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ABSTRACT

BAYESIAN BELIEF NETWORK-BASED CONTRACTOR PROFITABILITY
RISK ASSESSMENT FOR PPP HOSPITAL PROJECTS IN TURKEY

Aslantaş, Alper

Master of Science, Department of Civil Engineering

Supervisor: Prof. Dr. Mustafa Talat Birgönül

Co-Supervisor: Prof. Dr. İrem Dikmen Toker

August 2023, 84 pages

This research endeavors to develop a Bayesian Belief Network (BBN)-based frame-

work for assessing contractor profitability risks in Public-Private Partnership (PPP)

hospital projects in Turkey. As PPP projects gain prominence in the healthcare sec-

tor, it becomes crucial to identify and manage risks that may impact the profitability

of contractors undertaking these projects. The proposed BBN model aims to provide

a comprehensive and systematic approach to evaluate the complex interplay of fac-

tors affecting contractor profitability, such as project characteristics, macroeconomic

conditions, regulatory environment, and operational performance.

The research begins by conducting a thorough review of existing literature and en-

gaging in consultations with industry experts to pinpoint pertinent risk factors, which

are subsequently consolidated into a comprehensive list. Employing specialized soft-

ware, GeNIe, the BBN model is developed with input from experts, encompassing

risks, relationships, and probabilities. Through this probabilistic graphical model, the

BBN incorporates expert knowledge to estimate conditional probabilities and quan-

tify the impact of various risk events on contractor profitability. The model’s accuracy
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is ensured through validation using experts’ opinions, and necessary adjustments are

made based on validation tests to enhance the accuracy of risk assessments for con-

tractors in PPP hospital projects. Furthermore, the practical application of the BBN-

based risk assessment is demonstrated through a case study, providing valuable in-

sights into risk mitigation strategies and empowering stakeholders to make informed

decisions and optimize risk allocation in PPP hospital projects.

In conclusion, the proposed BBN framework holds promise as an effective tool for

evaluating contractor profitability risks in PPP hospital projects. By enabling a sys-

tematic analysis of risks and their interdependencies, this research contributes to

enhancing the success and sustainability of PPP initiatives in the healthcare sector.

The findings are expected to assist policymakers, project developers, and investors in

formulating risk management strategies that promote the efficient delivery of high-

quality healthcare services in Turkey’s PPP hospital projects.

Keywords: Public-Private Partnership (PPP), Bayesian Belief Network (BBN), PPP

Hospitals In Turkey, Contractor Profitability, Risk Assessment
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ÖZ

TÜRKİYE’DEKİ KÖİ HASTANE PROJELERİ İÇİN BAYESİAN İNANÇ
AĞI TABANLI MÜTEAHHİT KARLILIK RİSK DEĞERLENDİRMESİ

Aslantaş, Alper

Yüksek Lisans, İnşaat Mühendisliği Bölümü

Tez Yöneticisi: Prof. Dr. Mustafa Talat Birgönül

Ortak Tez Yöneticisi: Prof. Dr. İrem Dikmen Toker

Ağustos 2023 , 84 sayfa

Bu araştırma, Türkiye’deki Kamu-Özel İşbirliği (KÖİ) hastane projelerinde müteah-

hit kârlılık risklerini değerlendirmek için Bayes İnanç Ağı Tabanlı bir çerçeve geliştir-

meyi amaçlamaktadır. KÖİ’ler sağlık sektöründe önem kazandıkça, bu projeleri üst-

lenen müteahhitlerin kârlılığı etkileyebilecek riskleri belirlemek ve yönetmek önem

kazanmaktadır. Önerilen BBN modeli, proje özellikleri, makroekonomik koşullar, dü-

zenleyici ortam ve operasyonel performans gibi müteahhit kârlılığını etkileyen faktör-

lerin karmaşık etkileşimlerini değerlendirmek için kapsamlı ve sistemli bir yaklaşım

sunmayı hedeflemektedir.

Araştırma, mevcut literatürün detaylı bir şekilde gözden geçirilmesi ve sektör uzman-

larıyla görüşmeler yapılarak ilgili risk faktörlerinin belirlenmesiyle başlar. Bu faktör-

ler daha sonra kapsamlı bir liste haline getirilir. Uzmanların katkılarıyla, özel yazılım

GeNIe kullanılarak riskler, ilişkiler ve olasılıklar içeren BBN modeli geliştirilir. Bu

olasılıksal grafiksel model sayesinde BBN, uzman bilgisini kullanarak yüklenen ko-

şullu olasılıkları tahmin eder ve çeşitli risk olaylarının müteahhit karlılığı üzerindeki
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etkisini nicelendirir. Modelin doğruluğu, uzman görüşleriyle yapılan geçerleme sü-

reciyle sağlanır ve geçerleme testlerine dayanarak risk değerlendirmelerinin müteah-

hitlerin KÖİ hastane projelerindeki doğruluğunu artırmak için gerekli düzenlemeler

yapılır. Ayrıca, BBN tabanlı risk değerlendirmesinin uygulaması bir örnek olay in-

celemesi ile gösterilir ve bu sayede risk azaltma stratejilerine dair önemli içgörüler

sunularak paydaşların bilinçli kararlar almasına ve KÖİ hastane projelerinde risk da-

ğılımını optimize etmelerine olanak tanır.

Sonuç olarak, önerilen BBN çerçevesi, KÖİ hastane projelerinde müteahhit kârlılık

risklerini değerlendirmek için etkili bir araç olarak umut vaat etmektedir. Riskleri ve

aralarındaki etkileşimleri sistematik olarak analiz ederek, bu araştırma sağlık sektö-

ründeki KÖİ girişimlerinin başarısını ve sürdürülebilirliğini artırmaya katkıda bulun-

maktadır. Bulguların, Türkiye’deki KÖİ hastane projelerinde yüksek kaliteli sağlık

hizmetlerinin verimli bir şekilde sunulmasını teşvik eden risk yönetimi stratejileri

oluşturmak için politika yapıcılar, proje geliştiricileri ve yatırımcılara yardımcı ol-

ması beklenmektedir.

Anahtar Kelimeler: Kamu Özel İşbirliği (KÖİ), Bayes İnanç Ağı (BİA), Türkiye’de

KÖİ Hastaneleri , Müteahhit Kârlılığı, Risk Değerlendirmesi
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Governments have been looking for ways to improve their countries’ important ser-

vices such as infrastructure and health for a long time. Public-Private Partnership

(PPP) can be interpreted as one of the most effective ways. PPP is a contractual

agreement that involves a public agency and private sector entity sharing common

skills and assets to provide a service or facility for public use. In PPP, the possible

risks and awards related to the service or facility are also shared by the parties of

the contract. PPP has been used successfully for a wide range of public services like

infrastructure, health services, and urban planning (Pârvu and Voicu-Olteanu 2009).

PPP is a long-term, results-oriented relationship between public and private institu-

tions (Marques and Berg 2011). Moreover, PPPs emerged in response to the per-

sistent challenges faced by the public sector in enhancing its services, facilities, and

infrastructure, which often require substantial economic resources. Consequently, to

address these challenges and leverage the private sector’s expertise, financial capabil-

ities, and technical know-how, the public sector sought collaboration through PPPs

for the delivery of projects and public services. As a result, PPPs have been widely

adopted worldwide, particularly in the infrastructure sector, and recognized as a po-

tent driver of economic growth (Olusola Babatunde et al. 2012). PPPs are perceived

to offer enhanced value for money, particularly in infrastructure projects, owing to

their potential to optimize resources and outcomes (Hwang et al. 2013). PPP projects

are projects that are based on outsourcing finances. The risks of invested capital on

the projects are undertaken by private institutions. It does not mean that all risks are

on the private sector. On the contrary, as it is mentioned PPP projects spread risk
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optimally, ensuring that each subject of the partnership takes the risks they can best

manage. The basic logic behind the implementation of a PPP project can be explained

as the public sector’s realization of the desired project without using its own power or

resources, providing a significant benefit in terms of expenditures for public institu-

tions (Pârvu and Voicu-Olteanu 2009). Although the logic same, there are also other

definitions made by institutions about PPP.

• According to the Organization for Economic Co-operation and Development

(OECD), PPP is a long-term agreement reached between the public and private

institution in the delivery of public services that the private partner finances

using the capital assets and shares the associated risks with the public agency

(OECD, 2008).

• International Monetary Fund (IMF) states that PPP is an agreement that private

sector becomes the provider of infrastructure assets and services that have been

delivered by the public agency (Hemming, R., 2006).

• EC (European Commission) says that PPPs (Private-Public Partnerships) are

a well-known tool that is used for a wide variety of public services includ-

ing telecommunications, water plants, and general public services. It is stated

that limited public money, as well as initiatives to improve the quality and effi-

ciency of public services, make public-private partnership agreements appeal-

ing (Commission of The European Communities, 2004).

Motivations for government and private sector involvement in PPP stem from various

compelling factors (Valdimarsson, 2007). Firstly, the transfer of risks is a signifi-

cant driving force for governments when considering PPP projects. By collaborat-

ing with the private sector, the government can shift a substantial portion, if not all,

of the risks associated with projects to private entities, albeit for a negotiated price.

This risk transfer allows private entities to explore opportunities while acknowledg-

ing and managing potential risks. Secondly, governments are motivated to minimize

their involvement by outsourcing non-core activities, aligning with their objective of

streamlining government operations and delegating tasks to the private sector (Pârvu

and Voicu-Olteanu, 2009). Additionally, the potential for multiple uses of facilities

represents another advantage of PPPs, enabling the private sector to explore versatile
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applications that the state may not fully exploit due to a lack of competition in the

market. This multi-purpose utilization adds to the appeal of PPP projects. Moreover,

the consistent cash flow provided by PPP arrangements is an important consideration

for governments. Rather than dealing with major one-time investments, PPPs offer

a stable and predictable flow of funds, alleviating budgetary challenges and enabling

better financial planning. Lastly, the prompt execution of projects once contracts are

signed stands as a compelling factor, as PPPs often result in faster implementation,

allowing governments to accelerate the realization of critical initiatives. These mo-

tivations drive both the government and private sector to embrace PPPs as effective

and efficient approach to delivering public services and infrastructure projects (Pârvu

and Voicu-Olteanu,2009).

Alongside the advantages, there are several potential risks associated with PPP projects

that require careful consideration. Firstly, the development, bidding, and ongoing

costs in PPP projects are likely to be greater than traditional government procure-

ment processes, prompting the government to assess whether the increased costs are

justified. PPP units around the world have developed methods to analyze costs and

evaluate Value for Money. Secondly, there is a cost attached to debt, and finance

availability depends on the project company’s expected return on investment through

operating cash flows. The cost of debt financing may be borne by customers or the

government through subsidies. Moreover, some projects may be easier to finance than

others based on factors like proven technology and the extent of the private sector’s

obligations and liabilities. Projects generating revenue in local currency may face

different financing constraints compared to those in international currencies. Ad-

ditionally, certain projects may encounter political or social challenges during im-

plementation, particularly when transferring public sector workers or necessitating

significant tariff increases. Furthermore, private firms and their lenders will be cau-

tious about accepting major risks beyond their control, such as exchange rate risks

or risks associated with existing assets. Clear and detailed reporting requirements on

the private operator are vital to mitigate the potential imbalance of expertise and data.

A well-defined legal and regulatory framework is crucial for a sustainable solution.

Given the long-term nature and complexity of PPP projects, it may be challenging to

anticipate all possible contingencies during project development, and renegotiations
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may be required to accommodate unforeseen events or issues. It is also possible that

some projects may fail or be terminated prematurely due to various reasons, such as

changes in government policy, failure to perform obligations by either party or exter-

nal circumstances like force majeure. While the PPP agreement may address some

of these issues, others may need to be managed during the project’s course (World

Bank, 2022).

The scope of this thesis focuses on analyzing the risks faced by contractors in PPP

projects and their impact on project profitability. The study aims to explore and as-

sess the various risk factors that contractors encounter throughout the lifecycle of PPP

hospital projects in Turkey. By identifying and understanding these risks, the thesis

aims to provide valuable insights into the challenges contractors face and their poten-

tial implications on project profitability. This understanding will enable stakeholders

to proactively develop effective risk management strategies and optimize project out-

comes.

1.2 Overview of the PPP Models

There are differences in the use of the PPP model around the world, depending on the

purpose and scope of the projects. For instance, it can be easily said that although the

main logic of the PPP is similar, the system of PPP implemented in the UK might have

differences with Turkey. However, general PPP contract types that are used in projects

are BOT (Build-Operate-Transfer), BOO (Build-Own-Operate) BOOT (Build-Own-

Operate-Transfer), DBF (Design-Build-Finance), and DBFO (Design-Build-Finance-

Operate).

