 
*Durability 

*Serviceability 
*Visual Appeal 

*Quality Cost 

Design / Construction / 
Handover Stages 

16-Xi,2014, 25-Lee et.al,2006 ,26- Yasamis et.al, 2012, 65- Lee et.al, 2008 

 

The literature studies include various types of low-level KPIs, under the different 

definitions. For example; some studies named the performance indicators as success 

criteria, and some did as critical success factors, and the others named them directly 

as indicators. For example, the studies Koziolek et.al (2011), Yerabolu (2010), Chen 

et.al (2014), and Daher et.al (2018) take the nonconformance as quality indicators. 

Hammad et.al (2014) considers as KPI as well and categorizes the criticality of a 

building system as shown in Figure 2.4. Except KPI definition, various studies have 

used various definitions as performance criteria such as; quality measures (Wanberg 

et.al, 2013), project success (Chan et.al, 2004), critical success factors (Atasoy, 2007), 

quality factors (Ahmed et.al, 2016), fundamental concepts of excellence (EFQM). 

These definitions seem as low-level KPIs under the defined highest level KPIs, and 
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they are interchangeable (i.e. they may be included or excluded with respect to specific 

needs). However; the main common point of them is their illustrating quality criteria. 

 

 

Figure 2.4 KPIs according to Hammad et.al, 2014 

 

Wanberg et.al (2013) consider total number of defects/reworks, the total cost of 

rework, the total hours related to rework as performance criteria. Wanberg et al. (2013, 

p.4) developed six quality measures as shown in Table 2.4. 

 

Table 2.4 Quality Measures (Wanberg et al. 2013) 

Q# Definition 

Q1 Number of defects per $1 million project scope completed 

Q2  Number of defects per 200,000 worker hours 

Q3 Cost of rework per $1 million project scope completed 

Q4 Cost of rework per 200,000 worker hours 

Q5 Number of worker-hours spent on rework per $1 million project scope 

completed 

Q6 Number of worker hours related to rework per 200,000 worker hours 

 

Ahmed and Yusuff (2016, p.7976-7977) prepare a summary table (Table 2.5) from 

literature research for quality factors. (In the original table, there are the references 

part as well. It is extruded here in order to make the list shorter). 
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Table 2.5 Quality Factors (Ahmed and Yusuff, 2016, p.7976-7977) 

 

 

Finally, in EFQM excellence model, the 8 fundamental concepts of excellence are 

defined as in the Figure 2.5. 
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Figure 2.5 EFQM Excellence Model (EFQM, 2012) 

 

Moreover, the KPIs based on scanned studies in the literature is presented in Table 2.6. 

The ratio of referred KPIs occurrences: financial data is ~11%, service component is 

~10%, corporate level is ~30% and building quality factor is ~49% (see Figure 2.6). 

From a basic point of view, according to usage frequency in related literature studies; 

building quality factors (quality of end product) and corporate quality factor 

management components seem widely-used as KPIs for quality determination of 

construction works. 
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Table 2.6 The distribution of KPIs in literature studies 
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Figure 2.6 Frequency of KPIs in the literature 

Overall, in this part, the highest-level KPIs were defined explicitly. On the other hand, 

the lower-level KPIs founded in literature research were presented, as well. However, 

since the applicability of the lower-level KPIs may vary from project to project, 

modifications are needed for each case. Thus, no certain definition or list of low-level 

KPIs are suggested in this study. 

 

2.2. Metrics / Benchmarks for Quality Perception 

As stated in section 2.1, KPI is the answer to measuring WHAT; on the other hand, in 

this study metric is used as the answer of measuring WITH RESPECT TO WHAT.  

In other words, KPIs are measured according to metrics or benchmarks. Within the 

scope of this study, literature research was performed to determine which metrics are 

suitable/ applicable for the KPIs stated in the previous section. Four main metrics / 

benchmarks were identified as illustrated in Table 2.7 namely, standards / 

specifications / codes / technical requirements, financial data, subjective 

satisfaction and data base. 

 

Table 2.7 Metrics / Benchmarks 

 

FINANCIAL 
DATA
11%

SERVICE QUALITY 
FACTOR

10%

CORPORATE / 
SYSTEM 
QUALITY 
FACTOR

30%

BUILDING (OR 
END 

PRODUCT) 
QUALITY 
FACTOR 

49%
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Initially, the metrics used in the studies that determined the KPIs were analyzed. 

According to this analysis, the frequencies presented in Table 2.8 were obtained. 

 

Table 2.8 Metrics frequency with respect to KPIs in literature 

 

 

For building quality factor (the first row of Table 2.8); standards and subjective 

satisfaction are the most commonly used ones. Financial data and corporate database 

are not strongly-used benchmarks for this KPI. Indeed, Khalid and Yeoh (2015, p.2) 

considers using past data in project-based controls (e.g., end product quality factor) is 

not a correct approach due to the uniqueness of projects. For corporate quality factor; 

a similar variance of service quality factors is observed for corporate quality factor 

(the third row of Table 2.8.). For service quality factor (the second row of Table 2.8); 

subjective satisfaction (expert, client and owner) is the strongest metric, and the 

standards and the data base benchmarks are following it, respectively. For financial 

data factor (the last row of Table 2.8); financial data base is the strongest metric as 

expected.  

According to the findings of Table 2.8, a trend among KPIs & metrics / benchmarks is 

observed as shown in Figure 2.7. In this figure, the thicknesses of the lines represent the 

strength of the relation. 
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Figure 2.7 Relations between KPIs and metrics in literature 

The combination frequency table is summarized in Table 2.9. 

Table 2.9 Combination frequency table of metrics / benchmarks 

 

It can be seen that the mostly used metric is standards, followed by subjective 

satisfaction. Moreover, the mostly preferred two benchmarks together with are 
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standards and subjective satisfaction. The second mostly preferred two benchmarks 

together with are subjective satisfaction and corporate data. It is seen that all 

individual, binary, triple or quadruple possible combinations of metrics are preferred 

in the literature studies. 

Finally, a summary table was prepared including all related studies as seen in Table 

2.11. The results of this table were illustrated in the Table 2.10. 

 

Table 2.10 Frequency table for metrics in literature 

 

 

Standards, specifications, codes, technical requirements are used as the metrics for 

manufacturing, building (end product) or corporative factors in one of two studies. 

Financial data is another metric taking into financial expenditures or quality costs 

account used about 9%.  Expert or client perception is the benchmark used in ratio as 

33% in the studies namely subjective satisfaction. Another metric is corporate data 

used in literature as the ratio of 9%.  According to using frequency of existing studies, 

standards / specifications / codes / technical requirements* and subjective satisfaction 

metrics are the mostly used benchmarks. 

(*ASTM, EuroCode, British Standards, Turkish Standards, ISO Standards are some 

examples for general standards. There are lots of general, official, private and special 

standards, codes, specifications or requirements generated by related sides. The 

inclusions of these specifications are not explained in detailed in this study in order 

not to deviate from the aim of the study.) 
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Table 2.11 The distribution of metrics or benchmarks in literature studies 
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2.3. Data Collection Methods / Data Sources 

Data collection methods or data sources respond to the question of FROM WHERE 

the data needed to be collected. Thus, data is collected by the help of data collection 

methods, according to metrics to measure KPIs. In accordance, the literature research 

was done to determine which data collection methods are suitable or applicable for 

the metrics stated in the previous part. According to this research, data collection 

methods were grouped under the 4 main categories in the Table 2.12 namely, testing 

& inspection results, data base, perception and means. 

Table 2.12 Data collection methods / data sources 

 

The studies that metrics determined from were analyzed. According to this analysis, 

the Table 2.13 was obtained. 

Table 2.13 Data sources frequency with respect to metrics in literature 

 

For the metric of standard / code / specification / technical requirement; testing & 

inspection results are shown as major sources. Then the perception of expert, client 

and owner is shown as the mostly used data collection method after test and inspection 

results. Finally, usage of recorded data and means were preferred least.  For the metric 
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of financial data; usage of financial data and other corporate data is used strongly as 

data source. Perception is also another preferred data collection method and means is 

having less weight. For the benchmark of subjective satisfaction; subjective 

perception as expert and client, owner opinion was used as expected, mostly. Means 

also has high usage frequency. Then, recorded data and testing & inspection results 

are located with a slight usage ratio different with respect to each other. For the 

benchmark of corporate data; usage of recorded past data and perception are preferred, 

in sequence with respect to preference ratio. After means usage, testing & inspection 

results are the less preferred methods. According to this table, a trend among metrics 

/ benchmarks & data collection methods / data sources occurs as in the Figure 2.8. In 

this figure, the thickness of the lines represents the strength of the relation. 

 

 

Figure 2.8 Relations between metrics and data sources in literature 

 

Afterwards, the binary, triple and quadruple patterns for usage combinations were 

regulated in order to follow trends and the Table 2.14 was obtained. 
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Table 2.14 Combination frequency table of data sources / collection methods 
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According to Table 2.14: 

• For binary combinations; the testing & inspection results and expert 

opinions are two coherent data sources used together, widely. Testing + 

administrative data, testing + other data, testing + client opinion combinations 

are used in average frequency. Testing results & financial data are preferred 

together in less study. Administrative data + expert opinion and administrative 

data + client opinion are mostly used combinations contrary to administrative 

data + financial data and administrative data + other project data. Financial 

data + other data of project, financial data + expert opinion and financial data 

+ client opinion combinations are preferred in close frequency. Other data of 

project + expert opinion is other mostly used source like testing + expert 

opinion.  

• When moving on the triple combinations; testing results + other data + 

expert opinion and other data + expert opinion + client opinion are the two 

mostly preferred ones. Following them, testing + administrative data + expert 

opinion and testing + administrative data + client opinion are the other mostly 

used combinations. The 4 combinations namely, testing + financial data + 

other data, testing + financial data + expert opinion, administrative data + 

financial data + other data, administrative data + financial data + expert 

opinion are not used in studies together with. 

• The only used quadruple combination is testing +administrative data 

+financial data +client opinion. 

• For the quinary combinations; there are 3 possibilities to prefer which are 

testing + administrative data +financial data+ other data+ expert opinion, 

testing + administrative data +financial data+ other data+ client opinion and 

testing + financial data+ other data+ expert opinion + client opinion. However, 

none of them are used together in literature. 

Finally, a summary table was prepared including all related studies as seen in Table 

2.16. The results of this table were summarized as in the Table 2.15. When these results 
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are analyzed; testing & inspection results are preferred in the literature about 

35%,data base usage is used as the ratio of %28,and perception is used close to 

ratio of %37 in related studies as data collection methods. 

 

Table 2.15 Frequency table for data sources in literature 

 

 

The lower-level metrics or the details of testing & inspection benchmark may be seen 

in the Table 2.17. Some low-level of metrics: 

• Financial data; quality cost (cost of loss, appraisal & prevention) accounting, 

• Corporate; administrative, managerial data, hierarchy breakdown structure etc. 

• Other data; schedule, cost, contract, site, locational, regional information etc. 
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Table 2.16 The distribution of data sources in literature studies 

 



 

 

 

29 

 

Table 2.17 Testing & inspection methods 

Testing & Inspection Methods 

Visual Or 
Optical 

Inspection  
Material Testing 

  Permeability 
High Technology 

Included 
Strength Estimation 

  
-Water 
Permeability 

-Resonant 
Frequency 

Destructive (Coring) 

  -Air Permeability 
-Ultrasonic Pulse 
Velocity 

-Strain Gauge 

  
-Absorption 
Capacity 

-Sonreb -Piezoelectric 

  -Sorptivity 
-Infrared And 
Thermal 

-Hydraulic 

  
-Chloride 
Diffusion 

-Magnetic 
Particle 

-Pneumatic 

  
-Rapid Chloride  
-Permeability 

-Electromagnetic -Vibrating Wire 

  
-Initial Surface  
-Absorbtion 

-Radiographic -Capacitive Load Cell 

   
-Acoustic 
Emission 

Partial Destructive 

  -Video Camera 
-Pull Out (Internal Fracture, Cast-
In(Capo), Drilled) 

  -Barcoding  -Pull Off  
  -Gprs  -Break Off  

  -Laser Scanning 
-Penetration  
Resistance 

   -Sensoring Non- Destructive 

    -Indentation (Brinell) 

    -Einback 

     Rebound (Schmidt) Hammer 

      -Temperature Measurement 

      Conceptual/ Theoretical 

      -Maturity 
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2.4. Data Analysis Methods 

Data analysis methods respond HOW to analyze collected data. Thus, data collected 

by the help of data collection methods according to metrics are analyzed with data 

analysis methods to measure KPIs. Literature was explored to determine which data 

analysis methods are suitable or applicable for the collected data according to metrics 

stated in the previous part. According to this research, data analysis methods were 

grouped under the 4 main categories in the Table 2.18 namely, perceptive methods, 

software-based methods, conceptual methods, mathematical & statistical 

methods. 

