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Letter from the Editor       July 2018 

 

 

 

Fellow Visionaries: 

 

Happy Holidays from Dr. Dean! This year marked the first year after retiring and 

separating from Arizona State University (ASU). No one could have predicted the 

movement of the CIB Working Commission 117 (W117) and our journal from 

being sponsored and funded by the College of Engineering at ASU, to being 

privately sponsored by Kashiwagi Solution Model Inc (KSM). The journal papers 

receive continuous exposure and reads on the partnering ResearchGate platform.  

 

W117 is making a significant move to innovate and increase the speed of change 

in procurement, project management, risk management and the utilization of 

performance information to create transparency. W117 is increasing the innovation 

by aligning visionary stakeholders in the supply chain and utilizing them to help 

change the current paradigm. The approach being used by W117 is to use the 

Information Measurement Theory (IMT) as the foundation for the research. It 

assumes most stakeholders in the supply chain have the following characteristics: 

 

1. Operations are based on decision making, management, direction and control.  

2. Processes are ineffective and inefficient.  

3. Poor project performance. 

 

The research agenda for the next five years includes: 

 

1. Changing the structure of W117. Research will be recursive as the actions of all 

the participants in the W117 structure will be actively participating in the 

research.  

2. Forming an international board of experts in the Best Value Approach (BVA). 

This board will run tests, document the tests with peer reviewed papers, and 

become reviewers for other BVA papers. 

3. Forming PBSRG education satellite sites that are facilitated by BVA 

International Board members to proliferate the BVA. 

4. Implementing the BVA into, both a private and public organization in the 

United States to replace management, direction and control in the delivery of 

services by identifying and utilizing expertise.  

5. Assisting the Kingdom of Saudi Arabia by implementing an Information Based 

Continuous Improvement (IBCI) system which uses accurate and timely 

performance information to optimize their classification system.  

6. A research effort to change the project management model from the 

management, direction and control approach to the utilization of expertise and 

transparency. This effort is integrating the BVA test projects, the IBCI project, 

and a research effort at the SKEMA Project Management School to define the 

Project Management Model of the Future. 
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7. Use a new component of W117, Leadership Society of Arizona (LSA), to test 

and implement IMT to prepare young students to operate in the age of 

automation by minimizing thinking, data collection and decision making. This 

education overcomes the paradox of how to understand reality without knowing 

anything. These programs produce information workers (IW) who use the 

language of dominant metrics to understand the present and future conditions 

of reality.  

 

I encourage journal readers to dream of innovation. This next year (2019) will 

produce results which will dwarf the results previously discovered in the use of 

performance information. Happy holidays to everyone!  

 

 

Dr. Dean  

 

Professor Dean T. Kashiwagi 

P.E., PhD, Fulbright Scholar, IFMA Fellow 

W117 Journal Editor  

 

 

 

 

 
Dean T. Kashiwagi 

Editor 

 
Jacob S. Kashiwagi 

Secretariat 
David G. Krassa 

Publication Coordinator 

 

 

 

 

 

Connect with us: 

LinkedIn PBSRG LSA Web 

 

https://www.linkedin.com/in/deankashiwagi/
https://pbsrg.com/
http://leadaz.org/
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W117 Performance Information in Construction:  

2018 Research Roadmap Report  
 

 

Foreword 

 
The CIB Working Commission W117, “Performance Measurement in Construction,” is one of the more 

innovative and productive research-based commissions in CIB. It focuses on the utilization of performance 

metrics in the delivery of construction services. The home for W117 is the Performance Based Studies 

Research Group (PBSRG) at Mesa, Arizona, where W117 and PBSRG hold their annual Best Value 

Conference in conjunction with KSM Inc. From its start in 2009, W117 was led by Prof. Dean Kashiwagi 

(PBSRG), and his group of innovators (Dr. Jacob Kashiwagi, Dr. Jake Gunnoe, and Dr. Alfredo Rivera) and 

co-coordinator, Professor Charles Egbu, (Glasgow Caledonian University). In 2016, W117 was joined by 

Co-Coordinator Prof. Sicco Santema, (University of Technology, Delft, Netherlands) the visionary who led 

to the proliferation of the W117 technology in the Netherlands.  