In a PPP project, the private sector partner is often responsible for the construction,

operation, and ownership of the asset. The government or public partner, on the other

hand, typically pays the private sector partner for their services. BOT model involves

the private partner undertaking construction and subsequent operation while eventu-

ally transferring ownership to the public sector. Similarly, in the BOO model, the pri-

vate partner handles the construction, ownership, and operation of the facility. BOOT

model is akin to BOT, except the private partner retains ownership throughout the
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contract. In DBF, the private partner constructs the project while the public sector as-

sumes ownership and operation responsibilities. On the other hand, the DBFO model

combines private construction with public ownership and private operation. The pay-

ment for these projects typically comes from the public partner or users of the facility,

depending on the specific contract terms. Each contract type offers different risk and

return profiles, allowing parties to tailor agreements to the unique characteristics of

the project and its financial needs (World Bank, 2022). Table 1.1 provides a concise

overview of the different public-private partnership contract types.

Table 1.1: Overview of Different Types of Public-Private Partnership (PPP)

Contracts

The "Construction" column in Table 1.1 indicates whether the private or public part-

ner is responsible for the construction phase of the project. The "Ownership" column

specifies whether the private partner retains ownership during the contract or trans-

fers it to the public sector. In the "Operation and Maintenance" column, it is indicated

which party is responsible for operating and maintaining the facility. The "Payment"

column denotes who pays for the project, either the public partner or the users of the
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facility, depending on the contract terms.

1.3 Risk and Risk Management in PPP Projects

Risk refers to the probability of an event occurring within a specific timeframe. It

encompasses various measures of the likelihood of unfavorable outcomes and is re-

lated to the concept of probability (Feinleib, 2001). According to Montesano (1990),

the concept of risk entails a combination of uncertainty and potential loss or damage.

Therefore, assessing and managing risks is one of the main imperatives in various

fields, including finance, health, and project management, to make informed deci-

sions, mitigate potential adverse outcomes, and optimize overall performance. Risk

assessment involves qualitatively or quantitatively estimating the likelihood of ad-

verse effects resulting from exposure to specific health hazards or the absence of

beneficial influences. The risk assessment process includes four key steps: hazard

identification, risk characterization, exposure assessment, and risk estimation (Fein-

leib, 2001). On the other hand, Dikmen et al. (2008) emphasized that risk identi-

fication, which involves defining sources of uncertainty, is just the starting point of

the risk management process. Risk management (RM) as a comprehensive process

that encompasses several key steps. It involves identifying sources of uncertainty,

analyzing the potential consequences of uncertain events or conditions, formulating

response strategies based on expected outcomes, and continuously repeating the pro-

cess throughout the project’s life cycle. The primary objective of risk management is

to ensure the achievement of project goals by proactively addressing and adapting to

emerging risks and actual outcomes (Dikmen et al., 2008). According to Marques and

Berg (2011), the allocation of risks among parties in a PPP contract is considered a

significant and complex challenge. Improper risk allocation is identified as a primary

factor leading to the failure of PPP projects. Moreover, Badran (2013) highlights

that the extended duration of PPP projects, spanning 20 to 40 years or more, intro-

duces challenges due to the reliance on long-term assumptions and forecasts. In such

projects, making accurate predictions for extended periods becomes challenging, es-

pecially amidst unstable economic, technological, and political conditions, as well as

uncertain supply and demand forecasts. Consequently, risk management is a critical
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component of PPP projects, providing a systematic approach to identify, assess, and

manage potential risks. By comprehensively evaluating risks, project stakeholders

can make informed decisions, optimize risk allocation, and develop robust risk man-

agement strategies. This proactive approach enhances the likelihood of successful

outcomes, ensures the sustainability of PPP projects, and fosters long-term partner-

ships between the public and private sectors.

1.4 PPP Hospital Projects Worldwide and in Turkey

The concept of PPP has a rich history that dates back several decades, showcasing

its evolution as a collaborative model for delivering public infrastructure and ser-

vices. In fact, the history of private sector investments in public projects goes back

to 18th-century Europe. The “Paris Drinking Water Project,” which was made in the

same century, and the Suez Canal and Trans-Siberian Railway that was conducted

in the 19th century are projects that can be shown as an example to the PPP model

under the privileged contracts granted to the private sector by the government (Ku-

maraswamy and Morris, 2002). The term ’public-private partnership’ originated in

the United States. Initially, the term was used in relation to the financing of edu-

cational programs in partnership with the public and private sectors. The extensive

use of the model in the USA has emerged with the urban renewal projects that have

become widespread, especially after the 1960s. In the UK, this type of partnership

was first implemented in 1992 to bring private finance into the provision of pub-

lic infrastructure under the name of the Private Finance Initiative (PFI) (Yescombe,

2007). In Turkey, PPP projects became widespread with the "Law on Realization of

Certain Investments and Services through BOT Model" enacted in 1994 and success-

fully implemented in many different sectors from highways to airports, from marinas

to customs gates. With the additional Article 7 introduced to the Health Services

Fundamental Law numbered 3359 through Law No. 5396 dated July 3, 2005, the

Build-Rent model was regulated in the field of hospitals and health campuses, aiming

to become one of Turkey’s most comprehensive PPP applications. The Build-Rent

model is an adapted version of the PFI model applied in the United Kingdom, which

is based on payments made by the government, not the users (Ministry of Develop-
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ment of the Republic of Turkey, 2018). The yearly distribution of the total number of

infrastructural PPP projects and total investment for the world as a whole since 1990

is shown in Figure 1.1. As it is seen, after the maximum total investment (155,583 M

USD) was reached in 2012, a gradual decrease has been observed until now.

Figure 1.1: The Yearly Distribution of the Total Number of Infrastructural PPP

Projects and Total Investment for the World. Source: The World Bank PPI Database

According to data from Ministry of Development of the Republic of Turkey (2018),

a total of 225 PPP projects have been implemented in Turkey from 1986 to the end

of 2017. Among these, 191 projects have transitioned to the operational phase, while

34 projects are currently in the construction phase. The implementation agreements

for all of these PPP projects have been successfully signed. Furthermore, in the year

2017, 10 new PPP projects were added to the list of projects with their respective

implementation agreements concluded.
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Figure 1.2: The Distribution of the Number of PPP Projects in Turkey between 1986

and 2017. Source: Ministry of Development of the Republic of Turkey, 2018

The Ministry of Development also mentioned that the collective investment value of

these projects reached around 61.7 billion US dollars by the year 2017. Moreover, in

2017, the total worth of PPP investments with confirmed implementation agreements

was approximately 4.5 billion US dollars.

Figure 1.3: The Distribution of the Total Investment of PPP Projects in Turkey be-

tween 1986 and 2017(Million US Dollars). Source: Ministry of Development of the

Republic of Turkey, 2018
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1.5 Mechanisms of PPP Hospital Projects in Turkey

In this section, the Structural Mechanism and the Payment Mechanism employed

in PPP hospital projects in Turkey are explored. Comprehensive explanation about

mechanism is represented based on insights from experts and relevant literature.

1.5.1 Structural Mechanism of PPP Hospital Projects in Turkey

In the 2010s, there were certain problems in the Turkish health system. The number

of hospitals and the number of beds were far below what was required. As seen in

Figure 1.4, according to the OECD data, the number of beds per 1000 inhabitants in

Turkey was behind most European countries. Along with the developing economy

at that time, it was planned to direct some of the investments to the health sector.

Considering the developments and the increasing population, it has been aimed to

use the most efficient system that will be beneficial to the government while enabling

the health sector to provide services to a large number of people. Because of these,

the government has decided to use the PPP model (Arslan, 2019).

Figure 1.4: The Number of Beds per 1000 Inhabitant in 2009. Source: https://data.

oecd.org/healtheqt/hospital-beds.htm

10

https://data.oecd.org/healtheqt/hospital-beds.htm
https://data.oecd.org/healtheqt/hospital-beds.htm


The foundation of the PPP model in Turkey finds its most crucial source of inspira-

tion in England. The UK’s successful implementation of PPP policies has led Turkey

to consider it a role model for its own PPP endeavors (International PPP Platform

Turkey, 2012). In the 1990s, the UK government recognized the need for health sys-

tem reform and emphasized the inadequacy of century-old hospitals for establishing a

modern health system for the 21st century. Consequently, the government launched a

10-year reform program with a focus on modern hospital buildings. This program led

to the exploration of various financial models to fund hospital construction (Barlow

and Köberle-Gaiser, 2008).

In Turkey, the Ministry of Health (MoH) holds the authority for conducting PPP ten-

ders. During the tender stage, qualified sponsors or investors participate in the bid-

ding process. Upon awarding the tender, the selected sponsor or investor establishes

a Special Purpose Vehicle (SPV), a business entity created solely for the realiza-

tion and subsequent operation of the project. SPVs are established by investors for

tax and financing advantages, especially for obtaining loans required for the project.

This ensures that the SPV becomes the borrower in the loan agreement with lenders,

minimizing potential negative impacts on the investor company. The SPV then signs

a project agreement with the MoH. Financing the project is a key responsibility of

the SPV, and since healthcare projects demand substantial investments, SPVs usually

secure loans from lenders. While the equity sharing conditions may vary, SPVs are

generally expected to provide at least 20-25% of the project’s equity, with the re-

maining 75-80% funded through loans. The agreement involves not only the MoH

and SPV but also direct involvement from lenders. The agreement highlights that the

SPV is not responsible for medical consumables and operations, as these services fall

under the MoH’s purview. The main responsibilities of the SPV encompass financ-

ing, infrastructure design, construction, operation, and maintenance of the project,

along with providing necessary medical equipment, furniture, and support services.

after the completion of all signs, SPV can subcontract the Engineering, Procurement

and Construction (EPC) works and Operation and Maintenance (O&M) works or they

can conduct by themselves. The MoH, on the other hand, is responsible for providing

possession and access to the site and necessary land for the SPV, along with relevant

urban planning and geological data (Arslan, 2019).The representative mechanisms
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prepared by Arslan (2019) for PPP model in healthcare system for Turkey is shown

in Figure 1.5.

Figure 1.5: The PPP Mechanism For Healthcare System in Turkey (Arslan, 2019)

1.5.2 Payment Mechanism of PPP Hospital Projects in Turkey

Moving forward, one may wonder about the extent and nature of the MoH’s finan-

cial involvement in the PPP healthcare projects. To illustrate the revenue stream of

the Turkish PPP healthcare system, Figure 1.6 summarizes the payment structure and

types. The MoH is responsible for making payments to the SPV, which consists

of Availability Payments (AP) and Service Payments (SP). The AP represents lease

payments for the initial investment, encompassing design, construction phases, and

medical equipment. These payments are typically made in quarterly installments and

commence after the construction phase is completed, upon the owner’s acceptance of

the work. On the other hand, SP covers the fees for mandatory or optional services

provided by the SPV and is usually paid on a monthly basis after the relevant services

are rendered. The SP can be categorized into two types: Volume-Based Services and

Non-Volume Services. While Non-Volume Services are independent of factors such

as hospital occupancy rates or consumption, Volume-Based Services are influenced

by these factors. The latter category is further divided into Volume Support Services

and Volume Medical Support Services. Additionally, Figure 1.6 includes a section
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denoting Commercial Revenues, which should be noted as it does not involve pay-

ments from the MoH. These revenues are generated from commercial facilities within

the hospital campus, such as canteens and restaurants. Besides the revenues, there are

also terms called Unavailability and Service Deductions. These are applied to avail-

ability and service-based payments when Utilization Failures occur. Contracts should

clearly define "available" and "unavailable" with objective and measurable criteria.

The Deductions should be reasonable, based on the health campus size and interna-

tional standards. Utilization Failures lead to deductions if not corrected within the re-

quired time (Arslan, 2019). For deductions, there are exceptions during the Learning

Curve Period. The Learning Curve Period, lasting for six months from each Phase’s

Actual Completion Date, is a specific timeframe addressed in the contract. During

this period, no deductions or revisions will be applied to the payments, as mentioned

below. Nevertheless, all the necessary calculations will be carried out as if deductions

were to be made, and the Project Company will be informed accordingly. Below, an

in-depth exploration will be undertaken of how availability payments and service pay-

ments are determined, as defined by Turkish law. Understanding these calculations is

deemed essential for comprehending the financial dynamics that govern PPP hospital

projects and their implications on both the public and private sectors involved. The

formula for the calculation of the AP is as follows:

(1.1)

In this formula:

• “APD” represents the Availability Payment to be calculated on the calculation

date and paid on the payment date for the relevant period.