 

Table 2.18 Data analysis methods 

 

 

The studies that data collection methods determined from were analyzed. According 

to this analysis, the Table 2.19 was obtained. 
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Table 2.19 Data analysis frequency with respect to data sources in literature 

 

 

 Table 2.19 demonstrates that for all data collection methods, mathematical & 

statistical data analysis methods are the mostly preferred ones. For the data source 

of testing & inspection results, software-based and perceptive data analysis methods 

are preferred mostly after mathematical and statistical methods. For the data source of 

recorded data; perceptive methods are used mostly after mathematical and statistical 

methods. Software-based and conceptual methods are used weakly. For the data 

source of perception; perceptive methods are used mostly after mathematical and 

statistical methods. Software-based and conceptual methods are used weakly as in the 

case of recorded data. According to Table 2.19, a trend among data collection methods 

/ data sources & data analysis methods occurs as in the following Figure 2.9. The 

thickness of the lines represents the strength of the relation. 
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Figure 2.9 Relations between data sources and data analysis methods in literature 

 

Afterwards, the binary, triple and quadruple patterns were regulated in order to follow 

trends and the Table 2.20 was obtained. 

 

Table 2.20 Combination frequency table of data analysis methods 
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According to Table 2.20, for binary combinations; perceptive and mathematical / 

statistical methods are two coherent data analysis methods according to usage 

frequency in scanned studies. Both software-based and conceptual methods with 

mathematical & statistical, combinations are also used widely. When moving on the 

triple combinations; all possible combinations are used in studies in lower frequency. 

No quadruple combination is not used in scanned studies. 

The final frequency results may be seen in the Table 2.21.It can be observed that 

perceptive methods are preferred in the literature about 22%, software-based 

methods are used as the ratio of 14%, conceptual methods are used close to ratio of 

14%, mathematical & statistical methods is about 50% in related studies as data 

analysis methods. 

 

Table 2.21 Frequency table for data analysis methods in literature 

 

The frequency distribution of data analysis methods in the scanned literature studies 

may be seen in the Table 2.22. 
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Table 2.22 The distribution of data analysis methods in literature studies 
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2.5. Quality Tracking & Evaluation Systems  

After introducing the analysis of scanned research studies related with the main 

components of system, the final component namely quality tracking system is 

analyzed. This final tracking system gives the OUTPUT of the framework. Thus, data 

gathered by the help of data collection methods according to metrics are analyzed with 

data analysis methods to measure KPIs and an output is given by a comprehensive 

quality tracking system. In this part, the systems used in literature studies to track 

quality is analyzed such as; quality tracking, assessing systems, quality quantification 

and component weighting systems.  

According to this research, quality tracking systems were grouped under the four main 

categories as shown in Table 2.23 namely, quality integrated EVM, widely-accepted 

generic systems, systems based on standards and specifically developed systems. 

 

Table 2.23 Quality tracking & evaluation systems 

 

 

The studies that data analysis methods determined from were analyzed. According to 

this analysis, the Table 2.24 was obtained. 
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Table 2.24 Quality evaluation methods frequency with respect to data analysis methods in literature 

 

 

When these results are analyzed; for any kind of data analysis methods, it is precisely 

seen that generic systems are the mostly preferred ones. For the analysis methods of 

perceptive methods, systems based on standards and specifically developed are 

preferred with lesser frequency than generic systems. For the analysis methods of 

software-based methods; the majority of the studies utilized widely-accepted generic 

systems. For the analysis methods of conceptual methods; the Q-EVM system is 

strongly used, with the same ratio of generic systems. For the analysis methods of 

mathematical & statistical methods; the Q-EVM is preferred right after the general 

systems.  

According to Table 2.24, a trend among data analysis methods and quality track 

systems occurs as in the Figure 2.10. The thickness of the lines represents the strength 

of the relation. 
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Figure 2.10 Relations between data analysis methods and quality evaluation systems in literature 

 

Afterwards, the binary, triple and quadruple patterns were regulated in order to follow 

trends and the Table 2.25 was obtained. 

 

Table 2.25 Combination frequency table of quality evaluation systems 

 

 

According to Table 2.25, for binary combinations; quality included EVM systems are 

used with generic systems mostly and with widely-accepted specific systems in 

one study. Generic systems are used with widely-accepted specific systems and 

specifically developed systems in great frequency. Widely accepted-systems and 

specifically developed systems were used together popularly, as well. All possible 

binary combinations were used in literature studies except quality included EVM and 
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specifically developed system combination. When moving on the triple combinations; 

general systems, widely-accepted specific systems and specifically developed systems 

were used together. Possible two combinations with Q-EVM are lack in studies. 

The final frequency results may be seen as in the Table 2.26. When these results are 

analyzed; quality or performance included EVM studies were preferred in the 

literature about 16%, widely-accepted generic systems were used as the ratio of 

46%, systems based on standards were used close to ratio of 13%, specifically 

developed systems is about 25% in related studies as quality tracking systems. 

 

Table 2.26 Frequency table for quality evaluation systems in literature 

 

 

The frequency distribution of in the scanned literature as in the Table 2.27. 

 

Among these systems, Quality or Performance included Earned Value Methods and 

CONQUAS are the 2 outstanding systematical and international systems that can be 

easily adapted and applied on construction assessment. 
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Table 2.27 The distribution of quality evaluation systems in literature studies 
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2.5.1. CONQUAS: The BCA (Building and Construction Authority of 

Singapore) Construction Quality Assessment System 

According to CONQUAS manual (the BCA, 9th Ed., 2017); CONQUAS is a 

standardized construction quality assessment system being a part of Building and 

Construction Authority of Singapore since 1989. This system operates by keeping the 

expectation of end users on workmanship quality. Except Singapore, CONQUAS is a 

registered trademark in Malaysia, China, Hong Kong SAR, United Kingdom, 

Australia, South Africa and India. In other words, it is a widely used quality 

assessment system. 

CONQUAS scores constructions in the three main categories namely; Structural, 

Architectural, and Mechanical & Electrical Works. These categories are further 

divided into sub-components for assessment. The sum of scoring of these 3 

components gives the CONQUAS overall score for the project. 

The labor quality is assessed through site inspection of licensed CONQUAS experts 

throughout construction stage for Structural and M&E works and after completion for 

Architectural works. Material tests and functionality test for some selected services or 

installations are also done to support the site inspections. Some underground works 

such as; excavation, piling, leaning are not tracked in this system. 

CONQUAS scores the numerous selected samples with respect to size of building, 

since the scoring to all building is considered as impractical. Scoring is done once, 

reworks after first assessment are not rescored due to the objective of this system 

which is "doing things right the first time".  

The weightage system is compromised of the cost proportions of work components in 

the different buildings and aesthetic consideration. The scores for components may be 

seen in Table 2.28. Further information related to sub-component scores and details of 

method of scoring etc. may be seen in CONQUAS manual. 
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Table 2.28 The CONQUAS weighting system (arranged from CONQUAS manual) 

 

 

The components of the framework that is planned to be developed within this study 

and the related information captured within CONQUAS are presented in the Table 

2.29. 
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Table 2.29 The components of CONQUAS 

The components of the Framework 

to be Developed 

The information captured within CONQUAS 

KPI Building (End Product) Quality Factor 

Benchmark / Metric Standard & Subjective Satisfaction 

Data Source / Collection Method Visual & Tech. Inspection & Material Testing 

Data Analysis Methods Mathematical Methods 

Evaluation System CONQUAS itself 

Data Scoring Method 0&1 (pass or fail) 

Data Representation Method Numerical & Tabular 

 

2.5.2. Quality Function Deployment 

Quality Function Deployment (QFD) was explained as ‘‘a method to develop a design 

quality to satisfy customer needs and to translate the customer’s demands into design 

targets and to define major quality assurance points to be used throughout the 

production phase’’ by its developer Yoji Akao (1992). Moreover, Mallon J.C. and 

Mulligan D.E. (1993) stated that another reason for developing QFD is to use at initial 

stages of a project to produce more exact decisions by considering project budgets in 

terms of requirements of client and quality. Dikmen I., Birgönül M.T. and Kızıltaş S. 

(2004) proposed to use QFD also as a decision-making tool at later stages. 
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Figure 2.11 A QFD final result example from Lee et.al. (2006) 

 

QFD may include any kind of one or more various Key Performance Indicators as its 

components together since, it is a very suitable system to modify easily. Therefore, 

one may easily add or drop any kind of KPIs from highest levels to lower levels shown 

in Figure 2.2 and Table 2.3. For example; in Figure 2.11, a result illustration for an 

example for Building Quality Factor KPI is shown. Thus, for each activity type, this 

modification may easily be done from related standards, client needs etc. For the 

examples of application of QFD on some cases, studies of Dikmen et.al. (2004), Lee 

et.al. (2009), Yang et.al. (2003), Woldesenbet et.al. (2014), Yasamis-Speroni et.al. 

(2012) and Lee et.al. (2006) may be analyzed. 

 



 

 

 

44 

 

2.5.3. Quality Integrated Earned Value Methods 

 

Figure 2.12 EVM evolution and research lines (p.4, 2013, Hernandez & Gomez) 

 

The evolution of EVM for different areas can be seen in the Figure 2.12. The history 

of new trends for EVM is recent, in other words, there are still more details to be 

developed in those areas. This study focuses on the quality and EVM relation and on 

related studies in this area, as stated before. Therefore, the details of quality integrated 

EVM studies were analyzed after introducing the findings related with other 

components of system from literature. Thus, data collected by the help of data 

collection methods according to metrics are analyzed with data analysis methods to 

measure KPIs and an output is given by a quality tracking system namely quality 

integrated earned value management.  

In this part, the quality included EVM systems studied in literature are extracted in 

terms of sectors, KPIs (according to EVM type), metrics, data collection methods, data 

analysis methods and scoring methods. The relation between those components were 

analyzed in a binary pattern and the findings are illustrated as in the Tables 2.30, 2.31, 

2.32, 2.33 & 2.34.  
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Table 2.30 Sectors vs.KPIs (w.r.t.EVM type) frequency in Q-EVM literature 

 

Table 2.31 KPIs vs. metrics frequency in Q-EVM literature 

 

Table 2.32 Metrics vs. data sources frequency in Q-EVM literature 
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Table 2.33 Data sources vs. data analysis methods freq. in Q-EVM literature 

 

Table 2.34 Data sources vs. data scoring methods freq. in Q-EVM literature 

 

It is observed that for the construction sector, quality included EVM and quality cost 

included EVM are preferred over Performance based EVM. IT-software sector studies 

are in the same trend with construction sector. 

Quality included EVM studies mostly utilized standards, expert and client 

satisfactions; however, financial data is not that commonly preferred. Regarding 

performance based EVM, although standards and client satisfactions are referred, 

expert satisfaction and financial data were not included. Quality cost EVM studies 

mostly used financial data as the main metric. Expert and client satisfactions were not 

included in those studies. 
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For standards/codes metrics, testing & inspection results, expert and client opinions 

were used mostly as data sources. For financial data metric, financial data source and 

other data sources were used mostly. For expert satisfaction metrics, testing results, 

expert and client opinion sources were used mostly. For client satisfaction, testing 

results, expert and client opinion sources were used mostly. 