 

W117 aims to change construction procurement and stakeholder organizations worldwide through the use of 

the information-based Best Value Approach (BVA). As such, it differs from most CIB Commissions that are 

more science driven, while W117 is more concept and impact driven. It has been one of the most successful 

CIB Commissions in bridging the gap between the construction industry practice and academic research. It 

has been prolific in publishing and running research tests with industry partners. W117 and PBSRG have 

published over 384+ papers and generated licensed technology (61 licenses from Skysong Innovations, the 

licensing body of Arizona State University for intellectual property rights). It is the most licensed technology 

from the most innovative university in the U.S. (as rated by U.S. News and World Report (2016-2018).  

 

W117 is responsible for the development and continuous testing of the following technologies: 

 

1. Best Value Approach (BVA). 

2. Best Value (BV) Intellectual Property (IP) technology. 

3. Performance Information Procurement System (PIPS). 

4. Performance Information Risk Management System (PIRMS). 

5. Information Measurement Theory (IMT) and Kashiwagi Solution Model (KSM) and related models such 

as Spectrum of Observation. 

6. Industry Structure model. 

7. A new project management model based on IMT. 

8. definitions of Risk, Expert and movement of Project Management by management, direction and control 

(MDC) to Project Management by simplicity, alignment of expertise, language of metrics and 

transparency. 

9. A new risk management model that focuses on the risk that the expert vendor does not control. 

 

The activities of WII7 are responsible for the following impacts of the Best Value Approach (BVA) concepts 

on the delivery of construction: 

 

1. Rijkswaterstaat, the largest user of construction services in the Netherlands, won the 2012 Dutch 

Sourcing Award (DSA) for the successful completion of a $1B infrastructure project called “fast-track 

projects” using BV-PIPS.  

2. NEVI, the Dutch procurement professional organization, has licensed the Best Value technology from 

ASU and has identified the approach as a mainstream approach to the delivery of services, educating 

and certifying procurement professionals in the delivery of construction and other services. 

3. Dutch visionary and author Sicco Santema, and his protégé Jeroen Van de Rijt, published a Best Value 

Procurement (BVP) book, using Dutch test cases to show the BVA technology was compliant with 

European Tender Law (12,000 books sold). Other books (in Dutch) were also published for the 

contractor community.  
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4. RISNET, a Dutch risk management association, licensed the Best Value Approach in order to increase 

the use of the risk-based project management in the construction industry. 

5. W117 BVA certification system was developed, which certifies competence of BV professional 

practitioners.  

6. W117 introduced the BVA into Canada, resulting in $3M research grants for the delivery of construction 

services in 25 different universities and government organizations. 

7. W117/PBSRG Best Value signed a sole source agreement with the National Association of State 

Procurement Officials (NASPO) and their subsidiary, the Western States Contracting Association 

(WSCA), to allow all states to utilize the W117/PBSRG technical expertise by “sole source.” This has 

led to tests in 33 different states.  

8. Introduction of BV into Malaysia in 2012, into the Project Management Master’s Program, led by Dr. 

Fah Choy Chia at Universiti Tunku Abdul Rahman (UTAR). 

9. Introduction of BV into India in 2014 resulting in the noted engineering school, SJCE, adopting the 

curriculum into their engineering school. 

10. Introduction of BVA into Norway in 2014, through the FIR, the construction engineering association. 

FIR translated the Dutch book into Norwegian, going public on June 20, 2016, during a three-day event 

to include the first certification of Best Value professionals in Norway. The first BVA testing occurred 

in 2016 (award made in 2017), with five additional tests scheduled in 2017. The first large BVA 

certification testing sponsored by W117, occurred in 2017 in Trondheim, Norway. Earlier individual 

certifications occurred in 2014 and 2016.  

11. Introduction of BV into Poland with a three-day conference in Krakow in March 2016, with the 

publication of the translated Dutch Best Value Procurement (BVP) book into Polish. The first W117 

sponsored certification training occurred in April 6, 7th 2017 with the licensed Polish BV Foundation. 

The next BVA CIB sponsored training will be in October 2017.  

12. Introduction activities in Switzerland, Denmark, Finland, Hungary, Germany and Saudi Arabia in 2015 

and 2016.  

 

These research efforts have led to the following future research and development opportunities: 

 

1. Development of the language of metrics in the delivery of construction services. 

2. The development of a new risk management and project management models. 

3. Opportunity to test the sustainability of innovation in traditional environments. 

4. Opportunities to test the innovative concepts in different countries. 

5. Opportunity to identify and test the sustainability of testing new theoretical concepts in the industry 

without the traditional extensive academic research literature search and investigations. 