• “AP0” refers to the original AP specified in the contract.

• “CPI(D−1)” represents the Consumer Prices Index (CPI) announced by the

Turkish Institute of Statistics for the last month of the quarter preceding the

calculation date.
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• “CPI0” denotes the CPI announced by the Turkish Institute of Statistics for the

last month preceding the month in which the final bid date occurred.

• “PPI(d−1)” refers to the Local Producer Prices Index (PPI) announced by the

Turkish Institute of Statistics for the last month of the quarter preceding the

calculation date.

• “PPI0” indicates the Local PPI announced by the Turkish Institute of Statistics

for the last month preceding the month in which the final bid date occurred.

• “%Deductions” represent the ratio to be deducted due to Utilization Failures

that may have occurred in the entire Health Facility or a part thereof, which

hindered the use of the relevant section(s).

• ’g’ denotes the number of operation days in the relevant period.

• “%a” signifies the percentage of the delivered phase to the entire Works, as

indicated in determined schedule.

• “CC” stands for the Corrective Coefficient which depends on coefficient of

the index for increases in exchange rates and coefficient of the inflation index

increase.

The SPs are calculated based on the following formula, considering that these pay-

ments are categorized into two parts: (i) Non-Volume Services and (ii) Volume Ser-

vices:

SPT = SPNV + SPV CS + SPV S (1.2)

Where:

• "SPT " represents the monthly total of Service Payments

• "SPNV " represents the monthly total of Service Payments for Non-Volume Ser-

vices for the relevant period, calculated as:

14



SPNV =
∑n

i=1

(
g × 12

365
× ci ×

((CPI(d−1)+PPI(d−1))/2)

((CPI0+PPI0)/2)
× (1−%Deductions)

)
(1.3)

• "SPV CS" represents the monthly total of Service Payments for Variable Charge

Services for the relevant period, calculated as:

SPV CS =
∑n

i=1 [(ki × pi) + (ki × (1 + yi)× zi)]× (1−%Deductions)

(1.4)

• "SPV S" represents the monthly total of Service Payments for Volume Support

Services for the relevant period, calculated as:

SPV S =
∑n

i=1 (wi × vi × xi)× (1−%Deductions) (1.5)

• In the formulas:

– “i” refers to each of the Services stated in the agreement (i = 1, 2, . . . , n).

– “n” is the number of Services set out in the agreement.

– “c” denotes the amount of Monthly Service Payment for each Non-Volume

Service as specified in the agreement.

– “g” is the number of days in the relevant period.

– “p” represents the transaction points applicable for each Volume Clinical

Support Service according to the Social Security Organization Implemen-

tation Communiqué.

– “k” represents the Unit Price per point applicable for each Volume Clini-

cal Support Service as per the Social Security Organization Implementa-

tion Communiqué.

– “f” denotes the unit price for each Volume Support Service as specified

in the agreement.

– “m” represents the estimated monthly quantity of utilization/consumption

for each Volume Support Service as specified in the agreement.
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– “y” represents the percentage of price change applicable to f or k in case

an additional volume is needed for each Volume Support Service or Vol-

ume Clinical Support Service, as specified in the agreement.

– “z” denotes the additional quantity of utilization in respect of m or p if an

additional volume is required for each Volume Support Service or Volume

Clinical Support Service, as specified in the agreement.

– "CPI(d−1)" represents the CPI announced by the Turkish Institute of Statis-

tics for the last month of the year preceding the date of calculation.

– “CPI0” represents the CPI announced by the Turkish Institute of Statis-

tics for the last month preceding the month in which the Final Bid Date

occurred or, if market testing was conducted, then the CPI for the last

month prior to the month of market testing.

– “PPI(d−1)” denotes the Local PPI announced by the Turkish Institute of

Statistics for the last month of the quarter preceding the calculation date.

– “PPI0” denotes the Local PPI announced by the Turkish Institute of

Statistics for the month preceding the month in which the Final Bid Date

occurred or, if market testing was conducted, then the Producer Prices

Index for the month prior to the month of market testing.

– “%Deductions” represents the ratio to be deducted in case of Service Fail-

ure.

Understanding this financial framework is vital for a comprehensive analysis of PPP

healthcare projects in Turkey.
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Figure 1.6: The General Payment Mechanisms for PPP Healthcare System in Turkey

1.6 Research Scope and Objectives

The primary focus of this thesis is to delve into the realm of PPP hospital projects and

comprehensively examine the associated risks that have the potential to impact the

profitability of contractors. PPPs in the healthcare sector have emerged as a promi-

nent model to address the growing demand for modern and efficient healthcare infras-

tructure. However, due to their complex and long-term nature, PPP hospital projects

entail inherent risks that need careful consideration to ensure their successful execu-

tion and sustainability.

The existing body of literature on Public-Private Partnership (PPP) projects, espe-

cially in the context of healthcare infrastructure, primarily focuses on the financial

and operational aspects, with less emphasis on comprehensive risk assessment mod-

els. While there are valuable studies that discuss the challenges faced by governments

in implementing PPPs, there is a noticeable gap when it comes to addressing the risks

associated with the profitability of contractors in PPP hospital projects. This gap is

particularly significant in the Turkish context, where PPPs in healthcare are gaining

momentum.

The research aims to identify and define the diverse risks encountered throughout the
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lifecycle of PPP hospital projects. These risks encompass various adverse events,

uncertainties, and challenges that may influence the financial performance and oper-

ational efficiency of contractors involved in such ventures. By thoroughly analyzing

and understanding these risks, the thesis seeks to provide valuable insights into the

challenges contractors face and their potential implications on project profitability.

Moreover, the research aims to develop a Bayesian Belief Network (BBN) model for

risk assessment of contractor profitability in PPP Hospital Projects, enhancing our

ability to visualize and quantify the complex interactions among various factors that

influence the financial success of such projects. BBN’s capacity to handle uncertainty

and conditional probabilities allows for a comprehensive examination of risk factors

that may not be adequately addressed by traditional models.

By accomplishing these objectives, the thesis aspires to contribute to the existing

body of knowledge on PPP hospital projects and enhance the understanding of ef-

fective risk management practices. Ultimately, the findings of this research endeavor

can aid stakeholders in the healthcare sector to proactively develop strategies to opti-

mize project outcomes and ensure the sustainable delivery of high-quality healthcare

services in PPP hospital projects.
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CHAPTER 2

LITERATURE REVIEW ON RISKS AND RISK ASSESMENT IN PPP

HOSPITAL PROJECTS

2.1 Risks in PPP Projects

PPP projects have become increasingly popular in recent times due to their potential

to increase efficiency and reduce costs in public infrastructure projects. RM which

involves managing financial risk, political risk, and contractual risk has been one of

the primary research priorities for PPP projects in recent years, according to the stud-

ies (Cheung and Chan, 2011). Considering risk management, one of the key features

of PPP projects is the transfer of risks from the public sector to the private sector.

According to the majority opinion, PPP projects provide a chance to enable local

and federal governments to transfer a remarkable number of risks in development

projects to the private sector (Bracey and Moldovan, 2006). It should be noted that

compared to the traditional project types, the variables in PPP projects are more prone

to risk. Cheung and Chan (2011) stated that the complexity of PPP projects makes

them riskier than traditionally procured projects. Therefore, the private sector has

started looking for ways to manage risk. The transfer of risk allows the private sector

to manage risks more efficiently and innovatively. By transferring risks, the private

sector has an incentive to manage risks as efficiently as possible in order to control

costs. This is because the companies are considering that they will bear the financial

consequences of any risks that materialize. As a result, the private sector is motivated

to find innovative solutions to manage risks and minimize their impact (Bracey and

Moldovan, 2006). There are various sources of risks that should be considered. Al-

though the PPP Projects seem advantageous for both public and private sectors on

paper, the bankruptcy of mostly private sector firms is inevitable in case various risks
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and uncertainties are not handled carefully (Xu et al., 2010). Hardcastle et al. (2002)

mentioned that the government and private sector collaborate through partnerships

to provide the same services with a focus on multiple aims. Prior to delivery, it is

critical for private sector companies to fully understand the risks associated with PPP

projects, regardless of who will manage them in the future.

2.2 Previous Work on Risk Assessment Methods

At present, risk assessment is one of the significant topics for private parties in PPP

projects. One of the main reasons for the failure of PPP projects was considered

as the lack of comprehensive risk assessment and management (J. Li and Zou, 2011).

Therefore, many research studies have been carried out in PPP project risk assessment

recently. In the study of Xu et al. (2010), a fuzzy synthetic assessment model was

enhanced to evaluate the risk level of a certain critical risk group and the overall risk

levels related to PPP projects in China. The results indicated that political risk is the

most significant risk that should be handled to reach success in PPP highway projects.

The fuzzy analytical hierarchy process (AHP) was conducted by J. Li and Zou (2011)

in the research for risk assessment of the PPP expressway project in China. It was

mentioned that the use of a fuzzy AHP is motivated by the fact that human judgment

is often imprecise and subject to biases, which can affect the accuracy of risk assess-

ments. Therefore, by introducing a fuzzy logic-based approach, the proposed method

is able to model the imprecision and uncertainty inherent in human judgment, which

can lead to more accurate risk assessments. According to the results, fuzzy AHP is a

good fit for the evaluation of the PPP project’s risk variables and rankings. (J. Li and

Zou, 2011). In another study, Y. Li and Wang (2019) used two different assessment

methods for PPP projects which are fuzzy analytic network process (F-ANP) and

interpretive structural modeling (ISM). The aim behind the implementation of these

methods is to eliminate inaccuracies in data. Liu et al. (2021) examined the Bayesian

network model-based technique for evaluating risks, which is defined in terms of the

likelihood that a risk will occur, the rationale for a risk assessment, and the sensitivity

to risk in Urban Rail Transit PPP Project Construction. ANP was also used in the

study of Akcay (2021) for the risk assessment of PPP hydropower investments.Wu et

20



al. (2017) developed risk model based on fuzzy synthetic evaluation method for PPP

straw-based power generation projects in China. For the purpose of defining shared

risks in PPP projects, Valipour et al. (2016) created a hybrid fuzzy technique with the

Cybernetic ANP model.

Previous studies have highlighted that there are different techniques that developed

to assess risks in PPP projects. As stated, the risk assessment for PPP Projects is of

great importance since there are various sources of risks that affecting the resources

of private and public enterprises which are limited resources. Therefore, effective

resource development is crucial in the successful implementation of PPP projects. In

this study, Bayesian Belief Network (BBN) model is developed for contractor prof-

itability risk assessment of PPP Hospital Projects in Turkey. There are several reasons

for developing the BBN model for risk assessment. The way handling the uncertainty

of probabilistic relationships, the way supporting decision makers, comprehensive

visualization of relationships between risk factors and ability to elicit and integrate

expert knowledge are some of the main reasons for selecting the BBN model in this

study.

2.3 Bayesian Belief Networks

As contrast to rule-based systems that describe the expert, belief networks are graph-

ical models that accurately represent the knowledge domain. This model ensures that

hypotheses could be generated from preexisting knowledge by conveying probabilis-

tic information from the data to alternative hypotheses (Suermondt 1992). The rela-

tionships and dependencies within the knowledge domain are modeled using Bayesian

probability in graphical models called Bayesian Belief Networks (BBN) (Jensen 1996).

In other words, BBN is a type of probabilistic graphical model that can be used to rep-

resent uncertain knowledge. With the help of the observed data, they are utilized to

establish or understand the marginal probability distributions for the relevant vari-

ables (Suermondt 1992). As Suermondt (1992) stated that It should be noted that

BBN does not comprise any judgement and decision that reflects the preferred selec-

tion of users. On the contrary, BBN ensures probability distributions that provide sig-

nificant analysis chance for users’ decision-making process (Suermondt 1992). Even
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in the absence of any evidence, data or observations, Bayesian belief networks’ causal

links enable users to a chance for interpretation the association between variables or

factors through predictions (Krieg, 2002). As pointed out by Heckerman in 1996, by

combining prior knowledge with data in a principled way, BBN can provide more

accurate predictions and help users to make better decisions. The system of BBN is

explained below:

• There are two main parts of BBN which are Directed Acyclic Graph and Con-

ditional Probabilities. Below, these parts will be explained and then the mathe-

matical background of BBN will be shown with an example statement.