For testing and inspection results data sources, mathematical and statistics, 

questionnaire and conceptual methods used as data analysis methods, mostly. 

Software based one was preferred weakly. For administrative data source, 

mathematical and questionnaire were used in one study for each. The others were not 

used. For financial data source, mathematical, conceptual and software-based data 

analysis methods were used. Others were not preferred. For other data sources, 

mathematical, questionnaire and software-based analysis methods were used. For 

expert opinion sources, mathematical, questionnaire, conceptual and software-based 

analysis methods were used. For client opinion sources, mathematical, questionnaire 

and conceptual analysis methods were used. 

To the best of our knowledge, none of these studies proposed or suggested checklists 

and data sheets that could streamline the application of Q-EVM. 

For questionnaire analysis method, in between range scoring, linguistic fuzzy 

transformation and pass or fail scoring methods were preferred. Quality cost was not 

used. For software-based methods, in between range, pass or fail and quality cost is 

used. For conceptual analysis method, in between range scoring, linguistic fuzzy 

transformation and quality cost scoring methods were preferred. Pass or fail was not 

preferred. For mathematical methods, all scoring methods were used. 

When the founded results of relations between those components are represented by 

graphs, the following illustration occurs as shown in Figure 2.13. The thickness of the 

lines represents the strength of the relation. 
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Figure 2.13 Relations between system components of Q-EVM in literature 
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The frequency distribution of the scanned literature is illustrated in the final Table 2.35 

located in next page. According to this table; studies related with Quality included 

EVM were based mostly in construction, IT-software and project-based sectors as 

ratio of 26%, each. Quality included EVM is the mostly studied with a ratio of 47%, 

(Only, end product (building quality) factor and financial data (quality cost) KPIs were 

preferred in EVM system studies. Corporate or service KPIs were not preferred.) 

Standards were used 35% as objective metrics and subjective satisfaction (expert and 

client) was preferred 42% as soft metrics. Testing & inspection results, data base and 

perceptive data sources / collection methods were preferred in close frequency, 

29%, 39%, 32%, respectively. 

Mathematical and statistical data analysis methods were used popularly. In any 

study checklists or data sheets were not presented. ‘In between a range’ scoring 

was used mostly with 40% as a scoring method. Afterwards quality cost was 

preferred with 30% ratio. 
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Table 2.35 The distribution of system components of Q-EVM in literature studies 
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Another very important issue related with QEVM is the conversion or transition 

method from classical earned value to quality earned value. Firstly, Performance 

Based Earned Value Method (PBEV) is based on penalty logic for the transition of 

Performance Earned Value (Solomon, 2006; Hernandez et.al, 2013; Yerabolu, 2010; 

Carson et.al, 2008) and the calculations for classical EVM are incorporated. Technical 

requirements are measured and scored with respect to negotiated terms before. Then, 

a penalty for the amount of lack of quality is simply applied on calculated earned value 

and this final value is called as “Performance Based Earned Value”. For example; if 

the expected efficiency value is 100% for a procured engine and it is negotiated in 

contract that any loss in efficiency will be penalized as 40%, then in tests, if the 

efficiency is calculated as 80%, then, final EV is multiplied by 0,40 and this result is 

called as PBEV.  

Thus, PBEV (Performance Based Earned Value) = EV (Classical Earned Value) * 

Penalty 

 

Figure 2.14 An example of result of PBEV from Hernandez et.al. (2013) 

 

Another group of studies used Quality Cost included Earned Value Methods that are 

based on the general logic of multiplication of the classical earned value with a factor 

derived from quality cost. This multiplication approach resembles the penalty logic of 
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PBEV. Khesal et.al. (2018) derived a QPI (Quality performance index) by dividing 

Budgeted Quality Cost to Actual Quality Cost. Ma et.al. (2012) derived QPI as 

proportion of the Actual Quality Cost to Actual Total Cost and tracked these trends 

variations. Gao et.al. (2011) planned Budgeted Quality Cost Work Scheduled during 

scheduling and tracked the quality cost variety trend by comparing it with Actual 

Quality Cost Work Performed. Efe (2015) tried to estimate the final Earned Value by 

inserting unforeseen effects to classical concept by using a multiplication factor 

derived from Quality Cost data. This study converges with inverse manner; that is 

instead of altering the final Earned Value like other studies do, estimation of EV is 

altered. Khalid et.al. (2015) defined QPI (Quality Performance Index) as “1-cost of 

rework ratio” and tracked the quality concept over this index, similarly. For example; 

if a work costs $ 1.2million, quality cost is calculated as $ 400k, and EV=$1million, 

then the proportion of QC/AC= 0,4 m / 1,2 m= 0,25. (1-0,25=0,75 is success ratio). 

Then, QCEV (Quality Cost Earned Value) is $1 million (EV)*0,75= $750k, in this 

manner. 

Thus, QCEV (Quality Cost Earned Value) = EV (Classical Earned Value) * (factor 

derived from a ratio of Actual with Earned or Planned Quality Cost)   

In aforementioned studies, a ratio that is calculated from a definite penalty or quality 

cost is used to enable the translation of the EV into QEV. Another group of studies for 

transitioning into QEV uses a quantitative scoring for quality assessment. It should be 

emphasized that the following studies do not use Quality Cost concept, at all. One 

approach is the multiplication of classical earned value with a factor derived from 

quality score percentage. For instance, Dodson et.al. (2015) proposes that EV is equal 

to the multiplication of success ratio of test results and Actual Cost and the study gives 

equal weights to each component. Xu et.al. (2010) proposes that QEV = EV * a Factor 

of Past Data (unexplained how to derive) * Qe where Qe=AQ/BQ; and AQ (actual 

quality) comes from the ratio of test results to BQ (budgeted quality), and the means 

of assessment is undefined. Souza et.al. (2014) studied the prediction of final cost of 

rework and the total cost at the end of the project using the predicted cost of rework 
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by comparing the historical data of defects to current defect data. Huang et.al. (2018) 

proposed an expert opinion scoring altered with fuzzy, where QEV = EV*QI and QI 

(quality index) = Actual Quality / Planned Quality. Ying (2016) proposed Earned 

Quality = EV * Qe, where Qe=AQ/BQ, but the study does not state how to determine 

Actual Quality or Budgeted Quality, weight of Work Breakdown Structure and 

Quality Breakdown Structure. Miguel et.al. (2019) proposes QEV (Quality Earned 

Value) = EV (Earned Value) * QIN (Quality Index Number coming from Project 

Manager’s rating) but the weights of Work Breakdown Structure or Quality 

Breakdown Structure is not stated. On the other hand, Ong et.al. (2018) implemented 

the CONQUAS method into QEVM by modifying the weights of the components in 

their study, and they proposed the calculation of Quality Performance Index (QPI) by 

QPI=AQ/PQ (where AQ is Actual Quality & PQ is Planned Quality) and, 

PQV=AC*(%Q target=80/100 for all) (PQV is Planned Quality Value, AC is Actual 

Cost & Q is quality). For example; if Earned Value of a project is $1 million, and 

actual quality is 80/100, then QEV is calculated by $1 m * 80%= $800k. 

Thus, QEV (Quality Earned Value) = EV (Classical Earned Value) * (factor derived 

from a ratio of Actual with Earned or Planned Quality Score) 

Another approach for quantitative scoring for quality assessment is to calculate Earned 

Value in terms of quality without transforming it into monetary value. Paquin et.al. 

(2000) proposed that instead of cost, quality scoring is introduced into classical EVM 

directly and calculations are performed. However, they did not calculate Earned Value 

for cost component, and did not compare cost and quality results so there was no 

relation commented among those components, there is no graphical representation and 

comment on results, as well. They offered Quality Breakdown Structure over Work 

Breakdown Structure as weightage system. QPI (Quality Performance Index) = 

(Earned Quality / Planned Quality) *100%. 

Thus, QEV (Quality Earned Value) = EV (Classical Earned Value) (in terms of quality 

instead of cost) 
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2.6. Data Communication Methods 

2.6.1. Data Scoring Methods 

In the related literature studies, different types of scoring methods were utilized. 

According to summary Table 2.36, Linguistic scoring transformed by Fuzzy is 

preferred about 24%. ‘In between a range’ scoring is ~ 49%, while pass or fail 

scoring is ~ 13%. Finally, quality cost data preferred as scoring is ~ 14%. These 

scorings are used in transforming linguistic data or subjective opinion and also 

different scale results in a uniformly usable scoring. 
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Table 2.36 The distribution of quality scoring methods in literature studies 

 

 

2.6.2. Result Representation Methods 

In the literature studies, the mostly used data representation methods are numerical, 

tabular or graphical representation methods. 
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For numerical representation the following scoring may be given as an example as 

seen in Table 2.37. 

Table 2.37 An example of numerical representation from Xu et.al, 2010 

 

For tabular representation the scoring may be given as an example in Table 2.38. 

Table 2.38 Table 2.29: An example of tabular representation from Dodson et.al, 2015 

 

For graphical representation the graph in Figure 2.15 may be given as an example: 

 

Figure 2.15 An example of graphical representation from Ong et.al, 2018 

Therefore, the final illustration of relations of all components of whole system as in 

the Figure 2.16: 
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Figure 2.16 Relations between system components in literature 
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2.7. Literature Review Discussion 

There are various project-based quality tracking systems developed in the literature. 

In order to check the quality progress systematically and to make it easily applicable 

in every project phase, Earned Value Management seems to a more suitable model to 

adapt the quality tracking system. The advantages of EVM has been explained in the 

previous parts.  Moreover, some other quality assessment systems such CONQUAS 

may also be embedded into this integrated system. When the related studies were 

examined, some findings stand out: 

Firstly, related studies use some regional or international norms. Due to the fact that 

some varieties exist among those norms used in different countries or locations; the 

norms and some details used in certain studies are required to be altered according to 

conditions of current regions (specifically Turkey for this study) in order to be used 

coherently. 

Secondly, the commonalities and differences used in different studies need to be 

integrated into each other in order to propose a QEVM system that builds up on the 

strength of the existing studies.  For instance, synthesized literature demonstrates that 

to measure the building quality factor KPI, standards / codes and/or subjective (expert 

and/ or client) satisfaction are considered as the most suitable metrics. Further 

explorations are required to identify the major components required to perform QEVM 

and their strengths.  

Thirdly, the literature reveals that the most suitable data sources or data collection 

methods for those referred metrics are the testing and inspection results (visual / high-

technology included inspection and material testing) and subjective perception (expert 

and / or client opinion). Although there are lots of data analysis methods in literature; 

questionnaire / Delphi /survey, creating / using checklists / data sheets, using fuzzy, 

AHP, descriptive analysis, statistical & basic mathematical methods and software 

supported solutions may be used coherently to extract those data acquired from the 

related data collection methods. As scoring method, between 0-10 scoring, fuzzy 
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conversion and 0 or 1 (pass or fail) scorings are the mostly used methods. However, 

the effects of applying different methods on the output of QEVM is still not known.  

Fourthly, the perception of quality through various perspectives are stated in literature; 

however, there is not a tangible result illustrating the differences between them. A 

study is needed to be done to highlight the differences or similarities between different 

perspectives to construction quality, quantitatively. 

Fifthly, it is observed that the output and the results of the developed system are 

generally represented in detailed tables or one cumulative trend graph. There is a need 

to explore alternative representations that can reflect the stakeholder/task specific 

trends of quality. Finally, any parts or the total of the developed or modified system 

shall be easily comparable and verifiable by some methods such case study in order 

to verify the suitability of modifications. 

Sixthly, in the studies that quality is scored individually independent of the cost, the 

relation of quality and corresponding cost values is indefinite. Some studies states 

about this issue such client or expert target; however, even if a client asks for a target 

quality, its corresponding budgeted cost shall be identified, explicitly. 