 

W117 has successfully utilized the CIB Platform to impact the construction industry performance worldwide 

with the information based academic research. Its drive to make a difference is to be applauded and this 

Research Roadmap (for consultation) is one more example of its high quality and high impact deliverables.  

 

 
Dr. Wim Bakens 
Secretary General for CIB 

July 2017 
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Towards a CIB W117 Research Roadmap 

 

In 2005, the CIB Program Committee organized TG61 “Benchmarking Construction 

Performance Data,” for the purpose of identifying the performance of the construction 

industry based on performance information or metrics. TG61 produced a report based on a 

comprehensive literature research on the use of performance metrics in the construction 

industry. It identified a lack of impactful research based on actual industry research tests 

(Egbu et. al., 2006). As a recommendation of TG61, the CIB Program Committee 

established a Working Commission, W117, on the Use of Performance Information in 

Construction in 2009, and appointed Dean Kashiwagi (PBSRG) and Charles Egbu 

(Glasgow Caledonian University) as co-chairs. In 2016, Charles Egbu was replaced by 

Sicco Santema (Delft University of Technology). 

 

W117 Objectives and Scope 

 

The objectives and scope of W117 is to document and explore the potential use of 

performance information to improve the state of all stakeholders and their organizations in 

the construction/services industry supply chain. It also includes to change the research 

vehicle and working commission structure to assist W117 to increase the success of 

implementing performance information in the construction industry. This includes: 

 

1. To establish W117/PBSRG as the worldwide center of excellence in both the 

construction and other services industries and in academic research in the documenting 

of case study tests, doing theoretical, prototype testing, and implementation research 

and the testing of performance information to create transparency and the mitigation of 

risk in the construction and other industries.  

2. To identify collaborators who could assist the W117 in documentation, testing and 

research of the use and implementation of performance information in the industry.  

3. To improve the supply chain performance and the performance of all stakeholders in 

the construction industry through research and testing.  

4. To advocate the use of performance metrics in the acquisition and delivering of 

construction work and other services.  

5. To advocate for new approaches to performance metrics that improves the construction 

industry performance.  

6. To study different countries and cultures to identify how the use of performance metrics 

can improve the performance of construction and other services in their respective 

countries. 

7. To document the use, research and testing of performance metrics in the delivery of 

services in the Journal for the Advancement of Performance Information & Value.  

8. To quickly and accurately get the W117 research results to the industry and stimulate 

even more research in the area of performance metrics by utilizing the W117 journal. 

9. To apply different approaches of research to validate outcomes from different angles. 

Approaches include literature search, discussion among the industry and academic 

researchers, and analyzing the opinions of individuals interviewed on the concept of 

using deductive logic and common sense and hypothesis testing. All of which are 

validated by immediate testing in practice.  
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10. To analyze the success of W117 in creating theoretical concepts, testing the concepts, 

implementing the concepts into the industry, and documenting the implementation of 

the test results.  

11. If the speed of implementation of performance information is not meeting W117 

expectations, the W117 objective will include to change the W117 approach by 

modifying the mechanism/structure that W117 is currently operating with.  

12. The changing of the W117 research structure could be to go private instead of 

depending on the university to lead and support the W117 operations. This would be a 

test to change not only the concepts that are being implemented into the industry but 

applying the same concepts to the W117 research structure. This would be identifying 

the performance information concept a recursive concept.  

 

W117 Work Program 

 

The W117 Work Program includes: 

 

1. Conduct research on the use of performance information in the construction industry 

to develop state of the art practices that increase construction performance and value, 

minimize risk and resolve longstanding issues in the construction industry. 

2. Test all visionary information concepts in academic research/industry tests. The use of 

research/industry test results to validate W117 concepts to change the way research is 

perceived by the industry. 

3. Publishing a CIB preferred journal to document the use and impact of performance 

information in the construction industry and quickly disseminate to the industry and 

research community by using open source journal platforms such as Research Gate.  

4. Hold annual CIB W117 meeting, to discuss the latest results of research in the use of 

performance information in construction.  

5. Do CIB W117 webinars, podcasts and post presentations on YouTube to proliferate the 

exposure of the use of performance information concepts in the construction industry.  