2.3.1 Directed Acyclic Graph

Directed Acyclic Graph is type of graph that has specific direction of flow and

contains no cycle. In the Bayesian networks, there are nodes and edges. Nodes

represent the variables or factors with different states. Each node in a Bayesian

network contains quantitative probabilistic information connected to it. Edge

are the representation of connection between nodes (V.Jaitha, 2017). Example

of Bayesian networks is shown in Figure 2.1. As seen in the Figure, the edge

going from node F to node E in a graphical model represents a conditional

relationship between two variables, where the occurrence of E depends on the

occurrence of F, and the probability of E changes based on the value of F. While

Y and E considered as Child node, F is Parent node (V.Jaitha, 2017).
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Figure 2.1: Example of Bayesian Network

2.3.2 Conditional Probabilities

After defining the structure of model, quantification of connections between

the parent and child nodes needs to be handled. Therefore, each node is given

a conditional probability distribution. With the given distributions, conditional

probability tables (CPT) are taken form. In order to establish CPT, we must

first examine all possible combinations of values for the parent nodes. Each

of these combinations is referred to as an instantiation of the parent set. Once

we have identified all distinct instantiations of the parent set, we can begin to

specify the probabilities of the child node taking on each of its possible values

for each instantiation of the parent set. This allows us to model the conditional

probabilities of the child node given the values of its parent nodes.

2.3.3 Example of BN Modeling and Calculations of Conditional Proba-

bilities

This example involves a graphical model that consists of four binary nodes,

namely, “Cloudy”, “Sprinkler”, “Rain” and “Wet Grass”. The arcs between the

nodes suggest that the occurrence of Wet Grass can be attributed to two possible

sources, i.e., the use of Sprinkler or the presence of Rain. Additionally, we can

infer that Cloudy may have an impact on the use of Sprinkler and also plays a

role in determining the probability of Rain. In addition to that, the states and
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probabilities of nodes are represented on Figure 2.2 (Zhang and Thai, 2016).

Figure 2.2: BBN Representation of Metastatic Cancer (Zhang and Thai, 2016)

The probability of sprinkler consists of two states P(S=1) denoting the positive

state whereas P(S=0) denotes the negative state. According to this notation

probability that the sprinkler is opened P(S) can be calculated as;

P (C = 1)× P (S|C = 1) + P (C = 0)× P (S|C = 0)

= 0.30
(2.1)

The probability that the grass is wet (P(W)=1) can be calculated as follows:

P (W = 1) =
1∑

c=0

1∑
r=0

1∑
s=0

P (W = 1 | S = s, R = r)

· P (S = s | C = c) · P (R = r | C = c) · P (C = c)

(2.2)
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= P (W = 1 | S = 1, R = 1) · P (S = 1 | C = 1) · P (R = 1 | C = 1) · P (C = 1)

+ P (W = 1 | S = 1, R = 0) · P (S = 1 | C = 1) · P (R = 0 | C = 1) · P (C = 1)

+ P (W = 1 | S = 0, R = 1) · P (S = 0 | C = 1) · P (R = 1 | C = 1) · P (C = 1)

+ P (W = 1 | S = 0, R = 0) · P (S = 0 | C = 1) · P (R = 0 | C = 1) · P (C = 1)

+ P (W = 1 | S = 1, R = 1) · P (S = 1 | C = 0) · P (R = 1 | C = 0) · P (C = 0)

+ P (W = 1 | S = 1, R = 0) · P (S = 1 | C = 0) · P (R = 0 | C = 0) · P (C = 0)

+ P (W = 1 | S = 0, R = 1) · P (S = 0 | C = 0) · P (R = 1 | C = 0) · P (C = 0)

+ P (W = 1 | S = 0, R = 0) · P (S = 0 | C = 0) · P (R = 0 | C = 0) · P (C = 0)

= 0.6471

The probability that the grass is wet when the weather is cloudy (P(W=1/C=1)) can

be calculated as follows.

P (W = 1) =
∑1

r=0

∑1
s=0 P (W = 1 | S = s, R = r) · P (S = s | C = 1) · P (R = r | C = 1)

(2.3)

= P (W = 1 | S = 1, R = 1) · P (S = 1 | C = 1) · P (R = 1 | C = 1)

+ P (W = 1 | S = 1, R = 0) · P (S = 1 | C = 1) · P (R = 0 | C = 1)

+ P (W = 1 | S = 0, R = 1) · P (S = 0 | C = 1) · P (R = 1 | C = 1)

+ P (W = 1 | S = 0, R = 0) · P (S = 0 | C = 1) · P (R = 0 | C = 1)

= 0.7452

2.3.4 Lifecycle of Bayesian Belief Network

In Figure 2.3, a visual representation of the lifecycle of BBN is provided. The blocks

in the figure represent different stages, the diamonds denote decisions, and the arrows

indicate the next action to perform. There are four main stages involved in the life

cycle of a Bayesian belief network, which are as follows: Definition of the domain

variables, “Determination of a network structure”,” Determination of the assessment

functions” and “Usage in a knowledge based-system”. (Bouckaert, 1995). As Bouck-

aert (1995) stated, it is important to ensure that each stage is performed satisfactorily

before moving on to the next one. This is achieved through a series of evaluations
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that take place after every stage. If it is found that the results are not sufficient, one of

the previous stages must be revisited and passed through once again.

Figure 2.3: Lifecycle of BBN (Bouckaert,1995)

2.4 Risk Factors Derived from Literature Research

As mentioned in the lifecycle of the BBN, domain variables should be defined first.

Understanding the complex dynamics of the PPP initiatives, especially in the context

of hospital development, depends heavily on identifying and analyzing risk factors. In

this chapter, the extensive body of literature on PPP projects and hospitals is searched

to extract relevant risk factors that have been widely acknowledged and documented.
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The process of literature review included a thorough analysis of scholarly works,

research papers, industry reports, and other reliable sources. By conducting this thor-

ough assessment, it is aimed to learn more about the complex risks involved with

PPP hospital projects from industry experts and practitioners. Through a systematic

review of the literature, a comprehensive set of risk factors that are frequently linked

to PPP hospital projects has been identified. These risk variables include a wide range

of topics, including socio-political, economical, and legal issues. These factors also

lay the groundwork for the subsequent chapters, where the application of the BBN

model is explored and delved into further risk assessment. Hardcastle (2002) con-

ducted a comprehensive analysis of risk factors associated with PPP projects. Their

study identified a wide range of risks at different levels, including principal risks re-

lated to political, economic, legal, social, natural, and industrial factors, as well as

individual risks spanning demand, planning, design, construction, technical, opera-

tion, relationship, and third-party aspects. These risks encompassed various elements

such as government stability, economic performance, inflation, interest rates, legisla-

tion changes, construction delays, design deficiencies, financial costs, and staff crises,

among others (Li et al, 2002). In the study of Demiral et al. (2022), they go through

a number of risk elements connected to infrastructure projects. Market risk, polit-

ical and regulatory risk, operational and construction risk, financial risk, legal and

contractual risk, environmental and social risk, technology and innovation risk, and

force majeure risk are a few of these variables. Market risk is concerned with shift-

ing market circumstances and economic variables. Potential changes in governmental

policies and laws are a political and regulatory risk. Challenges that arise throughout

the building and operation phases are referred to as construction and operational risk.

Cash flow, debt obligations, and credit hazards are all types of financial risk. Contrac-

tual and legal risk includes legal disputes and violations. The focus of environmental

and social risk is on community opposition and compliance. Risk associated with

technology and innovation is related to technological viability and flexibility. Force

majeure risk pertains to unexpected events such as natural disasters and political un-

rest (Demirel et al., 2021). The risk factors related to PPP and PFI projects in the UK

construction industry were also investigated by Li et al. (2002). The investigation

uncovered a number of significant risk variables that may have an impact on these

projects’ performance. Political risks, regulatory uncertainty, shifts in the economic
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climate, construction risks, financial risks, and operational risks were some of these

risk factors. Political risks contained alterations in governmental policy, political un-

rest, and public opinion. Concerns with negotiating intricate legal and regulatory

systems were referred to as regulatory uncertainty (Hardcastle et al., 2002).The re-

search conducted by Oyedele (2013) analyzed various risk factors that were related

with payment deductions in PFI projects. These risk variables included contract non-

compliance, performance and quality issues, project completion delays, financial in-

stability, and poor risk management (Oyedele, 2013). In another study, the risk matrix

for investments in public and private infrastructure by Lewis (2001) was divided into

several dimensions based on the risk variables that were studied. Site risks, construc-

tion risks, operating risks, revenue risks, financial risks, and regulatory/political risks

were all considered in the research. Cost overruns and completion delays were all in-

cluded in the category of construction risks. Operating risks included overruns in op-

erating costs, operational delays, and poor service quality. Revenue risks were taken

into account when calculating factors such input price increases, tax or tariff changes,

and output demand. Interest rates, inflation, and force majeure risk were all exam-

ples of financial dangers. Regulatory and political concerns included the possibility

of legislative changes, political interference, expropriation, and a refusal to renew

approvals (Lewis, 2001). Rasheed et al.’s study in 2022 looked at a number of risk

factors associated with PPP projects. The risk factors were divided into different risk

groups and included risks like interest rate changes, political interference, financial

constraints, force majeure, expropriation, asset risk, public opinion, communication

risk, construction delay, approval issues, weather conditions, tax changes, corruption,

environmental factors, inflation, construction cost overrun, legal issues, vagueness

in design, unstable governments, and a lack of government support (Rasheed et al.,

2022). Moreover, Chen et al. (2020) stated the following risk factors that have sig-

nificant impact on PPP projects: policy of government, public opinion, capacity of

finance, contractor management, economic environment, operational capability, risk

management, performance ability, supervision mechanism, project complexity, ex-

perience in PPPs, and return mechanism (Chen et al., 2020). As stated above, risk

factors in PPP Projects have been playing a leading role in many studies for a long

time. It can be said that a number of factors were addressed in each of the studies;

however, when a general evaluation is made, it is seen that the main factors affecting
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the contractor’s profitability in PPP projects are certain. The following risk reference

table was created considering the studies above.
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CHAPTER 3

RESEARCH DESIGN AND METHODOLOGY

3.1 Research Design

As mentioned previously, researchers have used many different methods for risk anal-

ysis in PPP Projects. For PPP Hospital projects, most of the methods are based on

a risk scoring system and they do not consider the causalities between risk factors.

As mentioned in Chapter 2, Bayesian belief networks’ causal links enable users to a

chance for interpretation of the association between variables or factors through pre-

dictions (Krieg, 2002). By combining prior knowledge with data in a principled way,

BBN can provide more accurate predictions and help users to make better decisions

(Heckerman,1996). In this section, a research design is created to show how the pre-

viously stated research problems are intended to be solved before moving on with the

research methodology. The research design flowchart suggested by Balta (2019) is

used as a main resource for the research design.
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Figure 3.1: The Research Design

As seen in Figure 3.1, the proposed approach involves the implementation of a se-

quential method. This method will consist of successive stages of data collection and

analysis. The purpose of these stages is to gain a better understanding of the prob-

lems associated with risk assessment practices in PPP Hospital projects. In order to

achieve this, a comprehensive review of PPP Projects risk assessment methods from

existing literature has been conducted. By examining the existing literature and dis-

cussing it with the experts, it is aimed at gaining valuable insights into the current

practices and identifying areas for improvement. Details of the processes are as fol-

lows. Firstly, the researcher will identify a group of risk factors based on the results

of extensive literature research. Then, another group of risk factors will be listed after

the interviews with the experts. After the interviews, all lists of risk factors will be

merged into a list by the researcher. The researcher and Experts will conduct another

session to finalize the list of risk factors. Expert opinions will be sought to validate

and refine the initial set of risk factors. The feedback and insights provided by ex-

perts will help ensure the comprehensiveness and accuracy of the identified factors.

During this session, the categorization of the risk factors obtained will also be carried

out together with the experts. As mentioned, in this stage the risk factors that affect

the profitability of contractors in PPP Hospital projects will be identified based on
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the results of extensive literature research and expert opinions. Secondly, the BBN

model will be constructed based on the refined risk factors. Finalized risk factors will

be incorporated into the specialized software GeNIe. In this step, it is important that

the developed model captures the probabilistic relationships and dependencies among

the risk factors and their impact on profitability. Therefore, after the risk factors are

entered into the GeNIe as nodes, an interview will be conducted with experts to de-

termine the relationships between the factors, and the corresponding states of factors

to be reflected in the model. Then, the conditional probabilities, which are signifi-

cant data for representing the relationships and dependencies between nodes, will be

determined by experts. The model will serve as the foundation for the research at

hand. The model will facilitate the probabilistic calculation of project profitability

risks and assess the impact of various risk factors on the overall project risk. Finally,

the developed BBN model will be tested and validated using experts’ opinion since

real-world data validation was not possible due to the absence of completed PPP hos-

pital project data. In the study, the model will be validated based on the content and

criterion. The validation tests will provide valuable insights into the model’s strengths

and weaknesses. Any necessary adjustments or refinements can be made based on the

test results, ensuring that the model is capable of delivering accurate and meaningful

assessments of project profitability risks for contractors.