Seventhly, there are widely-used quality tracking system such CONQUAS; however, 

these systems also have some deficiencies. For example, CONQUAS does not track 

or integrate cost and schedule components. Some underground works are not tracked 

in this system. Inspection is done on samples to represent all building; however, this 

creates an approximate result not accurate. Scoring is done once, if there is rework 

which increases cost, the corresponding quality increment is not taken into account 

which is leading deviation in result. Weightage system is very architectural 

perspective oriented; less importance is given in structural and M&E works. In another 

study namely Ong et.al. (2018) suggests a scoring like that if the score is over 8, it is 

accepted; however, if the score is under 8, then a second scoring is done and 70% of 

first scoring and 30% is second scoring is accepted as final result. This approach also 

does not reflect final quality accurately. 
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Eighthly, in transition from classical EVM to Q-EVM, there is a gap in literature 

studies as stated in the following sentences. 17 directly-related studies with Quality 

EVM issue were analyzed stated in literature part. Generally, these transitions were 

done in 3 main concepts. PBEV (4 out of 17 studies) logic gives penalty to classical 

EVM for performance losses which is a very practical method; however, it is an 

approximation approach. Quality Cost studies (5 out of 17 studies) multiply the 

classical EVM with a factor derived somehow from Quality Cost and defends the 

reflection of these results’ directly quality concept. However; for example; if two 

projects having overall quality levels 60 and 90, and having actual quality cost ratio 

to the budgeted quality cost (or to the overall budget) is 10% for both, then one may 

not defend the quality deviation is 10% for these two projects. Thus, quality cost ratio 

to some variables is also not a good illustrator for quality concept, directly. In third 

logic, Quality Scoring studies (8 out of 17 studies) multiply the classical EVM with a 

factor derived from somehow quality scoring results. 4 studies use a final quality score 

ratio to multiply the classical EVM result with this ratio in order to transform quality 

result into some monetary terms. This approach also gives approximate results, not 

exact ones as the logic of Quality Cost included studies. The other 4 studies developed 

some other criteria. Among those studies, Paquin et.al. (2000) suggests inserting 

quality component into classical EVM directly instead of cost. This approach offers a 

more accurate result; however, the cost component is excluded completely in this 

study. Work Breakdown Structure and Quality Breakdown Structures were created. 

However, instead of a weightage system, they proposed value functions to develop 

progress which deviates the results far away from exact ones, a little bit. Xu et.al. 

(2010) proposes Actual Quality from ratio of test results and Budgeted Quality and 

weightage used unknown how to assess and they propose a factor of past data called 

as f(Qe) and they said that it is not a well-established development, Souza et.al. (2014) 

tries to predict final cost of rework and depending on this the total cost at the end of 

the project by comparing the historical data of defects to current defect data. In 

construction works, number of defects usage does not make sense, this approach is 

more appropriate for industrial or software-based sectors. Moreover, as Khalid et.al. 
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(2015, p.276) stated, using past data so much in project-based works is not a correct 

approach, since every project has its own character and cannot be resembled to the 

others. Ong et.al. (2018) inserted the CONQUAS into QEVM by modifying the 

weights in their study. They also transformed quality into monetary terms which 

makes results approximation and used a average quality representation for cumulative 

progress that is result is always shown around the 80 point quality. Finally, these 8 

studies do not used quality cost concept to analyze the effect of quality cost on quality. 

On the other hand, 5 quality cost related studies did not use quality scoring concept, 

as well. Therefore, since there are gaps to develop, issue of transition to QEVM is also 

needed to be studied on. 

Finally, there are studies integrating Quality Cost into EVM; however, there is a need 

to go into details in terms of the sources and effects of quality cost. Some concerns 

such as; why Quality Cost (cost of rework etc.) occurs, what is the source of reworks, 

what is the relation of quality cost with productivity, how they affect each other are 

needed to be studied on. These concerns shall be inserted into Quality EVM concept, 

as well; since they are also a part of this issue. 
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CHAPTER 3  

 

3. METHODOLOGY 

 

The objective of this study is to develop an easily customizable, extendible, elaborate 

and practical way to support the project managers to track the quality component of 

construction projects. In order to achieve this, firstly, articles, papers and specifically 

developed systems like CONQUAS were reviewed in literature. Various differences 

were observed in the components and mechanics of these systems. After identification 

of such differences, the following research questions (RQ) are raised and answered to 

propose a QEVM framework for construction projects: 

RQ1: What are the components of a practical and extendible QEVM framework that 

can be used for construction projects and what is the suitable transition to Quality 

EVM and how quality and cost may be related? 

While some studies focus on only the financial data, some studies use the end product 

related KPIs to assess the performance of a product/process. Hence, the initial 

objective of this study is to identify the components of QEVM that can be customized 

and practically used. Moreover, proposed system shall have a smooth transition to 

QEVM in order to give accurate results and shall reflect quality and cost relation, 

correctly. Quality and cost relation shall be reflected, as well. When the framework is 

created, the developed system shall be extendible and practical. 

RQ2: What is the effect of different quality scoring methods on the outcomes of 

QEVM framework? 

Different scoring methods were utilized to quantify the quality of products/processes. 

While some studies used a scale (e.g., likert scale), some studies only focused on the 

fact that whether the requirements were met or not (pass-fail). Hence, the second 
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objective of this study is to compare the outcomes of the QEVM framework with the 

utilization of different scoring methods.  

RQ3: How is the performance of the QEVM framework in terms of reflecting the 

client/ end user satisfaction levels? 

Another issue was to test the framework for different perspectives. In different 

literature studies, different perspectives were stated such as; client/ end user, expert, 

contractor, designer, etc. Client, owner and expert perspectives were compared in this 

study. The reason behind that, the mostly interacted sides considered as owners, 

experts and clients during construction and after construction, respectively. Thus, 

looking through the quality concept through various perspectives was decided as the 

3rd objective. 

RQ4: How can the QEVM framework be improved with the integration of financial 

data and productivity and customizing the outputs according to different stakeholders/ 

tasks?  

Quality shall be easily illustrated for different levels of details (e.g., components of 

quality: quality cost and quality productivity). In this study, the effect of the use of the 

following alternatives were tested to explore their value for the QEVM framework: (i) 

representing the quality contribution coming from general works and reworks 

separately, and their separated corresponding costs, (ii) developing separated 

illustration for each individual activities’ data beside cumulative results, (iii) 

developing separated illustration for works completed by different crews and their 

separated contribution for productivity of quality. 

In order to answer these research questions, the methodology of this study is 

demonstrated in Figure 3.1.  
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Figure 3.1 The methodology flow of this study 

 

Careful investigation of the related studies in literature led to the identification of the 

components of the QEVM framework. With the realization that how the framework 

components are pieced together result in different outputs, four case studies were 

performed to develop the final configuration of the framework. During the case studies 

(see Table 3.1), most of the components were chosen in accordance with the ones that 

were most commonly used in literature. For instance, it can be seen that the building 

(end product) quality factors were utilized as KPIs. In each case study, one or more 

variables were changed to see the effect on the final output. For instance, in the last 

case study, financial data was also used as a KPI. In summary, new trends or least-

utilized alternatives in the literature were incorporated to the framework. The 

preferences in case studies can be seen in the Table 3.1. 
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Table 3.1 The preferences for components in different case studies 

 

The last step of this study is to finalize the QEVM framework. According to whole 

findings, that framework explained in Chapter 4 was developed.  
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CHAPTER 4 

 

 

4. QEVM FRAMEWORK / MODEL 

 

The QEVM framework can be seen in Figure 4.1. Firstly, KPIs are determined that are 

aligned with the client requirements and strategic expectations of the companies. 

Afterwards, the metrics/ benchmarks are determined with respect to related KPIs. In 

this stage, by combining KPIs and benchmarks, checklists allowing practical site 

investigation are developed in accordance with certain location or region. Regional 

quality control checklists (for Turkey) were developed for this study as can be seen in 

Appendix A. Then, by following the instructions of related data collection methods, 

necessary data are collected. The collected data are analyzed with the help of data 

scoring methods and data analysis methods. Finally, all the related findings are 

processed by quality evaluation method including assignment of weights to relative 

contribution of different quality issues in order to obtain output for quality component. 

The final result is represented with the help of data communication methods. 

Afterwards, the quality output obtained from this system is integrated with cost and 

schedule components of project by Quality included Earned Value Method. By the 

way, the value functions for the relation of quality and cost components are 

derived in order to determine the targeted quality values. Final result is represented 

by data communication methods. The results are analyzed in different level of 

details for individual activities, quality cost (especially cost of rework), quality 

productivity and for different crews. Although some preferences are explained, there 

are different alternatives ways to integrate these components. In order to identify 

which combinations of preferences can yield the most effective output, 4 case studies 

were performed. The case studies are discussed in the following subsection. 
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The philosophy of certain preferences for components are explained in this section.  

 

KPIs:  

As stated in literature review part, there is a great number of supporters of the idea 

that the definition of quality is the fulfillment of the client needs. In construction 

works, the clients care about the quality of end products in terms of functional, 

behavioral and technical norms, more than other factors. Neither corporate quality nor 

service quality factors are recollected for a long time, but end product stays remedially 

with the client in construction. For this reason, building (end product) quality factor 

was considered a suitable KPI for construction works. Moreover, the literature reveals 

that half of the related studies have preferred this factor as KPI.  

On the other hand, there are also studies related with financial data KPI (quality 

cost). This factor is also needed to be analyzed in detailed, since quality cost is widely-

accepted as a direct measure for quality and cost in literature. From the rework cost 

and rework amount of work, the productivity of quality was developed in this study. 

 

Benchmarks / Metrics:  

In this study, standards, expert satisfaction, project data and financial data were 

used as metrics. Moreover, in one case, client satisfaction was also used in order to 

check whether it is suitable to use or not. If Table 2.9 (Metrics frequency with respect 

to KPIs in literature) is analyzed, it is clearly seen that using standards with end 

product KPI was preferred frequently. Afterwards, subjective satisfaction was the 

mostly used metric. Except this information, the mostly used combination in literature 

was the standards and subjective satisfaction metrics. Thus, these two components 

work with in compliance.  

Actually, the subjective satisfaction (also called “soft” measures by Lee et.al, 2006) is 

a subjective measure as expected. Various studies already state the fact that quality is 

https://tureng.com/tr/turkce-ingilizce/philosophy
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perceived as a subjective component. Moreover, the literature results have shown that 

expert opinions are very crucial in inspection of construction works. Therefore, instead 

of trying to eliminate subjective methods in assessment of quality, it is strongly 

advised that subjective perspectives should be integrated into assessment system by 

trying to make them more objective by using them with objective measures such as 

standards.  

 

Checklists: 

One of the most prominent components of the framework is the development of 

checklists with respect to KPIs and Benchmarks. As stated in the methodology part, 

KPIs and metrics were determined as building quality factor and standards, expert 

satisfaction and other data, respectively. Afterwards, the checklists to collect data were 

derived from governmental and regional private specifications with respect to those 

determined components. Those checklists were derived specifically for structural and 

architectural works as seen in the Figure 4.2 as an example. 
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Figure 4.2 An example of developed checklist for conventional formwork works 
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Data Sources & Collection Methods: 

Testing and inspection results, expert opinion, project database, financial 

database and client opinion were used in this study as data sources. At this point, the 

project data is collected to populate the checklists. If Table 2.14 (Data sources 

frequency with respect to metrics in literature) is analyzed, it is seen that testing & 

inspection results and subjective perception are the two powerful metrics used with 

standards. 

 

Data Analysis Methods: 

Checklists, software-based methods and mathematical & statistical methods were 

used in this study as data analysis methods. In this study, regionally developed 

checklists were used, different from the literature studies. The reason for that 

distinction is that standards and norms are variable with respect to different regions. 