6. Attend and participate in international conferences to stimulate expert discussion on 

the use of performance metrics in the construction industry.  

7. Partner with different research groups and industry experts to proliferate research on 

the use of performance metrics.  

8. Educate and run academic/research tests in different countries to the use of 

performance metrics in the delivery of construction.  

9. Hold W117 meetings to assist different countries in implementing performance metrics 

in the delivering of construction services.  

10. Hold meetings with industry stakeholders to help bridge the gap between academic 

research and industry practices and encourage the industry to sponsor academic 

research testing on their own projects. 

11. Generate research funding to do research in the use of performance metrics in the 

construction industry.  

12. Create partnerships with active research groups and the CIB to self-fund CIB W117 

activities and research and can be self-sustainable without CIB funding.  

13. Use the developed information concepts of the Best Value Approach (BVA) 

intellectual property (IP) to modify the structure and research areas of W117.  
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Concluding Invitation 

 

The W117 commission is a leader in innovation. It is the first commission to have a very focused 

goal of implementing academic research/industry testing to impact the construction industry. The 

research is constantly evolving and impacting the direction, scope and speed of evolution of 

performance metrics, transparency, mitigation of risk and the improvement of the supply chain 

stakeholders. However, this is not the only thrust and value of W117. The W117 is looking to 

change the definition of successful and impactful research from traditional academic/industry 

research. It will change what is recognized as valuable and impactful research. This Research 

Roadmap is the latest document, as of June 2018, and will be continually changed in the coming 

years. W117 welcomes all other working commissions and industry visionaries to join in the effort 

towards improving the construction industry. 

 

 

 
W117 Supporters & Staff 

December 2018 
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Introduction 

 

The CIB Secretariat has created a CIB Roadmap (see Figure 1) that will assist the working 

commissions to create their own roadmaps, to become successful, sustainable, focused on a 

strategic plan and assist the improvement of the worldwide construction industry, see Figure 1. 

The CIB research roadmaps provide authoritative guidance and support for national and 

international research bodies and funding agencies. 

 

 
Figure 1: CIB Research Roadmap. 

 

As Figure 1 indicates, creating a CIB 117 Research Roadmap requires the following questions to 

be addressed: 

 

1. Conceptual Framework:  

What are we talking about? This question includes the typical: What are the issues, how 

are these interrelated, what influences all of this, who are the stakeholders, what are the 

relevant areas of expertise, what are the characteristics of relevant systems, processes, 

and technologies? This is addressed in the Conceptual Framework section. 

 

2. State of the Art:  

Where are we today? This question includes: State of technology, best practices, 

international variations, perceived problems and the world’s leading centers of 

expertise. The state of the art is elaborated in the section State of the Art in the 

Utilization of Performance Information. 

 

3. Future Scenario:  

Where do we want to be in five years? The stakeholders’ vision is described in section 

Future Scenario: Where Do We Want to Be in Five Years? 

 

4. Development Strategy:  

This section includes: what is needed in terms of knowledge, information, tools, 

concepts and applications to enable the respective systems, processes and technologies 

to be developed over time? These subjects will be described in the section Development 

Strategy. 
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5. Research Contribution:  

In section Research Contribution, we describe how W117 research contributes to the 

development strategy and what the requirements for research are in order to make that 

contribution. 

 

6. Research Agenda:  

Section Research Agenda concludes with the agenda for W117 research worldwide. 

That will include areas of science and technology development, required sequences of 

development, priorities, international cooperation within the research community, 

cooperation between research and practice. 

 

 

Conceptual Framework 

 

W117 Research Technology: The Use of Performance Metrics in the Construction Industry 

 

The conceptual framework for TG 61 and W117 was created (2005) by co-chair Dean Kashiwagi 

(PBSRG) and supported by Charles Egbu (Glasgow Caledonian University) and later, Professor 

Sicco Santema (Delft University of Technology). Professor Dean Kashiwagi is a researcher in the 

area of performance metrics, the language of metrics and the use of metrics to simplify and 

improve the construction industry performance. He has had research test responsibilities for more 

than 25 years. His expertise is defined by 335 publications, over 2,000 research tests and delivery 

of $6.6B of services. He also has been involved with education and research testing in 13 countries 

(United States, Canada, Finland, Botswana, Democratic Republic of the Congo, Netherlands, 

Malaysia, India, Norway, Poland, Vietnam and China) and 34 states in the United States. This led 

him to being named as an original co-chair of W117 and resulted in the conceptual framework for 

W117 research. Professor Charles Egbu gave W117 tremendous support in exposing the 

performance information technology in the UK academic conferences. Professor Sicco Santema 

has been the latest visionary to support the worldwide effort.  