3.2 Research Methodology

The research methodology employed in this study is an empirical approach that in-

volves multiple stages. Firstly, a comprehensive literature review was conducted to

identify relevant risk factors affecting the profitability of risks. This review provided

a theoretical foundation and helped to establish the initial set of risk factors to be

examined.

Subsequently, expert opinions were sought through structured interviews or surveys

to validate and refine the identified risk factors. The experts, who possess extensive

knowledge and experience in the field, provided valuable insights and perspectives

on the impact of these factors on profitability. Their opinions served as a crucial step

in ensuring the accuracy and comprehensiveness of the research findings. Based on
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the validated risk factors, a Bayesian Belief Network (BBN) model was developed.

The BBN model is a graphical representation of the relationships between the iden-

tified risk factors and profitability. It allows for the assessment of the conditional

dependencies and interactions among the factors, providing a structured framework

for analysis and decision-making.

To test the validity of the BBN model, empirical data was collected. Those involved

surveys, interviews, or case studies with relevant stakeholders, such as industry pro-

fessionals, project managers, and financial experts. The collected data was used to

populate the BBN model and assess its performance in predicting profitability based

on the identified risk factors.

Data analysis was carried out using appropriate statistical techniques to evaluate the

relationships and dependencies within the BBN model. That analysis provided in-

sights into the relative importance and influence of each risk factor on profitability.

Furthermore, sensitivity analyses and validation procedures were performed to assess

the robustness and reliability of the BBN model.

The findings from this research methodology will contribute to a deeper understand-

ing of the relationship between risk factors and profitability in the studied context.

The results can be used to enhance risk management practices, optimize decision-

making processes, and improve the overall profitability of projects or investments.

3.3 Expert Interviews

Expert interviews were conducted as part of this research to gather valuable insights

and opinions from individuals with extensive experience and expertise in PPP hospital

projects. The selection of experts was based on their involvement in PPP hospital

projects and their knowledge of the factors that affect profitability in such projects.

The experts are PPP Projects Technical Manager, PPP Projects General Coordina-

tor, and Construction Manager of one of the ongoing PPP Hospital Project. The

experts involved in these interviews had significant experience in civil engineering.

The first expert, aged 44 with 20 years of experience, provided valuable insights into

34



the nuances of PPP hospital projects. The second expert, aged 42 with 20 years of

experience, shared expertise on the practical aspects of project execution. The third

expert, aged 59 with 37 years of experience, brought a wealth of knowledge regarding

long-term project management. These interviews enriched the research by offering

diverse perspectives and experiences related to PPP hospital projects, complementing

the quantitative analysis facilitated by the BBN model.

A total of 3 interviews were conducted with each expert. Each interview lasted ap-

proximately 75 minutes and was conducted either in person or through virtual plat-

forms, depending on the availability and preference of the experts. The interviews

followed a structured format, and the questions asked in the 1st Interview included:

• Have you ever been involved in PPP hospital projects? If yes, how many years

of experience do you have? (How many projects have you been involved in?)

• What are the factors that affect the profitability of PPP hospital projects?

• Could you please provide some examples from the projects you were previously

involved in? What kind of factors led to deviations from your pre-set plans?

These questions were designed to elicit comprehensive responses from the experts

regarding their experiences, insights, and observations related to the profitability of

PPP hospital projects. The experts were encouraged to provide specific examples

and elaborate on the factors that influenced profitability, including both positive and

negative aspects.

In the 2nd Interview, the researcher and all Experts finalized the list of risk factors to-

gether through virtual platforms. All risk factors obtained from experts and literature

reviews are discussed. Moreover, finalized risk factors were categorized together with

the experts. In the 3rd Interview, the relationships between the factors and the cor-

responding states of factors to be reflected in the model were determined by experts.

During the interview, each expert also prepared the conditional probabilities tables

based on their experience. Then, results were discussed together with all experts and

based on the discussion finalized CPT’s were determined.
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The interviews were audio-recorded with the permission of the experts, and detailed

notes were taken during the discussions to ensure accuracy and capture key points.

The data collected from the interviews were analyzed using qualitative analysis tech-

niques to identify common themes, patterns, and important factors affecting the prof-

itability of PPP hospital projects.

The insights and information obtained from these expert interviews serve as a valu-

able resource in validating and enriching the research findings. The firsthand ex-

periences shared by the experts provide real-world perspectives and contribute to a

comprehensive understanding of the factors that impact profitability in PPP hospital

projects.
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CHAPTER 4

IDENTIFICATION OF RISKS IN PPP HOSPITAL PROJECTS

4.1 Key Findings from the Interviews about Risks Affecting Profitability of

Contractors in PPP Projects

This section presents the key findings derived from the expert interviews conducted to

explore the risks that impact the profitability of contractors in PPP Hospital projects.

The insights shared by experienced professionals in the field shed light on the criti-

cal factors that influence profitability and contribute to a deeper understanding of the

challenges faced by contractors in the context of PPP Hospital projects. The follow-

ing subsections outline the main themes that emerged from the interviews, highlight-

ing the specific risks identified and providing relevant examples from the experts’

experiences. These findings provide valuable insights for stakeholders involved in

PPP Hospital projects and contribute to the body of knowledge in this domain. The

following key findings emerged from the interviews, along with examples from real

projects:

• Financial Factors: Financial considerations play a crucial role in project prof-

itability. The initial investment of the company generally requires funding

through equity and credit. It is necessary to use around 20-25% equity and the

remaining portion as bank debt in order to make a profit. Therefore, the avail-

ability of finance is important for the profitability of a contractor. Moreover, the

financing terms obtained from the creditor are significant for the contractor’s

profitability. These conditions directly affect the cost of financing, which in

turn affects profitability. Economic parameters, such as currency fluctuations,

inflation, and interest rate also have limited effects. Their effects are consid-

37



ered as limited since contractors are to some extent protected against such situ-

ations within the contracts and agreements. Otherwise, it would be impossible

to find financiers from abroad. For instance, mentioned by the interviewer, in

one project the financing costs increased due to a sudden currency devaluation,

leading to higher expenses. However, having certain contractual clauses against

those situations prevents a significant reduction in the contractor’s profitability.

• Political, Legal, and Social Factors: Political stability and continuity are essen-

tial for undertaking large-scale PPP projects. Within the service payment mech-

anism, there are market tests conducted within a 5-year period. It is possible

for the government to outsource service activities to another company. In ad-

dition to that, although the contracts are international agreements, government

changes can get companies into trouble easily. Some clauses in the contracts

include penalty obligations. In the event of a change in government, there is

a possibility of imposing these clauses easily. Moreover, regulatory changes

occasionally made in favor of the public (such as payment mechanisms) can af-

fect profitability. On the other hand, it should be noted that the opposition of the

public to projects can be considered as another factor affecting the profitability

of contractors within that context.

• Design Considerations: The design of a project is one of the most impor-

tant factors directly affecting the profitability of the contractor. Optimal de-

sign choices can enhance operational efficiency and cost-effectiveness over the

project’s lifespan. For example, mentioned by the interviewer, in one project

the issue of air conditioning units was one of the areas where they achieved

savings during the design phase. As it is known, air conditioning units require

the installation of ducts from wherever they are placed in the building to the

designated areas. In other words, the farther the air conditioning unit is from

the room means the more distance has to be covered to bring the air to the room.

This situation affects the length of the ducts used, the size of the air condition-

ing unit, and the height of the suspended ceilings. To save costs, it was decided

to place the air conditioning unit for each floor on that floor itself, unlike other

companies. As a result, compared to other projects, the height of each floor was
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lowered by 50 cm, further reducing the expenses. In addition to optimal design,

the vagueness of the design can be considered as one of the major challenges in

PPP hospital projects. In Türkiye, the administration requests firms to develop a

project and provide pricing based on it. Consequently, the uncertainty in design

during the bidding phase leads to frequent design changes later on One of the

experts stated that in one of the projects, they had to make significant design

changes in the project due to the need for relocating healthcare departments

based on equipment placement and room conditions. This situation resulted in

substantial costs for the contractor.

• Construction Considerations: Maintaining high construction quality is crucial

to avoid additional costs and ensure long-term profitability. Inferior-quality

construction can lead to increased maintenance and repair expenses. The se-

lection of subcontractors during the construction process is also important in

terms of profitability because choosing the right subcontractor affects both de-

lays and the quality of the work, ultimately increasing costs in the long term.

It should also be stated that Effective project management during the construc-

tion process saves time within the project timeline. Taking necessary actions in

procurement and labor planning significantly impacts profitability.

• Operation and Management Practices: Efficient operation and management of

the hospital facilities is vital for profitability. Collaborating with experienced

facility management companies can contribute to effective operations and bet-

ter financial outcomes. Moreover, regular maintenance and adherence to oper-

ational protocols are essential to avoid disruptions and additional expenses. As

is known, most of the equipment in hospitals is expensive.

• Demand Dynamics: While demand for healthcare services impacts project vi-

ability, it may not be as critical as in other sectors. Additionally, there is a

misconception in the public about government guarantees. Support services

in hospitals are divided into two categories: demand-dependent services and

non-demand-dependent services. When the government guarantees a 70% oc-

cupancy rate, it expects companies to submit their proposals based on a certain
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level of occupancy. This level is already the minimum value determined by the

government. For example, if the laundry capacity is 100 tons, the government

guarantees washing services for up to 70 tons. For higher quantities, the gov-

ernment reduced the unit price, further reducing profitability for the companies

in case of exceeding the minimum value. Later on, the focus shifted from oc-

cupancy guarantees to quantity calculations. Since these guarantees apply to

specific services, they do not create significant differences in profitability.

• Partnership Dynamics: Strong partnerships and effective communication be-

tween public and private entities are essential for project success. Clear delin-

eation of responsibilities and consensus on decision-making minimize uncer-

tainties and risks. However, misalignment and disagreements between partners

can lead to additional costs and jeopardize profitability. It should be considered

that a change in the balance of power between the public and private entities

resulted in unexpected costs and delays.

• Contractual Obligations: Well-defined contractual agreements are crucial for

managing risks and ensuring profitability. Ambiguities or disputes in contracts

can lead to unexpected costs and legal complications. All experts stated that

since the beginning of the tender process of their projects, there have been nu-

merous unforeseen changes in the initial contracts. These changes have been

implemented by the authorities and the public based on the needs and devel-

opments in both the investment and operational processes. Generally, these

changes tend to have a negative impact on the companies’ profitability. On the

other hand, contracts in these projects are not limited to the agreement between

the authorities and the company. Most of the contracts in these projects are

tripartite agreements. The major component and party in this equation are the

creditors who provide the funds. The repayment of the funds obtained by the

company during the investment process is of great importance. It is crucial for

the payments to be made on time, without any delays, and for the company to

adhere to the obligations imposed by the creditors. The debt service coverage

ratio should be at a certain level. In case of difficulties, the creditors have the

right to step in according to the contracts. They take control of the company to
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secure their own receivables. Once the necessary funds are received, they step

out and transfer the operation. If such a situation occurs, it significantly affects

the profitability of the companies.

These key findings highlight the multifaceted nature of risks affecting the profitability

of contractors in PPP hospital projects. By understanding and effectively managing

these risks, contractors can enhance their chances of achieving sustained profitability

throughout the project lifecycle.