 

Quality Tracking System: 

Various weightage and quality evaluation systems can be used to measure the 

contribution of different construction components to the total quality of the end 

product. CONQUAS and Ong et.al (2018) have developed strong weights for work 

components by widely-accepted methodologies. The proposed weights by Ong et.al, 

2018, the quality evaluation system of CONQUAS (quality assessment system of 

Singapore Building and Construction Authority) and Quality Included Earned Value 

Method were used in this study.  
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Figure 4.3 Weightage system used in study of Ong et.al, 2018 

 

Derivation of Quality vs. Cost Value Functions: 

The quality of a work produced by a worker may vary according to how much care 

and time the worker allocates to that amount of work. Hence, knowing the sectorial 

and regional norms, standards, conditions can help identification of target quality 

values for different work items. In the determination of target quality values, during 

scheduling stage, the targeted quality values were defined according to derived value 

functions for certain unit prices or vice versa. That is, according to a decided targeted 

quality level, corresponding unit price shall be selected from value functions. For each 

quality level, there is another corresponding unit price as expected since the unit labor 

cost of consumables increases by increment of the quality.  
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It shall be noted that, if budget limits have the priority than quality, then the procedure 

told in upper paragraph shall be applied, in sequence. For example; for Figure 4.4, 

expecting a quality level of 90/100, while having a cost quota as 12 TL/m2 for ceramics 

works is far from reality. That is, if unit price is defined firstly, then quality must be 

selected with respect to that cost value, given that the quality value will be within 

acceptable range. However, if client’s or owner’s quality need has a priority against 

budget, then firstly quality level can be defined and then corresponding unit cost value 

can be selected from value functions. If the case is like the second one, i.e., if quality 

has the priority, then Quality Function Deployment told in part 2.5.2. shall be used to 

assess target quality as a coherent method. Such target quality values can be assigned 

according to standards, codes and detailed requirements. Since the budget has the 

priority in the first three cases and since the targeted quality level is assigned by owner, 

directly, in the fourth case, QFD could not applied on this study. 

 

 

Figure 4.4 Example value function for ceramics tiling works 

 

On the other hand, it must also be noted that, the quality-cost value functions were not 

derived for a part or complete of project budget; on the contrary, these functions were 

derived for UNIT PRICES for each lowest-level components of project namely; 
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individual activities such as, plastering, painting. That is, this part does not imply that 

a project with $ 100 million shall have more overall quality than one with budget of $ 

1 million as can be seen from q-c value functions in Appendix B. On the contrary, for 

example; let’s assume the subcontract unit price of gypsum plastering work of project 

with $ 1 million budgets (Project A) is 45 TL/ m2 and it is 12 TL/m2 for project with 

$ 100 million budget (Project B). The quality assessment is done for all activities one 

by one and then these quality values are added to each other with their corresponding 

project weights coming from CONQUAS & Ong et.al. (2018). Assume that for each 

activity. Project A has higher unit prices than Project B, the crews with correct work 

quality capacity were preferred for both of the projects, and there is no extra ordinary 

conditions. Then,  the overall quality of project having smaller total budget (Project 

A) is expected to be higher than the one having higher total budget (Project B).  

Finally, it is also an important concern that these value functions shall be very dynamic 

especially in countries having high-rate inflation rates or high fluctuations in prices. 

Thus, these graphs may be updated in certain periods in order not to mislead the 

results. Moreover, since each project has its own characteristic and dynamics, these 

functions may be checked and updated for each project, as well. Inflation effect should 

be cared and the effects of fluctuation on results shall be excluded if it occurs. 

Assessment of the Grade or Level of Quality:  

These functions were derived according to integration of interviews with experts, 

crews and corporate owners and by the help of past data for related works and data 

from specifications, requirements, codes and standards. 

As grade concept, for example; (in the first case) a gypsum plastering work in an 

unseen place such as in ventilation shaft where a coating on the surface of wall is 

necessary to be done to just protect the wall with no quality concern (with no quality 

criteria from specifications such as; vertical or horizontal alignments, setsquare, thick 

layer etc.) may be done with the lowest price in lowest acceptable level quality, or (as 

a second case) a gypsum plastering work for a limited-budgeted multi housing project 
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aiming to complete numerous units with the lowest price in the shortest duration with 

less quality requirement may allow flexible quality conditions in its specifications (for 

example, a limit for vertical and horizontal alignments, roughness and setsquare up to 

10mm etc.) may be done with a medium-level quality consideration. On the other 

hand, as a third case, a gypsum plastering work done in a prestige project requiring 

very high-level quality criteria (such as, at most 1 mm deviation in any direction or 

alignment for at most a 1m radius of work area) to satisfy the customer shall be done 

in high-level quality. 

Therefore, according to 3 example cases given in previous paragraph, the opinions of 

all sides (experts, crews and corporate owners etc.) on the expected quality levels and 

related cost values were taken and, unit price analyses were done according to those 

opinions for each case one by one. For instance, for the quality of gypsum plastering 

for ventilation shaft, the sides had discussions and identified a quality value of 25. For 

that 25-quality value, the subcontractor unit price (included main materials and 

supplies, labor, machinery, equipment, taxes, general expenses, insurance, financial 

expenditures, social security, food & beverages, sheltering and subcontractor profit as 

%15) calculated and the cost is found as 7,95 TL/m².  Then these values were face 

validated by all other sides one more time and verifies as final values. Final 

corresponding unit cost values and quality levels or grades were calculated as 7,95TL, 

11,08 TL, 19,25 TL per m2 and 25, 60, 95 quality levels, respectively.  

At the end of this determination, these final calculated results were asked again to 

related sides to verify them and when every sides considered the related values were 

logical, then those values were accepted as determined correct results. Then this 

pricing procedure was performed for various quality requirements of various activities 

as well. When the corresponding unit cost values were acquired for 7-9 different 

quality levels for the same work, the other missing values were obtained by 

interpolation and those graphs were finalized. This procedure was done for 18 

different structural and architectural activities seen in Appendix B and Case Study 1. 

Thus, the grade perception is based on different level of technical characteristics for 
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different aims of various project types. In this study, the quality (the degree of meeting 

the requirements) is evaluated within the technical characteristics/ grade level of the 

project.   

Moreover, it is noted that the all derived unit prices for subcontractors (in Tables 4.7 

& 4.8) include the labor costs, general expenses, indirect costs and “consumables or 

supplies” costs as material costs, etc. However; these prices exclude the “main 

material” prices namely; ceramics, marble, parquet, wallpaper, formwork, rebar, 

concrete. The reason for this exclusion is that the prices of those main materials ranges 

a very wide spectrum with respect to their luxury. Since, luxury is a different concept 

from quality, those exclusions were decided to be done.  

For example; let’s consider  two different ceramics produced by the same materials 

and same inclusions having differences through design and aesthetics perspective 

leading a price gap among them. Then this difference is sourced from the luxury 

concept. However; if those ceramics have same design but have different clay and 

coating materials and different sintering heats, then the price difference sourced by 

durability difference among them is due to quality difference. Since the difference 

among quality and luxury concepts is a great topic on its own, it was not gone into 

details in this study in order not to deviate from the main concept. That difference 

issue may be another focus for another study. 

QEVM Formulation: 

Transition to QEVM 

As explained in section “2.5.3.Quality Integrated Earned Value Methods” quality 

component is converted into monetary terms by applying some factors such as; penalty 

(Solomon P.,J.,2006), a factor coming from quality cost ratio (Gao et.al.,2011) or a 

factor coming from quality score ratio (Ong et.al.,2018)) such in the first three 

“transition to QEVM” cases explained in “the conversion or transition method from 

classical earned value to quality earned value” part. Differing from those, Paquin 

et.al. (2000) calculates quality by directly scoring without transforming into monetary 
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term explained as in the fourth “transition to QEVM” case. However; cost is also 

calculated and, targeted quality values were derived by quality-cost relation value 

functions by interrelating those two components different from that study. The stated 

literature studies proposed altering QPIs as stated in part 2.5.3. In this study, QPI 

(Quality Performance Index) = AQWP (Actual Quality Work Performed) / BQWP 

(Earned Quality – Budgeted Quality Work Performed) was derived different from all 

other studies. 

 

Classical Terms 

Earned Value (EV or BCWP-Budgeted Cost Work Performed) = % complete of work 

* BCWS (Budgeted Cost Work Scheduled) 

Classical Variances 

CV (Cost Variance) = EV (Earned Value) – ACWP (Actual Cost Work Performed) 

SV (Schedule Variance) = EV (Earned Value) – BCWS (Budgeted Cost Work 

Scheduled) 

Classical Indices 

CPI (Cost Performance Index) = EV (Earned Value) / ACWP (Actual Cost Work 

Performed) 

If CPI is less than 1 (< 1), project is over budget. If CPI is greater than 1 (> 1), project 

is under budget. 

SPI (Schedule Performance Index) = EV (Earned Value) / BCWS (Budgeted Cost 

Work Scheduled) 

If SPI is greater than 1(> 1), project is ahead of schedule. If SPI is less than 1(< 1), 

project is behind schedule. 
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Derived Term 

Earned Quality Value (EQV or BQWP-Budgeted Quality Work Performed) = % 

complete of work * BQWS (Budgeted Quality Work Scheduled) 

 

where wi is the weight of the ith item and TQSi is the target quality score of the ith item 

which is calculated using the Q-C value function. 

 

Where AQWP is Actual Quality Work Performed, and QSi is the quality score given 

by the experts. 

Derived Variance 

QV (Quality Variance) = EQV (Earned Quality Value or BQWP) – AQWP (Actual 

Quality Work Performed) 

Derived Index 

QPI (Quality Performance Index) = EQV (Earned Quality Value or BQWP) / AQWP 

(Actual Quality Work Performed)  

If QPI is less than 1 (<1), project is over quality. If QPI is greater than 1(>1), project 

is under quality. 

Data Communication Methods: 

0-10 Likert scale, pass & fail (0&1) scoring methods were used in this study as data 

scoring methods. Numerical, tabular & graphical methods were used in this study 

as data representation methods. 

The use of the framework is detailed in the following case studies. 
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4.1. Case Study 1  

The first case study project is a residential prestige project for a medium-level 

construction company registered in Ankara, Turkey. The project is located in north-

west in Ankara where the typical weather conditions of 4 seasons are observed. The 

project has started on midyear of 2015 and was going on during the course of this 

study. The overall estimated cost for construction works (excluded indirect costs and 

land value) was 60 million TL, having 480 units. By the date of 01.03.2017, the works 

which were postponed due to harsh winter conditions were started again. The case 

study was applied on these “after winter works”. The complete list of these works can 

be found in Appendix A. The cost of these works was about 400.000 TL. The related 

activities for this case study may be seen in Table 4.1. 

Table 4.1 The activities list for 1st case study 

Category # Work Category & Type 

A Structural Works of Roof Flat (Columns and Slab) 

A1 Conventional Formwork 

A2 Reinforcement Bar Instalment 

A3 Concrete Pouring 

B Architectural Works 

B.A. Floor  

B.A.1 Screed 

B.A.2 Ceramics Tiling 

B.A.3 Wood Parquet 

B.A.4 Marble Slab Covering 

B.B. Ceiling 

B.B.1 Gypsum Plastering 

B.B.2 Painting 

B.C. Interior Wall 

B.C.1 Gypsum Plastering 

B.C.2 Cement Plastering 

B.C.3 Ceramics Tiling 

B.C.4 Wallpapering 

B.D. Interior Pumice Wall 

B.E. Marble Slab and Stair Covering 
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Due to the privacy conditions, the name of the company and project are not declared. 

The scheduled date for related works was in between 01.03/23.04.2017. 

For the site inspections of structural and architectural works, a team was formed 

consisting of a 14-year experienced civil engineer, a 10-year experienced civil 

engineer and a 12-year experienced architecture. These 3 quality control members 

assigned the scorings of related construction activities. Except those 3 experts, a 2-

year and a 3-year experienced 2 civil engineers helped the members by inserting the 

needed tools etc.to inspection lot and taking notes (see Figures 4.5 & 4.6), filling 

checklists according to experts’ ideas. In addition to the expert opinion, numerous test 

results (see Figure 4.7 and Figure 4.8) were collected. 