 

Co-chair, Dean Kashiwagi, has gone through multiple cycles of finding new researchers in the area 

of utilizing performance metrics for the improvement of construction services. The cycles were 

needed because many of the participating researchers, after a certain time period, did not sustain 

or receive enough funding in the W117 research area to stay active in this narrow field of W117 

research. Dr. Dean has been successful in recruiting new W117 members within the same area of 

expertise to replace those who moved on to other research areas. The new members are being 

recruited not only from academia but also from industry, many who are running research tests in 

different countries. The research tests are continually improving and developing the technology of 

performance metrics (Best Value Approach, language of metrics logic called Information 

Measurement Theory, procurement, project management and risk management processes).  

 

Worldwide construction research was mainly focusing on the documentation of problems. This 

included the documentation of Key Performance Indexes or KPIs. However, the research 

community has failed to show how the KPIs increased the performance of construction services. 

For example, many industries use KPIs but do not know how to apply the metrics to improve 
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construction performance. Each country also has their own perception of the cause of the 

construction industry non-performance.  

 

In 1993, ASU/PBSRG identified a potential solution. It had the following unique characteristics: 

 

• Based on deductive logic identified as Information Measurement Theory. 

• Simplification of the environment and creation of transparency. 

• Identification of industry experts who could immediately test the hypothesis. 

• PBSRG maintains a high level of control over the industry tests.  

 

Issues in the Construction Industry Worldwide 

 

Worldwide, the construction industry has had performance issues for the past 30 years. It appears 

to be a low performing industry; clients are unhappy and construction projects do not finish on 

time or on budget and construction companies finish projects at a loss. Over the last 30 years the 

assertions were validated by numerous landmark studies. The first major study was a breakthrough 

study conducted in 1994 by Sir Michael Latham (1994), who identified how significant non-

performance was attributing to the continued failings within construction in the United Kingdom. 

He was one of the first researchers to expose that construction non-performance has been existent 

for the past 30 years. Interestingly, Peter Goff, of the International Project Management 

Association (IPMA), shares a similar argument by identifying that, despite the hundreds of 

millions of dollars invested by private enterprises and government to increase education and 

training of project managers, there has been no major increase in performance to back up its 

validity (Goff, 2014). In all, Latham identified current business practices of management, direction 

and control as the causes of an inefficient environment, and non-performance on construction 

projects (1994).  

 

Due to the continuous efforts of resolving construction non-performance, the industry was still not 

improving. In 1997, the United Kingdom commissioned John Egan to develop a task force to 

perform another study on the performance of the industry. Like the first study, Egan identified a 

lack of leadership in business practices and integration of standard processes and teams (Egan, 

1998). Although both studies have motivated industry and academia to improve the industry 

performance, the construction industry has seen minimal improvements moving into the 2000’s to 

present day (Chikuni & Hendrik, 2012; Oyedele et al., 2012; Georgy et al., 2005; Bernstein, 2003). 

  

The construction industry has continued to struggle in the 2000s, though some improvement has 

been documented. The UK, from 2000 to 2011, saw an increase in customer satisfaction from 63% 

to 80%, but its projects were still only completing on time 45%, and met budgets 63% of the time 

(UK, 2011). In the U.S., productivity has decreased by 0.8% annually (Adrian, 2001). Construction 

companies have the second highest failure and bankruptcy rate of 95% (Associated General 

Contractors, 2006). Over 90% of transportation construction jobs are over budget, and almost 50% 

of time is wasted on job sites (Lepatner, 2007). 

 

According to a recent Construction Industry Institute (CII) study published in 2015, 2.5% of 

projects are defined as successful (scope, cost, schedule, and business), 30% of projects completed 

within 10% of planned cost and schedule, 25 to 50% is wasted due to coordinating labor on a 
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project, and management inefficiency costs owners between $15.6 and $36 billion per year 

(Lepatner, 2007; PWC, 2009; Yun, 2013). 