4.2 The Finalized Risk Model

As stated, in order to ensure the accuracy and relevance of the risk model, firstly,

the research was initiated by conducting an extensive review of existing literature

related to PPP hospital projects. Through the literature review, a preliminary list

of risk factors commonly associated with such projects was identified. These fac-

tors were derived from academic research papers, industry reports, and other relevant

sources. Secondly, expert interviews were conducted to explore the risks that im-

pact the profitability of contractors in PPP Hospital projects. Finally, recognizing

the importance of validating and refining these findings, a panel of experts was fur-

ther engaged in a dedicated session. These experts, renowned for their expertise in

PPP hospital projects, were invited to critically evaluate the identified risk factors and

provide their insights and recommendations. During the expert review session, the

identified risk factors were thoroughly examined and discussed. Perspectives were

shared, important considerations were raised, and additional insights were provided

based on practical experiences. The feedback and recommendations provided by the

experts played a pivotal role in refining and finalizing the risk factors that would be in-

corporated into our risk model. Following the expert review session, a comprehensive

table of finalized risk factors was created. This table represents a consolidated and

refined set of risk factors that have been reviewed and validated by both the literature

and expert insights. These risk factors encompass a wide range of areas, including

political, financial, legal, design, construction, operation, management, demand, part-

nership, and contractual aspects of PPP hospital projects. The following risk factors

have emerged from our discussions:
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• Stability of Government

• Change in Legislations

• Selection of Subcontractor

• Complexity of Design

• Vagueness of Design

• Design Changes

• Quality of Construction

• Distribution of Authority

• Allocation of Responsibilities and Risks

• Adequateness of Organization

• Effectiveness of Project Management

• Delay in Construction

• Level of Public Opposition

• Level of Government Guarantee

• Availability of Finance

• Change in Currency

• Interest Rates
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• Inflation Rate

• Cost of Finance

• Maintenance and Renewal of Equipment

• Quality of Operation

• Change in Demand

• Conflict in Contract

• Contractual Changes

• Delays in Payments

• Step-in of Financiers

• Profitability of Contractor (Target Node)

By integrating these identified risk factors, which have been derived through extensive

literature research and expert insights, a comprehensive risk model that will serve

as the foundation for our BBN analysis was developed. This model will provide a

holistic view of the risks associated with PPP hospital projects, enabling stakeholders

to make informed decisions, implement effective risk management strategies, and

enhance project success and profitability.
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CHAPTER 5

DEVELOPMENT OF THE BAYESIAN BELIEF NETWORK MODEL

5.1 Overview of the Steps of BBN development

This section provides a concise outline of the key steps involved in the development of

the Bayesian Belief Network (BBN) model for assessing contractor profitability risks

in Public-Private Partnership (PPP) hospital projects in Turkey. The BBN model de-

velopment process encompasses several fundamental stages, each contributing to the

establishment of a comprehensive and reliable model. In the initial phase, contractor

profitability risks in PPP hospital projects, which were determined as a result of ex-

tensive literature research and expert opinions, were incorporated into the specialized

software GeNIe. Subsequently, a series of interviews and discussions were conducted

with experts in the field of PPP projects to determine the critical risk factors, the rela-

tionships between the factors, and the corresponding states of factors to be reflected

in the model. Those processes established the main structure of the BBN model. The

next step involved the acquisition and incorporation of data necessary for the model.

Since there were no data of completed PPP hospital projects in Turkey, real data could

not be utilized. Instead, data were entered into the system based on expert opinions.

These data were used to generate conditional probability tables (CPTs) and predict

the states of the nodes within the model. In the final step, various methods were em-

ployed to validate and verify the developed BBN model. These methods aimed to

ensure the accuracy and reliability of the model. Although real-world data validation

was not possible due to the absence of completed PPP hospital project data, sensi-

tivity analysis, comparison studies, and expert opinions were utilized to evaluate the

effectiveness and validity of the model.
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5.2 Selection of Risk Factors and States

In this step, the risk factors to be included in the BBN model and the corresponding

states defining the status of these risk factors were determined based on literature

research and expert evaluations. As mentioned in previous chapters, the risk factors

were identified using widely accepted factors in the literature and the opinions of

experts in the field. States of the factors representing different conditions of these

risk factors were determined based on expert opinions. In Table 5.1, the Risk Factors

and States used in the BBN Model are listed. The target factor, the Profitability of the

Contractor, is highlighted in table.

Table 5.1: Risk Factors and States

Risk Factors States

Stability of Government Not Stable

Stable

Change in Legislations Frequently

Unfrequently

Selection of Subcontractor Sufficient

Superior

Complexity of Design Low

Medium

High

Vagueness of Design Yes

No

Design Changes Major

Minor

Quality of Construction Low

High

Distribution of Authority Unfair

Fair

Allocation of Responsibilities and Risks Unfair

Continued on the next page
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Table 5.1 – continued from previous page

Risk Factors States

Fair

Adequateness of Organization Insufficient

Sufficient

Effectiveness of Project Management Low

High

Delay in Construction Low

High

Level of Public Opposition Low

High

Level of Government Guarantee Low

High

Availability of Finance No

Yes

Change in Currency Low

High

Interest Rates Low

High

Inflation Rate Low

Medium

High

Cost of Finance Low

High

Maintenance and Renewal of Equipment Improper

Proper

Quality of Operation Low

High

Change in Demand Low

High

Conflict in Contract Low

Continued on the next page

47



Table 5.1 – continued from previous page

Risk Factors States

High

Contractual Changes Frequently

Unfrequently

Delays in Payments Low

High

Step-in of Financiers Yes

No

Profitability of Contractor Low

Medium

High

5.3 Node and Arc Definition

In BBN models, nodes represent critical risk factors influencing contractor prof-

itability in PPP Hospital Projects, interconnected by arcs that establish relationships

between these factors. The relationships between these variables were determined

through extensive discussions with experts, who provided valuable insights into var-

ious connections. For instance, experts highlighted the direct impact of government

guarantees on finance availability, reflecting the nuanced understanding gained from

these expert-driven conversations. These insights played a pivotal role in shaping the

BBN model’s structure. In the following figure, the main structure of the BBN Model

is demonstrated.
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5.4 Acquisition and Incorporation of Data

Another important input of the model is conditional probabilities of the variables. Af-

ter establishing the main structure of the model, the conditional probabilities should

be entered into the model to start analysis. The conditional probabilities are signif-

icant for representing the relationships and dependencies between nodes. In other

words, it is used to indicate the variation of the status of any node depending on other

nodes. Therefore, determining data correctly is crucial for effectiveness of the model.

As it is mentioned before, since there is no completed PPP hospital project data in

Turkey, it was progressed with the evaluation of experts at this stage. While deter-

mining the possibilities, detailed evaluation by examining the data obtained so far

in Experts’ PPP Hospital projects was made with the experts. These data were then

defined to corresponding nodes in the GeNIE software. The example of Conditional

Probability Table for Design Changes is shown in following figure.

Figure 5.2: Conditional Probability Table for Design Changes

5.5 Validation of the BBN Model

Although, it is often conceived that the validity of the model can be ensured by simply

testing the suitability of the models to a set of data, validity is a much broader concept

(Pitchforth and Mengersen, 2013). As it is mentioned, since there is lack of data,

experts’ opinon become the most important input for the validation. The proposed

framework for Validation of the BBN Model is stated in Figure 5.3. In the absence

of data, the model validations are based on Content. In the absence of data, the BBN

Model validation was carried out to assess content-based validity and criterian-based
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validity in order to evaluate the reliability, accuracy and credibility of the predicitions

of the model.

Figure 5.3: Framework for the Model Validation

5.5.1 Content-Based Validity

Content-Based Validity is assessed to demonstrate how accurately the BBN model

represents the group of content or subject matter that should be the basis for findings

(Messick, 1990). During the Content-Based Validity, three distinct tests which are

content validity, face validity and Nomological Validity are performed. These tests

ensure that the variables used in a model are sufficient for establishing the model,

meet all relationships correctly and represent the problem comprehensively. The re-

sults of the tests indicate that the content of the model is adequate to represent the

real system and to cover wider domain.
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5.5.1.1 Face Validity Test

Face Validity Test is considered as a subjective assessment of how well the model

has been implemented (Fu et al., 2016). The result of the test provides a chance to

determine if BBN model’s structure adequately depicts the real world. During the test,

Experts are answered the following questions are adapted from the work of Pitchforth

and Mengersen (2013).

(a) Does the model structure (the number of nodes, node labels, and arcs between

them) represent BBN Hospital Projects Contractors Profitability appropriately?

(b) Is the network discretized into sets that represent expert knowledge at each

node?

(c) Does the model’s structure and variables adequately represent the actual sys-

tem?

(d) Are the relationships between the variables in the model realistic and reason-

able?

(e) Does the model take into account all variables and system-affecting factors?

(f) Does the model output provide meaningful and useful information for decision-

making in the relevant domain?

(g) Are the probabilities and conditional dependencies in the model reasonable?

5.5.1.2 Nomological Validity Test

Nomological Validity is tested to demonstrate the applicability of the expert-elicited

BBN Model to broader conceptual domain (Pitchforth and Mengersen, 2013). In

other words, this test is used to verify that the relationships and predictions of the

BBN model fit the theoretical framework. The test was carried out under the section

of the finalized risk model. As mentioned in that section, the risk factors obtained

after a series of interviews and discussions that were conducted with experts were

evaluated and finalized in a way to have cover broader domain and to be categorized
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appropriately and comprehensively. At the end, it has been validated with all experts

that the risk factors and taxonomy represent PPP Hospital projects at a sufficient level.

5.5.1.3 Content Validity Test

Content validity test is conducted for a more thorough comparison of the variables

stated in the BBN Model with variables that are already known to be significant in

the actual system (Fu et al., 2016). It provides control to see whether the model has

all the nodes and relations for comprehending the problems (Köseoğlu Balta, 2019).

As stated in the sections of “Selection of Risk Factors”, “Node and Arc Definition”

and “Acquisition and Incorporation of Data” the determined risk factors, the states of

the factors, relationships between the factors and probabilistic relations are reviewed

by the experts one by one. During the reviews, the necessary modifications have been

made by the experts. In the final stage sufficiently, all elements of the model are

considered as detailed to represent the problem being studied.

5.5.2 Criterion-Based Validation

Criterion-related validation is assessed by interpreting degree of correspondence be-

tween the predictions and one or more external variables to see how well model

accurately represent the criterion’s feature or behavior (Fu et al., 2016). For the

Criterion-Based Validation, concurrent validity test, extreme conditions-assumptions

test, parameter variability-sensitivity test with extreme conditions and predictive va-

lidity tests are performed. The results of the tests show that the model aligns ade-

quately with general criterions.

5.5.2.1 Concurrent Validity Test

The concurrent validity test assesses the degree to which a model that we validate, or

parts of it, corresponds to a model that is nomologically close to it (Fu et al., 2016).

During the evaluation with experts, based on the risk factors provided in the model,

the experts stated that all of the risk factors can be applicable to different types of PPP

53



projects.

5.5.2.2 Extreme Conditions-Assumptions Test

Extreme Conditions-Assumptions Test is conducted to assess the consistency in the

probabilities assigned to the model and to evaluate the logical act of the model under

extreme conditions compared to the real system (Köseoğlu Balta, 2019). The extreme

conditions are determined by the experts. In comparison with the real world, the result

of the model is considered reasonable. The conditions and the results are shown in

Table 5.2.

Table 5.2: Assumptions Control Factors and Model Outputs

Assumption control factors

(ACF)

Model requirements Model Outputs

ACF 1: The State of Step in

of Financiers: Yes

The probability of Low Prof-

itability of Contractor is ex-

pected to be more than 50%.

54.4%

ACF 2: The State of Vague-

ness of Design: Yes

The probability of Major De-

sign Changes is expected to be

more than 70%.

75.3%

ACF 3: The State of Level of

Government Guarantee: Low

The probability of No Avail-

ability of Finance is expected

to be more than 70%.

71.4%

5.5.2.3 Parameter Varaibility-Sensitivity Test With Extreme Conditions As-

signment

Sensitivity analysis test is conducted to assess how the uncertainty in the results is

linked to the uncertainty in its variables. The test provides a chance to evaluate the

degree of sensitivity of model to changes in parameter and assesses how “sensitive”

the model is to fluctuations in the variables and data (Salciccioli et al., 2016). The
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steps of sensitivity test are shown below:

1. The probabilities of Profitability of Contractor’s states are determined based on

extreme conditions which are the best case and the worst case. The probabilities

are stated in Table 5.3.

2. Using the probabilities in Table 5.3 and expected value formula, the expected

profitability of contractor is calculated. For the calculations, three ranges of

Profitability of the Contractor that are shown below are determined by the ex-

perts:

• Low (10 to 20%)

• Medium (20 to 30%)

• High (30 to 45%)

The formula for the expected value calculations is shown below.

EX =
n∑

i=1

xi × f(xi) (5.1)

The contractor probability has been assessed as follows for the most likely sce-

nario.