 

Figure 4.5 Photos from site inspections    

 

Figure 4.6 Photos from site inspections    
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Figure 4.7 Example of results for concrete strength tests 

 

Figure 4.8 Example of results for reinforcement steel strength tests 

The related activities were inspected during two months, and the results were recorded 

into Excel to store and to analyze (see Figure 4.9). When the works were completed 

and all inspection and testing results were collected, data analysis was performed. The 

20-year experienced project manager checked the results and orientated the processes 

and finally verified results. When the data analysis was combined with quality 

evaluation weights taken from Ong et.al. (2018) and sub-weights from CONQUAS, 

the results were generated as shown in Table 4.2. 
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Assignment of Schedule, Budget & Targeted Quality Concepts: 

At initial part of the first three case studies, the budgeting and scheduling were 

assigned firstly like in the classical EVM procedures. The certain subcontract unit 

prices were introduced and target dates for all activity types were scheduled and then 

according to unit prices of subcontractors, the corresponding achievable quality 

targets were assigned as can be seen in Tables 4.2 & 4.3: 

After activity names were created in Column B; Quantity values located in Column 

C, Unit Prices from contracts of subcontractors in Column E were introduced. By 

multiplying the Column C (quantity) with Column E (unit prices), the Budgeted Total 

Cost in Column F were obtained. By adding all total costs for each activities in 

Column F, the overall Budgeted Total Cost of all project in Cell F8 was obtained as 

390.006,23 TL. Then, the quality weights in Column G were calculated according to 

weights of Ong et.al. (2018) and sub-weights of CONQUAS with respect to quantity 

proportion. As seen in cell G8, the overall weight is 100% for quality, that is, when 

all sub weights for quality is added to each other, the result converges to 100. 

Then, as can be seen in Table 4.3, The Corresponding Target Quality for Certain Unit 

Price in Column H was assigned from quality-cost value functions according to Unit 

Prices located in Column E. Finally, by multiplication of Column G (Weights) with 

Column H (Individual quality target values for each activity over 100), the weighted 

quality expectation in Column I (Total Quality Expectation) values were founded. By 

summing up all the weighted quality contributions, the cumulative “Total Expected 

Quality” for whole project in cell I8 was calculated as 79,65 / 100. 

To introduce the actual results into this Excel Schedule, the same procedure was 

repeated. Firstly, actual costs and actual dates were entered into the table and when 

quality assessment was done, the quality values for each activity of each flat were 

introduced. By the same weightage (since quantities are the same), the actual qualities 

were multiplied and overall Actual Total Quality of project was assigned as 74,10 as 

can be seen in Table 4.4 & Table 4.5. 
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Table 4.6 Weekly and cumulatively derived results for 1st case 

 

The yellow-highlighted results shown in Table 4.5 were calculated according to 

classical EVM rules and schedule (BCWS, ACWP, progress, BCWP). The “quality” 

included columns which were not highlighted ones were generated with the same 

manner of cost calculations. That is, in EVM calculations, instead of cost component, 

quality component inserted and the same calculations were run. This approach -using 

quality instead of cost- was proposed by Paquin et.al (2000). Thus, earned value data 

for cost and quality were acquired. On the other hand, for actual quality scoring, Ong 

et al. (2018) gives 2 gradual scoring to works; if the scoring given during the initial 

inspection is under 8 point, a second measurement is done. The 70% of first 

measurement and 30% of second measurement are taken into account as final score. 

If the initial scoring is equal or more than 8, then that scoring is taken into account 

without second assessment. In this study, instead of this 2-gradual scoring approach, 

the last scoring for the last situation of any work is directly taken into account as what 

its value. For example; if work A costed 1.000 TL was scored as 6,2/10; however, 

after this scoring if there was a rework and new total cost for work A increased 1.200 

TL, and a new scoring for final situation of work was scored as 7,8/10, then 1.200 TL 
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and 7,8/10 values were taken into account as actual cost and actual quality, 

respectively. 

Identification of the Targeted Quality Values 

Ong et.al, 2018 implies that the objective quality score is 8 (by scoring once if result 

is over8, scoring twice if result is under 8); however, in this study, value functions 

representing cost vs. quality pairs were derived -instead of taking directly 8 as the 

target quality- due to the fact that in different levels of cost, different quality levels are 

obtained. That is, by altering quality level, the unit cost is also differing or vice versa. 

 

Figure 4.9 Cost vs. quality graph to determine target quality score for screed works 

For example, for screed works as shown in Figure 4.9, for the unit price of 13,91 

TL/m² the corresponding targeted quality value is 81,65. 

Those quality vs. cost value functions were derived for numerous activities for Turkey, 

valid for year 2017 (as subcontractor price) as seen in the Tables 4.7 & 4.8.  

Those value functions were derived to use not only for the decision of targeted quality 

but also for illustration of the optimum quality level for works through cost 

perspective. In order to illustrate this optimal point, quality-cost increment trend was 

decided to be analyzed. Firstly, for all activities, the all corresponding unit costs for 

each quality levels were divided by quality values in order to have the unit cost/quality 

value for each level as seen in Table 4.9 & 4.10. 
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Afterwards, the average of those values was taken and a trend graph was drawn as 

seen in Figure 4.10.  

 

 

Figure 4.10 Average Unit Cost / Quality vs. Quality graph 

 

 

Figure 4.11 Optimum quality increment range through cost component 
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In Figure 4.11, it is seen that in quality range from 25 to 70, unit quality cost is higher. 

Between 70-80 quality, the optimum unit quality cost is obtained in terms of quality. 

After 80 quality to 100, the unit quality cost is increased, as well.  

Every owner desire to highest quality with the lowest price; thus, it is logical to aim 

80/100 quality (or 8/10 equivalently) for construction works through cost 

component. Therefore, Figure 4.12 verifies the 8/10 target quality of study 130 (Ong 

et.al, 2018), as well. However, as stated before, the corresponding unit cost value shall 

be calculated and used for 80/100 quality. If unit cost is defined firstly, then this 

approach may not be used, the corresponding quality level shall be used as target. 

Communication of QEV  

 

Figure 4.12 Final results for QEVM of Case Study 1 

QPI=EQV/AQWP = 79,95/74,10=1,08>1, project is under quality. 

Table 4.11 Scheduled and actual results for 1st case 

SUMMARY COST SCHEDULE QUALITY 

SCHEDULED /BUDGETED 390.006,23 ₺ 23.04.2017 79,95 

ACTUAL 400.427,61 ₺ 29.04.2017 74,10 

 

According to final results in Table 4.11, this project is behind schedule, over budget 

and under quality which means the pessimistic result. 

In Figure 4.12, the Quality vs. Time graph also increasing cumulatively from 0 to 

74,10. This cumulative increase does not mean the quality of initial works were less 
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and of the following ones were higher. This cumulative progress occurs since the 

system was created as quality weightages were distributed according to when whole 

system is summed the result is 100 as explained in detailed in the part of Assignment 

of Schedule, Budget & Targeted Quality Concepts in this case study. 

This first case study was done in order to verify the first research question which 

investigates the components of a practical and extendible QEVM framework that can 

be used for construction projects. 

As stated in literature review part, there is also CONQUAS weightage and different 

types of scoring methods. In first case study, Ong et.al. (2018)’s weightage and “in 

between 0-10 range” scoring was used. However, in parallel to second research 

question, different scoring methods shall be tested in order to see the different effects 

on the result and to decide which weightage and scoring method is more suitable for 

construction works. Therefore, the second case study was decided to be done. 

 

4.2. Case Study 2 

After, case study 1, a second case study was applied on the same Project with same 

conditions by some modifications on weightage and scoring method in order to check 

which scoring method gives more suitable result. 

When the same scores for CONQUAS weightage is used, the actual overall quality 

is reduced to 69,05 from 74,10.  

According to second part of this case, the works were scored as 1&0 (pass or fail) 

instead of 0-10 range scale. The following example can be given in order to explain 

the scoring logic; if the final score of plastering was 7,5/10 with respect to experts, 

and the targeted quality was 8/10 according to value functions, then that plastering 

work for that flat was scored as “0” or in vice versa case, it was scored as “1”. 

According to this scoring, the results shown in Tables 4.12 & 4.13, and Figure 4.13 were 

obtained. 
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Table 4.12 According to new scoring method, new values (actual quality value has changed) 

 

 

 

Table 4.13 According to new scoring method, actual quality progress variation 

SUMMARY COST SCHEDULE QUALITY 

SCHEDULED /BUDGETED 390.006,23 ₺ 23.04.2017 79,95 

ACTUAL 400.427,61 ₺ 29.04.2017 40,65 

 

 

 

Figure 4.13 The final results according to 2nd case 

 

After changing the scoring method, the final results were the same; this project is 

behind schedule, over budget and under quality which means the pessimistic result. 
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Comparison of Case Studies 1 and 2:  

 

Figure 4.14 The Comparison of Final results for QEVM of Case Studies 1 & 2 

 

Table 4.14 Comparison of scheduled and actual results for the cases 1 & 2 

 

 

Table 4.14 reflects the great difference in the results of two case studies, when the 

quality scoring method is changed from 1-10 Likert Scale to Pass-Fail (0-1) grading. 

These results were discussed with the project team, according to their expertise; Likert 

is more suitable. Because they stated that the results acquired for Likert Scale (74) 

reflects the overall quality of the project better then Pass-Fail (41). Of course, there 

can be bias towards trying to present a higher scored building. However, during the 

meetings with the project team, they did not show any reluctance to accept low quality 

works; hence, the views of the project team has been regarded as a validation for the 

results.  

Moreover, defining the final result by applying Pass-Fail score is very challenging. In 

this case, the value under the targeted value was considered as fail. However; there is 

a great range considered as 0 or 1. That is, if the threshold value was 70, then the score 
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5 and the score 69,9 were also considered as 0 quality, or it is considered as 100% 

quality even if it is 70,1 or 100. Thus, it did not make sense for experts. For example, 

in this project, results under 50 was reworked and results over 50 were accepted. Thus, 

if the threshold was taken as 50/100 then, the whole project would supposed to be a 

complete quality success as 1 (100/100). However, the actual quality value was 

74,1/100 in the first case by scoring in between 0-10 range.  

Therefore, according to “pass or fail” scoring method, the actual quality results were 

decreased dramatically. Both the results of first and second cases were evaluated by 

all the experts and the second result was considered far away from the reality, and the 

result of first case was taken into account as a satisfying result. Thus, according to 

these evaluations, this type of an overall 0&1 scoring for a flat is not appropriate 

scoring type. 

Thus, after this unsatisfying result a third scoring type was needed to be tested and 

this leads to third case study. However, client and owner opinions were also inserted 

into the third case study in order to answer the third research question, as well. 

 

4.3. Case Study 3 

The change in the scoring method was tested in Case Study 2 and the expert opinions 

were used for the validation of the results. In this case study, the quality scores were 

checked against the feedbacks (Figure 4.16) that come from clients, experts & owner 

of the project. In this case, these feedbacks were converted into 0&1 scorings with the 

logic seen in the Figure 4.15. According to this logic, if there was a complaint that 

needs rework, this defective area was counted as “0” and the rest quantity for this 

activity was scored as “1”. In this way, activity will have an overall scoring between 

0-1, that is, scoring was done as 0 & 1; however, the result was obtained “in between” 

0 and 1.  
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Figure 4.15 Scoring logic with respect to quantity 

 

Figure 4.16 A feedback example from client perspective 

According to this scoring method, the results in Table 4.15 were acquired. In this table, 

the scores according to different perspectives is seen. The results of first column come 

from owner (28 year-experienced engineer) and the general manager (40 year-

experienced engineer) of the company. The second column’s feedbacks come from 

the experts of case study 1. And, finally the feedbacks of third column was from 

clients. 
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Table 4.15 Average results for different perspectives 

 

Six subcategories seen in Table 4.16 for architectural works were used for scoring, 

since only those ones were commented in the feedbacks. 
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Table 4.16 Used work components for calculations coming from feedbacks 

 

The calculations were run as in the Table 4.17. In third column (A), the section overall 

point (50), and sub-section (7) point is seen. In the fourth column (B), the overall score 

was converted into 100, and sub-scores were proportioned, as well.  

Table 4.17 Details of calculations 
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The feedbacks as in the Figure 4.16, was converted into defect ratio by proportioning 

the quantity as defined in Figure 4.15, in the 5th column (C). By subtracting the (C) 

values from “100%” in the 6th column (D), the success ratio was obtained. Finally, by 

multiplying (D) with sub-score weight (B), the final scores (E) for each row was 

calculated. 