 

In 2008, TG61 did a comprehensive literature review of all research efforts worldwide to identify: 

 

1. Research groups who identified the issue of construction nonperformance and ran 

academic/industry research tests to confirm their hypothesis. 

2. Research groups who ran repeated academic/industry research tests to validate their 

hypothesis to increase construction performance. 

 

The study filtered through more than 15 million articles and reviewed more than 4,500 articles. 

The study found only 16 articles with documented performance results. The Best Value Approach 

(BVA) was one of three construction methods found in those articles, and the Best Value Approach 

was found in 75% (12 of 16) of the articles (Egbu, et al., 2008; Michael, et. al., 2008). The BVA 

was identified as the only research concept with repeated performance metrics. 

 

For the past five years, W117 has been attempting to identify all construction delivery systems 

with documented performance information. W117 has sifted through hundreds of papers, websites, 

and personal industry contacts, and found similar results to the first study. Thus far, the only 

approach with documented performance is the BVA and PIPS. (Thomas, and Napolitan, 1995; 

Odeh, and Battaineh, 2002; Hsieh et al., 2004; Assaf, and Al-Hejji, 2006; Arain, and Pheng, 2006; 

Lo et al., 2006; Sambasivan, and Soon, 2007; Al-Kharashi, and Skitmore, 2009; Mahamid, et al., 

2011; PBSRG, 2016)  

 

In one promising study, Sanvido and Konchar identified that the design-build approach was 

significantly better. However, five years later, a follow-up and more comprehensive study 

identified that there was no significant evidence that one approach was better to any of the other 

approaches (Leicht, 2015; Konchar, 1998). 

 

A conceptual framework was proposed by Kashiwagi (1991) that has remained as the foundation 

of the efforts of W117 (Figure 2).  

 

 
Figure 2: Conceptual framework of the construction industry structure. 
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The Construction Industry Structure identifies the following: 

 

1. Poor performance is caused by owners using management, direction and control 

(MDC) to minimize the risk of construction nonperformance. 

2. Risk is caused by non-expert stakeholders and not contractors (over 90% of all project 

cost and time deviation (US Army Medical Command study, State of Minnesota study 

and Rijkswaterstaat fast track projects)). 

3. Risk cannot be transferred by means of contracts. 

4. When MDC is utilized to mitigate risk; risk, cost and nonperformance increases. 

5. High-performing construction is delivered by utilizing construction expertise instead 

of MDC. 

 

W117 has proposed the following to the construction management research community and the 

construction industry based on research test results (Kashiwagi J., 2013; Kashiwagi, D., 2016; 

PBSRG, 2016): 

 

1. The owner or buyer of construction is one of the biggest sources of risk in the delivery 

of nonperforming construction. 

2. Management, direction and control (MDC) by the owner to minimize the risk of 

construction nonperformance is a major source of nonperforming construction. 

3. The lack of utilization of construction expertise by the owners of construction is a 

resulting problem. 

4. The lack of the quantification of construction problems using performance metrics has 

resulted in the construction nonperformance being a stubborn and lingering problem. 

5. There is confusion in the construction industry on the source of construction 

nonperformance.  

 

W117 conceptualizes the current problem of construction nonperformance with the following 

characteristics: 

 

1. The construction academic researchers and industry sees the industry as being too 

complex and has difficulty simplifying the problem and potential solutions. 

2. Because of the lack of understanding of the construction industry non-performance, it 

is very difficult to identify the problem, devise a system/approach to solve the problem, 

and run tests to validate the proposal.  

3. The industry perceives that the problem is a technical problem and is therefore looking 

for technical solutions such as BIM to solve their problems. W117 research has 

identified the problem as a non-technical problem, and more related to the supply chain 

and humanistic characteristics of the supply chain stakeholders.  

 

W117 proposes to solve the problem by using: 

 

1. Deductive logic, natural laws, transparency and simple concepts. 

2. Utilizing expertise to lower cost and improve quality.  

3. Creating transparency by creating simplicity using the language of metrics. 
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4. Creating simplicity by changing the definition of risk as what an expert does not 

control, changing the project management and risk management model (utilizing a 

weekly risk report (WRR) and Director’s Report. 