P (Most likely Scenario) = 0.3221× 15 + 0.3321× 25 + 0.3458× 37.5

= 26.10%

For the other cases, the results are shown in Table 5.4. The Tornado Graph is

also indicated in Figure 5.4.
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Table 5.3: Probability Distribution of Contractor Profitability under Different Scenar-

ios

States of Factors Low(10-20%) Medium(20-

30%)

High(30-45%)

Profitability of Contractor (Most

Likely Case)

0.3221 0.3321 0.3458

Stabilitiy of Government (Best Case) 0.3190 0.3310 0.3500

Stabilitiy of Government (Worst Case) 0.3394 0.3386 0.3220

Change in Legastations (Best Case) 0.3213 0.3319 0.3468

Change in Legastations (Worst Case) 0.3253 0.3334 0.3413

Selection of Subcontractor (Best Case) 0.3216 0.3320 0.3465

Selection of Subcontractor (Worst

Case)

0.3222 0.3322 0.3455

Complexity of Design (Best Case) 0.3196 0.3311 0.3492

Complexity of Design (Worst Case) 0.3254 0.3335 0.3411

Vagueness of Design (Best Case) 0.3164 0.3298 0.3539

Vagueness of Design (Worst Case) 0.3240 0.3329 0.3431

Design Changes (Best Case) 0.3056 0.3254 0.3690

Design Changes (Worst Case) 0.3300 0.3354 0.3346

Quality of Construction (Best Case) 0.3211 0.3318 0.3471

Quality of Construction (Worst Case) 0.3262 0.3339 0.3400

Distribution of Authority (Best Case) 0.3219 0.3321 0.3460

Distribution of Authority (Worst Case) 0.3221 0.3322 0.3457

Allocation of Responsibilities and

Risks (Best Case)

0.3220 0.3321 0.3459

Allocation of Responsibilities and

Risks (Worst Case)

0.3221 0.3322 0.3457

Adequateness of Organisation (Best

Case)

0.3218 0.3320 0.3462

Adequateness of Organisation (Worst

Case)

0.3222 0.3322 0.3456

Continued on the next page
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Table 5.3 – Continued from previous page

States of Factors Low (10-20%) Medium (20-

30%)

High (30-45%)

Effectiveness of Project Management

(Best Case)

0.3212 0.3318 0.3470

Effectiveness of Project Management

(Worst Case)

0.3241 0.3330 0.3429

Delay in Construction (Best Case) 0.2923 0.3198 0.3879

Delay in Construction (Worst Case) 0.3523 0.3446 0.3032

Level of Public Opposition (Best Case) 0.3214 0.3319 0.3468

Level of Public Opposition (Worst

Case)

0.3248 0.3333 0.3419

Level of Government Guarantee (Best

Case)

0.3174 0.3303 0.3523

Level of Government Guarantee

(Worst Case)

0.3380 0.3383 0.3237

Availability of Finance (Best Case) 0.3157 0.3297 0.3547

Availability of Finance (Worst Case) 0.3452 0.3410 0.3138

Change in Currency (Best Case) 0.3193 0.3311 0.3496

Change in Currency (Worst Case) 0.3254 0.3334 0.3412

Interest Rates (Best Case) 0.3213 0.3319 0.3468

Interest Rates (Worst Case) 0.3245 0.3331 0.3425

Inflation Rate (Best Case) 0.3194 0.3311 0.3495

Inflation Rate (Worst Case) 0.3254 0.3334 0.3412

Cost of Finance (Best Case) 0.3024 0.3246 0.3730

Cost of Finance (Worst Case) 0.3699 0.3505 0.2795

Maintenance and Renewal of Equip-

ment (Best Case)

0.3220 0.3322 0.3458

Maintenance and Renewal of Equip-

ment (Worst Case)

0.3221 0.3321 0.3458

Quality of Operation (Best Case) 0.3221 0.3321 0.3458

Quality of Operation (Worst Case) 0.3220 0.3322 0.3458

Continued on the next page
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Table 5.3 – Continued from previous page

States of Factors Low (10-20%) Medium (20-

30%)

High (30-45%)

Change in Demand (Best Case) 0.3221 0.3321 0.3458

Change in Demand (Worst Case) 0.3219 0.3325 0.3456

Conflict in Contract (Best Case) 0.3118 0.3284 0.3598

Conflict in Contract (Worst Case) 0.3278 0.3343 0.3379

Contractual Changes (Best Case) 0.2965 0.3227 0.3807

Contractual Changes (Worst Case) 0.3771 0.3524 0.2705

Stepin of Financiers (Best Case) 0.2958 0.3393 0.3650

Stepin of Financiers (Worst Case) 0.5438 0.2720 0.1842

Delays in Payments (Best Case) 0.3212 0.3406 0.3382

Delays in Payments (Worst Case) 0.3223 0.3301 0.3477

Table 5.4: The Expected Profitability of Contractor for Each Case

Factors Best Case (Profitability

Percentage)

Worst Case (Profitability

Percentage)

Step-in of Financiers 26.605 21.865

Contractual Changes 26.794 24.611

Cost of Finance 26.638 24.795

Delay in Construction 26.927 25.267

Availability of Finance 26.277 25.470

Design Changes 26.556 25.883

Level of Government Guarantee 26.230 25.666

Stability of Government 26.185 25.630

Conflict in Contract 26.379 25.946

Vagueness of Design 26.260 26.049

Change in Currency 26.177 26.010

Continued on the next page
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Table 5.4 – continued from previous page

Factors Best Case (Profitability

Percentage)

Worst Case (Profitability

Percentage)

Inflation Rate 26.174 26.011

Complexity of Design 26.169 26.009

Quality of Construction 26.128 25.987

Change in Legislations 26.122 26.013

Delays in Payments 26.015 26.124

Level of Public Opposition 26.121 26.026

Interest Rates 26.121 26.037

Effectiveness of Project Manage-

ment

26.126 26.045

Selection of Subcontractor 26.115 26.097

Adequateness of Organization 26.110 26.098

Distribution of Authority 26.105 26.100

Allocation of Responsibilities and

Risks

26.104 26.100

Change in Demand 26.102 26.101

Quality of Operation 26.101 26.102

Maintenance and Renewal of

Equipment

26.102 26.102
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The most sensitive risk factors are listed below respectively. According to the experts’

review, the results are expected. It is stated that these factors are one of the most

controlled factors during the projects since small changes in the status may affect

significantly.

• Most Sensitive Factors

1. Step in of Financiers

2. Contractual Changes

3. Cost of Finance

4. Delays in Construction

5. Availability of Finance

6. Design Changes

5.5.2.4 Predictive Validity Test

Predictive validity test is implemented to assess how well the model evaluates certain

events or outcome in the future (Fu et al., 2016). For the test, certain cases are de-

termined by the experts. After discussing the expectations of the experts, the inputs

are entered into the model. The cases, the expectations and the results are explained

below. At the end of the test, the experts stated that the output of the model meets

expectations.

Case-1:

• Step in of Financiers: Yes

• Changes in Legislation: Frequent

• Delays in Construction: High

Expectation of Experts: First of all, Step in of Financiers is one of the riskiest situa-

tions in PPP Hospital Projects. The evidence of "Yes" of that factor will definitely lead
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to a significant increase in the state of "Low Profitability of Contractor." However, it

is not expected that the probability of having Low Profitability exceeds 60-65% since

it does not affect the whole payment mechanisms. The other factors’ evidence will

also lead to a decrease in the High Profitability of the contractor.

Output of the Model for Case-1:

• The probability of having Low Profitability of Contractor: 57.8%

• The probability of having Medium Profitability of Contractor: 28.4%

• The probability of having High Profitability of Contractor: 13.8%

Case-2:

• Inflation Rate: High

• Interest Rates: High

• Delays in Construction: High

• Changes in Legislation: Frequent

Expectation of Experts: These factors with determined evidence are one of the most

encountered risky situations in PPP Hospital Projects in Turkey. Although these are

critical factors, their effects are limited compared to the case of the step-in of fi-

nanciers. It is because these factors are mostly covered and guaranteed by govern-

ments in the contracts. However, it is expected that these factors will lead to a slight

increase in the probability of having Low Profitability of the Contractor.

Output of the Model for Case-2:

• The probability of having Low Profitability of Contractor: 36.1%

• The probability of having Medium Profitability of Contractor: 34.7%

• The probability of having High Profitability of Contractor: 29.2%
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Case-3:

• Cost of Finance: Low

• Contractual Changes: Unfrequently

• Effectiveness of Project Management: High

Expectation of Experts: It is expected that there will be an increase in the probability

of having High Profitability of Contractor up to 45-50%. These factors might be

one of the best scenarios for PPP Projects. However, it is not easy in these kinds of

projects to exceed 50% of the High Profitability of Contractor. Therefore, their effects

should also be limited.

Output of the Model for Case-3:

• The probability of having Low Profitability of Contractor: 27.6%

• The probability of having Medium Profitability of Contractor: 31.6%

• The probability of having High Profitability of Contractor: 40.8%

5.6 Summary of BBN Model Development

In this chapter, the development of the Bayesian Belief Network (BBN) model for

assessing contractor profitability risks in PPP hospital projects in Turkey is detailed.

The process involves the careful selection of risk factors through literature review and

expert consultations, leading to the creation of a comprehensive list.

The BBN model structure is thoughtfully designed to capture the complex relation-

ships between risk factors and contractor profitability. Expert knowledge, along with

the utilization of specialized software, GeNIe, allows the model to estimate condi-

tional probabilities and quantify the impact of risk events.

To ensure the reliability and validity of the model, comprehensive validation proce-

dures were conducted. These encompassed content-based validation tests, including
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face, nomological, and content validity assessments, as well as criterion-based valida-

tion tests such as concurrent validity and extreme conditions-assumptions tests. The

implementation of these validation measures enabled the model to stand as credible

and trustworthy for risk assessment without the reliance on historical data.
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CHAPTER 6

DEMONSTRATIVE CASE STUDY

The following chapter presents a demonstrative case study conducted by our panel of

experts. For this study, the experts carefully selected an ongoing project to analyze

and evaluate its implementation and outcomes of the BBN Model. The purpose of

this case study is to provide a practical example that demonstrates the practical appli-

cation of the BBN Model in real-life scenarios. To achieve this objective, the initial

step involves providing a concise summary of the selected project, which is subse-

quently utilized within the BBN Model. The subsequent section entails a discussion

of the implementation results, accompanied by the experts’ opinions and evaluations

pertaining to both the benefits and the challenges of the BBN Model.

6.1 Overview of Case Project

The selected project for this case study is an ongoing PPP hospital project which has

around 400-million-euro total cost of investment located in Turkey. The hospital has

a total capacity of around 1600 beds, providing comprehensive healthcare services

across various specialties. The hospital, being developed under the PPP model, is

a collaboration between the government and private entities. As stated, the project

aims to establish a state-of-the-art medical facility to cater to the healthcare needs

of the state population. The construction of the project has been completed, and it

is currently in its 5th year of operation. It is important to note that as an ongoing

project, certain factors may still be subject to uncertainties. However, based on the

current state of the project, the following factors and their states have been identified

by experts:
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Table 6.1: Current State of the Case Study

Risk Factors States of the Project

Selection of Subcontractor Superior

Complexity of Design High

Vagueness of Design Yes

Design Changes Major

Quality of Construction High

Distribution of Authority Fair

Allocation of Responsibilities and Risks Fair

Adequateness of Organization Sufficient

Effectiveness of Project Management High

Delay in Construction Low

Level of Government Guarantee Low

Availability of Finance Yes

Change in Currency High

Interest Rates Low

Inflation Rate High

Cost of Finance Low

6.2 Utilization of the Project in the BBN Model

The utilization of the project in the BBN model involved a dedicated session con-

ducted by two experts, lasting for four hours. During this session, the experts thor-

oughly reviewed and discussed all the factors included in the model. They analyzed

the current status and outcomes of the case project based on the available data up to

the present time. The information obtained from this session has been compiled and

presented in Table 6.1 above.
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Subsequently, the determined states of the mentioned factors were entered as evi-

dence into the corresponding nodes in the GeNIe program. On the other hand, the

uncertainties related to other factors were left unchanged. It is worth noting that the

GeNIe program’s capability to incorporate evidence for certain factors while leaving

others uncertain provided a balanced and well-rounded evaluation. This approach

allowed the model to simulate real-life scenarios more effectively and captured the

inherent uncertainties present in the project environment. In other words, the utiliza-

tion of evidence and uncertainties in the model enabled the experts to obtain a more

nuanced understanding of the contractor’s expected profitability. By considering both

deterministic and probabilistic factors, the model provided a comprehensive range

of potential outcomes, offering valuable insights for risk management and decision-

making. Finally, the model was evaluated to determine the expected profitability of

the contractor in the project. In order to provide visual support and transparency to

our analysis, a screenshot of the GeNIe software, showcasing the evidence entered for

certain factors and the uncertainties left unaltered for others was shown below. The

GeNIe screenshot (Figure 6.1) displays the nodes representing the various risk factors

identified in the BBN model. In the tree view, the nodes with lines states indicate the

factors for which evidence has been entered, based on the information gathered during

the expert session. certain nodes with yellow circles, signifying that no evidence was

provided for these factors during the expert session. This deliberate choice allows for

the consideration of uncertainties and multiple possible scenarios within the model.