Table 4.18 Final results for each calculation 

 

On the whole, the results which were illustrated as average in Table 4.15 come from 

Table 4.18 shows that there are differences on results with respect to various scoring 

type and different perspectives. The targeted quality was 79,95 and the overall actual 

quality score for case study 1 (for 0-10 Likert scoring) was 74,10. Converted results 
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from feedbacks by “0&1 for local defective area” scoring results for experts, owner 

and clients were 80,66, 80,31 and 85,32 in average, respectively. Since owner and 

general manager of company are also experienced engineers, it is seen that the results 

of owners and experts were compromised through the specialist window. However, it 

is also seen that, clients’ views bring higher scores since they could not see details or 

philosophia of works as experts, in detailed. 

In comparison, this type 0&1 scoring gave more reasonable result with respect to 

alternative of case study 2. However, it was the question in this point to prefer which 

scoring method, namely “0-10 Likert scoring” or “0&1 for local defective area” 

scoring type. In order to find the answer of this question; random 3 clients, experts, 

general manager and project manager were interviewed, and they were asked to give 

an overall score for related works in feedbacks. It is noted that none of the participants 

knew about those results were coming from calculations, in other words they 

responded the question as data-blind. Moreover, they did not give a certain score as 

result except PM, but they did in between some ranges. The answers of clients were 

about from 70 to 80. The experts thought near 70 – 75 is a good value. The general 

manager was unsatisfied due to some lack of quality and he gave a range in between 

65 – 70. Finally, project manager answered as 75 as overall scoring as seen in Table 

4.19. 

Table 4.19 Overall scores from interviews for different perspectives 

 Clients Experts GM PM 

AQWP 

(Perception) 
70-80 70-75 65-70 75 

 

According to these results, simply the arithmetic average gives 75 as overall score. 

Moreover, all results were around the 75 individually, as well.  

Thus, since the result of scoring method of 1st case, “in 0-10 between range” gave the 

nearest score (74,10), this scoring method was considered as more suitable for 

construction quality assessment. 
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Except the overall score, the sub-score average according to defect types may be 

analyzed by grouping as seen in the Table 4.20. This analysis may also illustrate some 

defect trends about the related works and provides the owner to take precautions, as 

well. 

According to these values, it is also seen that the roughness, finishing and hollowness 

were the main defect categories for this project. Jointing also seemed a little 

problematic. On the other hand, other defect types seemed well. 

Table 4.20 Defect ratios 

 

 

4.4. Case Study 4 

A final case study was applied in another project to verify the preferences for 

components of system whether suitable or not, and to develop the “quality 

productivity” concept. 

The second project which this case study was applied on is a residential prestige 

project for a medium-level construction company registered in Ankara, Turkey, 

similar to the first company and project. The project is located on south part of Ankara 

experiencing the typical weather conditions of 4 seasons. The project has started at the 

beginning of 2017 and was going on during the time of data collection for this research 

study. The overall estimated cost for construction works (excluded indirect costs and 
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land value) was 90 million TL, having 390 units. By the date of 20.04.2018, the 

architectural works was started. The case study was applied on “masonry and gypsum 

plastering works” of a part of 70 units of project. The cost of these works was about 

1,5 million TL. Due to the privacy conditions, the name of the company and project 

are not be declared. The scheduled date for related works was in between 

01.03/23.04.2018. 

For the site inspections of related masonry and gypsum plastering works, a team was 

created consisting of an 11-year experienced civil engineer (the same expert in CS1), 

a 13-year experienced architecture (the same expert in CS1) and a 14-year experienced 

construction technician (new member for this case). These 3 quality control members 

assigned the related scorings for related construction activities. Except those 3 experts, 

a 3-year and a 5-year experienced 2 civil engineers helped the members by inserting 

the needed tools etc.to inspection lot and taking notes, filling checklists according to 

experts’ ideas. 

New derived Checklists, weightage of Ong et.al (2018), expert opinions, between 0-

10 scale scoring, 90/100 targeted quality (owner’s preference) and corresponding 

budgeted costs for this quality target were used for this case. 

After data collection and analysis, the findings in Tables 4.21, 4.22 & 4.23 were 

acquired:  

Table 4.21 Weekly progress summary for 4th case 

 



 

 

 

107 

 

Table 4.22 Cumulative progress summary for 4th case 

 

 

 

Table 4.23 Quality cost and without quality cost actual progress values 
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Figure 4.17 CPI and QPI values for 4th case (C vs. Q) 

In Figure 4.17, cost vs. quality values are illustrated in graph. The “bcws”, “earned” 

and “acwp” lines are classical representation of EVM; however, in this case, Actual 

Cost graphs were illustrated as its components; “aqcwp” represents the actual quality 

cost work performed and “acwp w/o qc” stands for actual cost work performed without 

quality cost. Thus, the effect of reworks may be tracked in this case. 

 

Figure 4.18 CPI and SPI values for 4th case (C vs. T) 
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In Figure 4.18, cost vs. time values are illustrated in graph. The “bcws”, “bcwp 

(earned)” and “acwp” lines are classical representation of EVM; however, in this case, 

Actual Cost graphs were decomposed like in the Figure 4.17. Thus, the effect of 

reworks in terms of cost and time may be tracked in this graph, as well. 

 

Figure 4.19 QPI and SPI values for 4th case (Q vs. T) 

In Figure 4.19, quality vs. time values are illustrated in graph. Actual Qost graphs were 

decomposed like in the Figure 4.17 as before and after reworks. Thus, the effect of 

reworks in terms of quality and time may be tracked in this graph, as well. 

According to this case study, schedule is behind the planned value for 2 weeks. Quality 

is over the planned one about 4%, and cost was exceeded by 14%. 

Table 4.24 Scheduled and actual results for 4th case 

SUMMARY COST SCHEDULE QUALITY 

SCHEDULED /BUDGETED 1.201.660,87 ₺ 14.07.2018 90,00 

ACTUAL 1.367.764,16 ₺ 30.07.2018 93,65 
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Therefore, according to results, the project is behind the schedule. Despite the fact that 

quality is over the expected value, cost exceeded the budgeted value. 

The findings of quality values were asked to and verified by owner’s experts who are 

a 10-year experienced civil engineer and 25-year experienced site technician. 

The first part of the Case Study 4 was applied in order to verify the preferences. After 

this part, this case study was maintained as its second part in order to compare the 

Quality Cost Included EVM concept in the literature with the one in this case study. 

Afterwards the third part was maintained in order to improve “quality productivity” 

concept. 

For second part of this case, quality cost included EVM concept in the literature with 

the offered concept of this study. 

For the same case, the data in Tables 4.21 & 4.22 were arranged and used as in the 

Tables 4.25 & 4.26. 

 

Table 4.25 Scheduled and actual results with Quality Cost 
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Table 4.26 Scheduled and actual results without Quality Cost 

 

The actual quality cost 151.309,48 TL is divided by budgeted cost (1.201.660,87 TL) 

in order to find the ratio of quality cost to budgeted value as 12,59%. Afterwards 

100%-12,59% = 87,41% value was founded and multiplied by the Earned Value 

(BCWP W/O QC column of Table 4.21) in order to have the Earned Value including 

Quality Cost concept (BCWP WITH QC IN LITERATURE column of Table 4.21) 

according to QPI definition of Khalid and Yeoh (2015, p.278) and also QEV definition 

of Miguel, Madria and Polancos (2019, p.624). After finding the Earned Value 

amounts according to approaches of this study and Khalid et.al. (2015) and Miguel 

et.al (2019), the graphs for them were drawn in order to compare the results, 

representatively as in the Figures 4.20 & 4.21. 
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Figure 4.20 Actual, Budgeted and Earned Values 

 

In Figure 4.20; BCWS is the classical EVM approach for budgeted cost work 

scheduled, BCWP without QC represents the Earned Value before reworks, ACWP 

with QC shows the whole actual costs including reworks and ACWP with QC stands 

for the actual costs except reworks. Those values were inserted this graph in order to 

visualize the differences. The other two lines “BCWP with QC” and “BCWP with QC 

in literature” represents the two final Earned Value results for different approach. Let 

analyze them in Figure 4.21, separately. 
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Figure 4.21 Earned Value Comparison of this study and literature 

 

Consequently, as shown in Figure 4.21, the “BCWP WITH QC” graph offered by this 

study was coming from the detailed tracked work and rework data week by week and 

reflecting the exact data, not approximate. However, BCWP WITH QC IN 

LITERATURE graph was created with the data coming from generalization approach 

(multiplied Earned Value with Quality Cost ratio). Multiplying the Quality Cost 

success ratio with Earned Value result is giving an approximate result, because there 

is a generalization approach in its philosophy. Thus, as also can be seen from the 

graph, there is a certain difference sourcing from this generalization and this study 

proposes a more accurate result in order to eliminate this deviation. 

For third part of this case, cost of failure or cost of loss (component of quality cost) 

was calculated separately by keeping the data related with rework such as; manhours, 

daily wages and indirect costs. Afterwards, a new trend was tried to be created named 

as “productivity of quality”. This definition serves the unit quality per man-day. 

Moreover, “cost of unit quality” concept was also developed as cost / unit quality. 

This trend illustrates the “quality productivity of crews” and “the cost paid to crews 
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to improve the quality of work”, and helps to owner as beneficial indicators in tracking 

crew’s labor productivity.  

The data related with work details of two different gypsum plastering crews were kept 

to analyze and to develop the concepts. The first crew worked on their first flat, and 

then moved on the second flat. At the end of the machinery plastering, and manual 

plastering of first flat, the expert team scored the related works and asked for 

improvement. While a part of first crew continued the initial works of second flat, 

several workers come back to first flat for reworks. Then, after improvements and 

reworks, expert team has scored again the first flat and accepted the gypsum plastering 

works. However, at this moment, since it was realized that the unit cost of work was 

exceeded with respect to contract value due to lack of labor quality capacity of first 

crew, a second crew was negotiated as precaution. While the first crew was finishing 

the second flat works, the second new crew started the work at their first floor in 

another block of project. When the first crew completed their second flat works, the 

expert team did not accept the work quality and reworks were done. At that moment, 

second crew also completed their first flat works and experts scored the work quality. 

The initial work quality of second crew was observed having higher value than the 

first crew’s one. However, this work also needed less improvements for minor errors. 

While first crew completed their reworks for their second flat, the second crew also 

completed their reworks for first flat and experts scored the works, as well.  

When the first crew’s works for 2 flats were compared with second crew’s results, it 

was seen that first crew’s labor quality capacity was less than the second crew’s one 

which was leading to cost overrun. Thus, the first crew’s contract was cancelled.  
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Table 4.29 Average progress of crews for 2 flats and related data of capacity 
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According to Table 4.29, the overall capacity of quality productivity of first crew is 

less than the second’s one. While, a worker of first crew produces 1,17-unit quality in 

a working day, a worker of second crew may produce 1,52-unit quality in a day. 

Moreover, a unit quality produced by first crew costs 227,35 TL; however, the cost of 

unit quality is 174,66 TL, in average.  

Thus, it is clearly seen that, the second crew is capable to produce more quality with 

less cost with respect to second crew, on total. 

 

Figure 4.22 Cost vs. Quality graph of 1st & 2nd crews 

 

A very important finding for this second part of the 4th case study is that this part 

proves that work productivity and quality productivity are not only different but also 

intimate concepts. That is, they are both dependent to each other. Work productivity 

shall not be analyzed without quality productivity concept. Actually, the work 

productivity is affected and shaped by quality productivity as can be seen from Figure 

4.22. The expected or targeted quality defines the need of the amount of how many 

man-days to consume for related work. The work productivity shall be defined for a 
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certain quality target. That is, for each targeted quality value, there is a corresponding 

work productivity value. Moreover, since quality concept affects the work 

productivity; quality capacity of workers is in the concern, yet. Thus, the dependency 

of quality productivity and work productivity to each other is the deduction from this 

part. For example; in 4th case, the first crew was decided as infeasible for higher quality 

works more than about 65 point; however, on the other hand, it is also correct that the 

second crew seems unfeasible for the gypsum plastering works needing under 65 

quality scores such as; warehouses, industrial constructions where needing less quality 

more functionality. It is seen that, for works of such warehouses which does not need 

higher level quality of labor, crews such first one is more feasible with respect to 

second one. However, for prestige projects needing higher level of labor quality such 

as, residential, commercial, shopping malls, hotels or residences etc. the crews such 

second one having more capacity to produce more quality levels of labor with less 

cost is more feasible. 

Finally, EVM values for each subcontractor / crew were illustrated, separately in this 

part. In literature, there is no separate illustration and it was considered the separate 

representation will be beneficial in order to analyze crews independent from each 

other. This separate analysis approach enables the owner to see the source of problems 

in terms of crew or subcontractor and to take precautions at early stages. The data seen 

in Tables 4.30, 4.31, 4.32 & 4.33 were drawn as graph in Figures 4.23 & 4.24. 

Table 4.30 Data for masonry crew 
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Table 4.31 Data for first crew of gypsum plastering 

 

Table 4.32 Data for second crew of gypsum plastering 

 

Table 4.33 Data for the whole of works 
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Figure 4.23 Cost vs. Time graph of EVM values 

 

 

Figure 4.24 Quality vs. Time graph of EVM values 
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According to Figures 4.23 & 4.24; all crews exceed the budgeted cost, they are behind 

the schedule and works of masonry and second gypsum crews are over quality, quality 

of work of first gypsum crew is overlapped in the graph, thus it is on the target. 

For example; in cost-time graph, the second gypsum crew -seen with thick layers- is 

seen behind the schedule and over the budget. In quality-time graph, it is seen again 

behind the schedule and over the expected quality. 

 

4.5. Discussions on the Findings of Case Studies 

Within the scope of this research study, four case studies were performed. In these 

case studies, the quality of two different projects were assessed by using the developed 

QEVM framework. For both of these case studies, checklists were developed using 

the local and company specific requirements, benchmarks and KPIs. These checklists 

were populated with expert opinions and test results (strength tests for concrete and 

reinforcement bars) in first two cases. The client, owner and expert feedbacks were 

used as data sources in the 3rd case. Site inspection results of experts, financial data 

and quality productivity concepts were used as data collection method for the 4th case. 

In parallel to first research question in terms of system components; when the overall 

expert and client scores are compared with the results obtained from QEVM 

framework, it is observed that the building (end product) quality factor is a suitable 

KPI for construction works. Financial data (quality cost) is also another KPI to be 

needed to track in order to keep project budget under control. Service or Corporate 

level KPIs are more suitable ones for other sectors than construction. Moreover, 

standards / codes, financial data and subjective satisfaction are suitable benchmarks 

or metrics to measure building quality factor KPI, with respect to them. Some data 

sources such as; expert and client opinions shall not be ignored just because they seem 

as subjective measures. On the contrary, it was clearly seen that expert opinion is a 

very necessary data source for assessment of especially quality concept. These kinds 

of measures shall be supported by objective ones such as; test results, high technology 
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included inspections in order to eliminate the subjectivity discussion. Moreover, 

means (questionnaire, checklists) are also very beneficial supporter tools to collect 

subjective measures. Regional Checklists (see Appendix A) were derived for this 

study. It is suggested to consulting more than 2 experts for expert opinions in order to 

reduce the subjectivity, as well. Perceptive, software-based, conceptual or 

mathematical & statistical data analysis methods are easily applicable data analysis 

methods to analyze the collected data. As quality evaluation method, Combining 

the Q-EVM, CONQUAS, and weights of Ong et.al (2018) created a framework for 

assessment of construction quality working in harmony. Moreover, value functions for 

quality versus cost were proposed and derived in order to define targeted quality 

values as can be seen in Appendix B. To sum up related parts with transition to Q 

EVM from classical EVM, instead of using an approximation method as in the 4 PBEV 

studies, 5 Quality Cost EVM studies and 7 Quality EVM studies, an exact method was 

proposed as Paquin et.al. (2000) by inserting and comparing cost component, as well. 

Final Q EVM value was not transformed into monetary terms and commented as in 

quality scoring terms. The clear weightages were proposed as Work Breakdown 

Structure and Quality Breakdown Structure; the high-level weightage was used of Ong 

et.al. (2018) and lower-level weightage was used of CONQUAS with the suggestion 

of their being modifiable. Past data usage was not preferred since the target works are 

project based. Quality-cost relations were derived as value functions for 18 activities 

in order to have accurate results, this part is solving this gap in literature. The final 

Cost and Quality representations were done separately in order to see the effects of 

them on to each other. Quality Cost concept was also introduced the quality scoring 

EVM system which were not used together in literature in order to analyze further 

steps. This step was done and stated also in 4th case study; however, it is placed also 

in transition to QEVM part as contribution of this part. 

The effect of different kind of scoring methods were studied in Case Studies 1, 2 &3 

to analyze the second research question and the “in between a range” Likert scoring 

is proposed as a more suitable scoring method for the scoring of quality of construction 
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works, the results of this type scoring were considered as more close to perception. A 

“0&1” scoring for an activity or defect type for a whole flat, room or area gave 

unrealistic result. A partial “0&1” scoring has given more realistic result according to 

previous method; however, the first one was evaluated as more applicable one.  

The quality perceptions of different sides were also questioned as third RQ. Client 

scorings gave higher quality results with respect to experts and owner. However, the 

results of experts were evaluated as more accurate. Thus, expert opinions were 

considered as more comprehensive in terms of behavioral, functional and technical 

perspectives with respect to clients, in assessment of construction quality. 

Quality cost concept was inserted and quality productivity concept was proposed 

and analyzed in detailed in the 4th case study to respond fourth research question. 

Quality cost concept in literature studies were generally offered with a generalization 

approach by multiplying quality cost ratio (to overall budget) with Earned Value; 

however, in this study, an exact approach was proposed by keeping all rework cost 

data, separately. Variety in results was illustrated. In addition to quality cost insertion, 

the quality productivity capacity of crews was tracked in order to increase efficiency 

and reduce the cost. It was shown that for different quality targets, different 

characterized crews may have optimum productivity.  
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CHAPTER 4  

 

5. CONCLUSION & DISCUSSION 

 

In the construction sector, cost, time and quality also known as iron triangle are 

considered as the most important three components out of nine project management 

knowledge areas, in practice. When seeking an objective, Earned Value Method come 

into prominence as a simple and powerful tool for tracking time, budget and scope. 

The general problem in construction sector is to track quality component less 

systematically, in practice. Thus, in this study a Quality included Earned Value 

Management (QEVM) Framework is developed as a progress measurement method 

including quality component. If it is needed to highlight one more time the reason 

behind quality integration into EVM, this integration creates a systematical and 

totalitarian way to track quality with respect to cost and time. Otherwise, companies 

already track quality component by the help of site employers, individually, or using 

systems like CONQUAS. However, tracking the quality component separately, and 

not correlating with cost and schedule is not a sustainable approach for understanding 

the performance of projects. Moreover, integrating the quality information into the 

EVM facilitates tracking quality in a systematic manner.  

In order to develop the QEVM framework, firstly literature was reviewed in terms of 

system requirements namely; Key Performance Indicators, benchmarks or metrics, 

data sources or data collection methods, quality evaluation system, data 

communication systems and finally for Quality Earned Value Method. Valuable 

studies were founded related with this issue in literature; however, it was realized that 

there is a lack of an extendible, elaborate and practical QEVM system that can be used 

for construction projects. In order to address this gap, four research questions were 

raised.  
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In order to answer the RQ of “What are the components of a practical and extendible 

QEVM framework that can be used for construction projects?”, an extensive literature 

review was performed and the components of the QEVM framework was identified 

as: Building (end product) quality factor & financial data (quality cost) as KPI, 

standards, financial data & subjective satisfaction as benchmarks, testing & inspection 

results, data base, perception & means as data sources, perceptive & mathematical 

methods as data analysis methods, systems based on standards (specifically 

CONQUAS) & Q-EVM as quality evaluation system and finally in between a range 

Likert Scale as data scoring methods. Some developed or new suggestions for 

problems in transition to QEVM part were introduced the system. 

One of the important components of the framework is the development of checklists 

with integration of locational & regional needs such standards. 

In order to answer the RQ of “What is the effect of different quality scoring methods 

on the outcomes of QEVM framework?” two case studies were performed on the same 

project using a “In-between a range” and a “Pass-Fail” scoring. The project used in 

these case studies is a prestige residential building complex project with 480 units. 

The case study was applied on after winter works on a block including structural works 

of roof flat and architectural works of eight flats. Using the checklists derived within 

the scope of this research study, the quality of the tasks/components of the project was 

evaluated with the help of three experts. The results of these case studies revealed that 

the more suitable scoring method for a building construction project is an in between 

a range Likert scale for this study. 

In order to answer the RQ of “How is the performance of the QEVM framework in 

terms of reflecting the client/ end user satisfaction levels?”, a total  a total of six client 

feedbacks matching with the related tasks for eight units of the third case study was 

acquired and analyzed. The results of this case study revealed that experts are looking 

through a more comprehensive perspective with respect to clients for this study. 
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In order to answer the RQ of “How can the QEVM framework be improved with the 

integration of financial data and productivity and customizing the outputs according 

to different stakeholders/ tasks?” a different case study was performed. This case study 

is based on a different residential prestige building complex project with 390 units. 

For this work package, quality cost was separated from total cost (the contribution of 

cost of loss is separated from other costs to track quality efficiently), and unit quality 

cost per unit quality treatment was tracked to determine the “quality productivity” of 

crews.  Value functions of cost vs quality were derived for many activities using 

experts’ opinion and collecting the related cost data from companies doing related 

jobs. Moreover, optimum quality level through cost component was also decided by 

calculations of unit cost for each quality increment for different quality levels of 

activities. As expected, it was confirmed with the collected data that improving or 

treating a less quality work is much more expensive than the case of doing it for the 

first time with higher quality. Moreover, illustration of activities’ separate contribution 

to Earned Value was analyzed to visualize more elaborate and detailed role of each 

activity.  

One of the limitations of this study is the fact that “quality-cost” relation value 

functions for a limited number of activities were derived by collecting a wide-range 

of cost data from the sector and experts. Even if, it is seen as a suitable manner to 

solve the relation among these components, manual collection of temporary cost data 

for all kinds of construction project activities may not be a sustainable approach in the 

long run.  

As future developments; firstly, the general problem of the index of SPI’s (and 

similarly QPI’s) always giving 1 as result at the end of project remains as the main 

problem of EVM independent from this study as stated in the page 401, Lipke et al. 

(2009). That related study also suggests a concept as Earned Schedule to solve this 

problem. In future studies Earned Schedule concept may be integrated with quality 

included EVM, as well. Secondly, the derived concept of “productivity of quality” is 

considered worthwhile to be improved in future studies to track the quality 
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contribution and the corresponding cost value of crews in order to having an end 

product with more quality and less cost. This improvement is considered to provide 

the companies saving cost of losses in remarkable amounts. 

The checklists developed in this study provide a practical template to apply and adapt 

for each construction project. As a future research, these templates can be customized 

according to companies and can be incorporated into organizational culture of 

companies. In this way, project, activity and subcontractor-based quality comparisons 

can be performed to help strategize future quality investments. Furthermore, a central 

QEVM tool can be developed that integrates the nonconformance reports and external 

failure records to identify and track the reasons and trends of quality related problems 

and expenditures.  

As stated in “Derivation of Quality vs. Cost Value Functions” part of Chapter 4, in 

this study, the targeted quality levels are assigned by either according to cost values 

or by owner. In further studies, the targeted quality value can be assigned by Quality 

Function Deployment. Moreover, as Dikmen et.al. (2004) proposed, QFD may also 

be used as a quality assessor tool at later stages by incorporating the weights and sub-

weights and criteria of Ong.et.al. (2018) and CONQUAS. 
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APPENDICES 

Appendix A 

Developed checklists: 
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Appendix B 

Developed Value Functions for 2017 Prices: 
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