By maintaining some factors as uncertain, the BBN model comprehensively analyzes

the range of potential outcomes, capturing the inherent complexities and uncertainties

that arise in PPP projects.
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6.3 Findings of the Implementation

The implementation findings of the BBN model reveal the probabilities associated

with different levels of profitability for the selected PPP hospital case project. The

results indicate that the probability of "Low Profitability" is 27.50%, "Medium Prof-

itability" is 31.32%, and "High Profitability" is 41.18%. Before observing the out-

comes, the experts had anticipated a higher percentage for "High Profitability," ex-

pecting it to be around 45%, and approximately 20% for "Low Profitability." How-

ever, upon evaluating the results, it is evident that the "Low Profitability" percentage

is slightly higher than their initial expectation, while "High Profitability" is slightly

lower than anticipated. Nevertheless, the experts noted that the BBN model’s findings

are still in close agreement with the percentages they had been tracking in their mon-

itoring systems. This finding instills confidence in the model’s accuracy and confirms

its applicability in assisting decision-making processes. These findings demonstrate

the BBN model’s effectiveness in capturing the complex interactions of various risk

factors influencing the profitability of the PPP hospital project. By incorporating un-

certainties and expert insights, the model provides a practical and comprehensive tool

for assessing potential profitability scenarios in real-life projects. It enables project

stakeholders to make more informed decisions and develop appropriate risk mitiga-

tion strategies to enhance the overall success of PPP hospital projects.

6.4 Benefits and Challenges of the BBN Models

Following the implementation of the Bayesian Belief Network (BBN) model in the

selected PPP hospital project, an in-depth evaluation of its performance was con-

ducted in a dedicated session with our panel of experts. During this comprehensive

three-hour session, the experts meticulously examined the outcomes and function-

alities of the BBN model. The ensuing discussion revolved around the benefits the

model offered and the challenges encountered during its development and utilization.

In this section, we present the key insights gained from this session, highlighting both

the advantages and the challenges posed by the BBN model in the context of PPP

hospital projects. The benefits that the prepared BBN Model brings to PPP hospital
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projects are mentioned below.

6.4.1 Advantages of the Prepared BBN Model

• Enhanced Risk Assessment and Decision-Making: The BBN model provides

an enriched risk assessment framework, effectively capturing the intricacies and

interdependencies of various risk factors specific to our PPP hospital project.

By incorporating expert insights and probabilistic analysis, the model enables a

comprehensive view of potential outcomes, empowering stakeholders to make

well-informed decisions, proactively identify and address risks, and devise ro-

bust risk mitigation strategies tailored to the project’s unique characteristics.

• Realistic Performance Prediction: Through probabilistic modeling and consid-

eration of uncertain factors, the BBN model generates realistic performance

predictions for the PPP hospital project. This enables stakeholders to antici-

pate challenges and opportunities, enabling timely adjustments and optimizing

project outcomes.

• Improved Scenario Analysis: BBN models enable scenario analysis, allowing

stakeholders to explore different what-if scenarios and assess their potential

impact on project outcomes. This analysis helps in understanding the sensitivity

of the project to different risk factors and assists in contingency planning.

• Improved Communication: BBN models facilitate effective communication of

risk information to various stakeholders. The graphical nature of the model

allows for clear and intuitive visualization of risk relationships, making it easier

to convey complex risk assessments to non-technical audiences.

• Early Warning System for Risks: The BBN model acts as an early warning

system, alerting project stakeholders to potential risks that may arise during

the project’s lifecycle. By continuously monitoring the probabilities of various

risk factors, the model facilitates proactive risk management, ensuring timely

interventions to prevent or mitigate adverse effects on the project’s progress.

• Continuous Learning and Improvement: The BBN models can be updated and

refined as new data and information become available during the project life-
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cycle. This continuous learning and improvement process ensures that the risk

assessment remains up-to-date and accurate.

• Integration with Expert Knowledge: The BBN models can incorporate expert

knowledge and insights, making them powerful tools for capturing and lever-

aging domain-specific expertise. Expert input enhances the model’s accuracy

and relevance to real-world project conditions.

6.4.2 Challenges of the Prepared BBN Model

• Data Availability and Accuracy: Developing a robust BBN Model relies heavily

on the availability of comprehensive and accurate data. In some cases, obtain-

ing sufficient data for all relevant risk factors in PPP hospital projects can be

challenging, especially in dynamic and evolving environments. The scarcity of

data may lead to uncertainties and assumptions that could impact the model’s

accuracy and reliability.

• Subjective Probability Assignment: Assigning probabilities to various nodes

within the BBN Model involves a level of subjectivity. Experts’ judgments

and estimations are essential to establish the likelihood of specific events or

outcomes. However, subjectivity introduces potential biases and uncertainties,

which may affect the overall validity of the model’s predictions.

• Complexity in Incorporating Multiple States of Nodes: PPP hospital projects

involve numerous risk factors, each with multiple possible states. Incorporating

all these states within the BBN Model can be time-consuming and challenging.

The larger the number of nodes and states, the more complex and demanding

the model creation process becomes.

• Expert Involvement and Domain Knowledge: The success of the BBN model

hinges on the expertise and domain knowledge of the involved experts. Con-

structing a comprehensive model necessitates collaboration between experts

from various disciplines, which can be resource-intensive and time-consuming.

Striking a balance between different expert perspectives and ensuring the model’s

accuracy demands careful consideration.
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• Model Complexity and Interpretability: BBN models can become intricate due

to the incorporation of multiple risk factors and their interconnections. While

this complexity allows for a more accurate representation of real-world sce-

narios, it may challenge the model’s interpretability for stakeholders without a

technical background. Effectively communicating the model’s outcomes and

insights to diverse stakeholders requires clear and concise presentations.

• Handling a Large Number of Nodes: In complex PPP hospital projects, the

number of risk factors and variables can be substantial, leading to a large num-

ber of nodes within the BBN Model. Designing a model with an extensive set

of nodes requires careful attention and meticulous planning. The process be-

comes time-consuming, as each node’s interactions and probabilities need to

be accurately defined. Moreover, managing a vast number of nodes can lead to

potential errors or oversights if not managed diligently.

In conclusion, the implementation of the Bayesian Belief Network (BBN) model in

the selected PPP hospital project has demonstrated several significant benefits that

enhance risk assessment, decision-making, and performance prediction. The BBN

model has proven to be a valuable tool in offering a comprehensive risk assessment

framework, enabling stakeholders to proactively manage risks and optimize project

outcomes. The model’s ability to simulate various scenarios and provide realistic

performance predictions assists in effective resource allocation and contingency plan-

ning. Furthermore, the BBN model serves as an early warning system for potential

risks during the project’s lifecycle, allowing timely interventions to mitigate adverse

effects. Its integration with expert knowledge and its capability for continuous learn-

ing and improvement contribute to its relevance and accuracy in real-world project

conditions. Additionally, the model’s graphical representation facilitates effective

communication of risk information to diverse stakeholders, aiding better understand-

ing and decision-making. However, the utilization of BBN Models also entails certain

challenges that require careful consideration. These challenges include data avail-

ability and accuracy, subjective probability assignment, complexity in incorporating

multiple states of nodes, expert involvement and domain knowledge, model complex-

ity and interpretability, and the management of a large number of nodes. Addressing

these challenges effectively will ensure the model’s reliability and validity, making
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it an indispensable tool for successful PPP hospital projects. Overall, the benefits of

employing the BBN models outweigh the challenges, making them a valuable addi-

tion to the project risk assessment toolkit. By leveraging the strengths of BBN mod-

els and actively mitigating the associated challenges, stakeholders can enhance their

decision-making processes, achieve better risk management, and secure the success

of PPP hospital projects.
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CHAPTER 7

CONCLUSION

7.1 Concluding Remarks

Throughout this thesis, a comprehensive exploration of contractor profitability risks

in PPP hospital projects in Turkey has been undertaken. A BBN-based framework

was developed to provide a holistic approach to effectively assess and manage these

risks. In order to develop the BBN-based model, crucial steps were taken. Valu-

able insights into the intricate dynamics that impact contractor profitability, includ-

ing project characteristics, macroeconomic conditions, regulatory aspects, and opera-

tional performance, were gained through meticulous research, and consultations with

esteemed experts in the field. Through this rigorous process, a total of 27 final risk

factors were identified as crucial elements influencing the profitability of contractors

in PPP hospital projects in Turkey. These factors were incorporated into the spe-

cialized software GeNIe, and a series of interviews and discussions with PPP project

experts established the main structure of the BBN model. Since real data on com-

pleted PPP hospital projects in Turkey was scarce, expert opinions were utilized to

enter data into the model and generate conditional probability tables (CPTs) for the

nodes. As stated by Jokar et al. (2021), precarious situations are commonly encoun-

tered by PPP projects throughout all project stages, including initial studies, design,

construction, and operation. Our major findings also support this observation, as

the most sensitive factors affecting contractor profitability in PPP hospital projects

in Turkey were identified to be Step-in of Financiers, Contractual Changes, Cost of

Finance, Delays in Construction, Availability of Finance, and Design Changes. The

results also indicated a closely balanced distribution of probabilities for low, medium,

and high profitability chances, making it challenging for contractors to achieve sub-
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stantial returns. Remarkably, under the influence of these identified risk conditions,

the probabilities of low, medium, and high profitability of contractors were found to

be almost equal. As emphasized by Chan et al. (2011), the challenges faced in suc-

cessfully executing PPP projects in China further emphasize the necessity for tailored

risk assessment models and equitable risk-sharing mechanisms to navigate uncertain-

ties effectively. By addressing these challenges head-on and adopting proactive risk

mitigation measures, stakeholders can enhance the overall feasibility and success of

PPP projects, ultimately paving the way for more sustainable infrastructure develop-

ment and delivery. Consequently, the need for robust risk assessment strategies in

PPP projects was emphasized to navigate uncertainties successfully.

7.2 Contributions to Theory and Practice

The research made notable contributions to both theory and practice. The theoretical

aspect involved introducing the innovative BBN-based approach for risk assessment

in PPP projects, enriching the literature on risk management in infrastructure ven-

tures. The comprehensive analysis presented in this study allows for the application

of the developed BBN model not only to the specific PPP hospital projects studied

but also to other similar ventures in Turkey. Thus, the model provides a valuable

and transferable framework that can be adapted and utilized by various stakeholders

involved in different PPP hospital projects across the country. Practically, the de-

veloped BBN model empowered contractors with a powerful tool to prioritize and

mitigate critical risk factors, optimizing the financial viability of their PPP hospital

projects. By leveraging this model, contractors can confidently navigate the uncer-

tainties associated with PPP projects, enhancing their ability to make informed deci-

sions and ensuring the overall success of their ventures. This practical contribution

extends beyond individual projects and holds the potential to positively impact the

broader landscape of PPP project execution in Turkey, fostering a more sustainable

and risk-resilient infrastructure development in the country.
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7.3 Limitations

While valuable insights were yielded by our research, it is important to acknowl-

edge certain limitations. The absence of real-world data on completed PPP hospital

projects in Turkey necessitated a reliance on expert opinions for the model’s data

input, potentially introducing subjectivity. Moreover, due to data scarcity, content-

based assessments and expert opinions primarily constituted the model’s validation.

Another significant limitation of the study was the practical challenges encountered

while using the GeNIe software for the BBN model development. As the number

of risk factors increased, it became increasingly challenging not only for the soft-

ware but also for human experts to enter an extensive amount of data, considering

the complexity and time required for inputting probabilities accurately. Similarly,

the definition of numerous states for each risk factor, which would have provided a

more comprehensive range of options for experts, also presented difficulties in terms

of data entry and management. Additionally, logistical challenges were encountered

in conducting interviews with experts. The study relied on multiple interviews with

experts to gather their valuable insights and opinions. However, coordinating and

scheduling interviews with busy professionals proved to be time-consuming and ar-

duous. As the study heavily relied on expert opinions, obtaining a sufficient number

of interviews was crucial to ensure the accuracy and reliability of the BBN model. De-

spite these limitations, significant advancements in risk assessment for PPP hospital

projects were achieved through our research and the developed BBN model. By rec-

ognizing and addressing these limitations, the effectiveness and applicability of BBN

models in infrastructure projects can be further enhanced, paving the way for more

informed and resilient decision-making in the field of public-private partnerships.

7.4 Recommendations for Further Research

Further research is recommended to compare the BBN model with alternative risk as-

sessment methods, aiming to expand its applicability beyond healthcare PPPs to other

infrastructure projects. The model’s reliability and validity can be enhanced by im-

proving data collection and reducing subjectivity. Additionally, conducting sensitivity
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analyses and applying predictive validity tests using real-world data from ongoing or

completed PPP hospital projects can further enhance the model’s practical utility and

contribute to a deeper understanding of contractor profitability risks in PPP ventures.
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