 

W117 research test results over the past twenty years has validated the following concepts: 

 

1. When transparency is created, there a very few disagreements between stakeholders.  

2. When an expert has a plan that includes the functions of all stakeholders, the 

stakeholders do much better in minimizing the risk that they would normally maximize. 

3. When performance metrics are used, there is minimal discussion on someone’s level 

of expertise.  

4. An expert who knows what they are doing should always have a lower price than a 

non-expert. Therefore, the objective is to hire an expert who can lower project costs. 

 

A study was performed, identifying that the Best Value PIPS was the only delivery system with 

the concept of no-control or minimizing management, direction, and control (Kashiwagi J., 2013). 

This research also documented the potential impact that implementing the concept of no-control 

could have on the delivery of construction services (Kashiwagi J., 2013). The study involved 31 

construction and non-construction services, among 5 different major buyers in the U.S., comparing 

the performance of the project when delivered with the Best Value no-control concept and with 

the traditional management, direction and control techniques (see Table 1). It found the following: 

 

• Cost of services decreased on average by 31%. 

• Suppliers were able to offer the buyer 38.5% more value, totaling up to $72.76M. 

• The average customer satisfaction of the service being provided increased by 4.59 points on a 

1-10 scale (134% greater than the traditional customer satisfaction rating).  

 

Table 1: Traditional Model vs. Best Value Model. 

Overall Comparison  
Criteria Traditional Best Value 

# of Outsourced Services 31 31 

Cost of Services $274,480,342 $189,001,943.00 

Added Value - $72,762,248.60 

Average Customer Satisfaction 3.43 8.02 

 

 

State of the Art in the Utilization of Performance Information 

 

PBSRG, Kashiwagi Solution Model (KSM) Inc. and W117 have been developing the use of 

performance information in the construction industry for the past 26 years. However, the center of 

research and development has been PBSRG under the leadership of Dr. Dean Kashiwagi. As 

documented in the TG61 and WC117 documents, it is the IP and constant development of the BVA 

IP which makes W117 research unique.  
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The state-of-the-art practices, which is the most licensed intellectual property (IP) technology 

developed at Arizona State University (licensed by Skysong Innovations, the licensing arm of 

ASU) include: 

 

1. Using the Best Value Approach (BVA) to deliver construction services which results 

in a very high level of performance. This includes the use of the Performance 

Information Procurement System (PIPS) and the use of the Performance Information 

Risk Management System (PIRMS). PIPS has three major phases: Selection, 

Clarification and Execution. PIRMS uses the low-bid award system as the selection 

phase, but the clarification and execution phases are identical.  

2. The use of the language of metrics to create transparency. The language of metrics 

minimizes misunderstandings through unified coding. 

3. The identification that risk is caused by non-expert stakeholders. Risk cannot be passed. 

Risk must be mitigated. Performance metrics are used to explain risk to non-experts, 

thus leading to risk mitigation. 

4. The use of Information Measurement Theory (IMT) and the Kashiwagi Solution Model 

(KSM) to understand human nature, predict future human behavior and utilize these 

technologies in the selection and alignment of human resources in construction 

services. 

5. The optimization of construction resources using a structure that assists in the 

optimization of expertise by creating an environment of transparency. 

6. Continuous learning from tests and new versions of the methodology. The cycle of 

learning keeps speeding up as more countries and academics/practitioners are joining 

the effort. 

 

The W117 sponsored journal “Advancement of Performance Information and Value” captures the 

latest developments in the use of performance information in the construction and other industries. 

W117 also keeps a database of published papers in the area of performance information. The W117 

committee members are constantly experimenting by using the BVA in new environments 

(including different industries and countries).  

 

The technology of the Best Value Approach (BVA) is licensed by Arizona State University to 61 

organizations and is used by supply chain stakeholders (owners, designers/engineers, facility 

managers, contractors, subcontractors and material suppliers) and academic researchers.  

The BVA has led to a new project management model, a new risk management approach (risk can 

only be mitigated and not transferred) and a new definition of an “expert” who uses a leadership 

approach (no influence, minimized decision making, and creating transparency) to optimize the 

supply chain results. The implementation of these concepts has been challenging. These concepts 

require more and increased accurate test results and documentation. What may be challenging to 

construction industry stakeholders is the concept that the BVA IP technology is recursive and 

defines itself.  

  

The CIB W117 “Performance Information in Construction” working commission, is led by the 

creator and founder of the BVA (Dr. Dean Kashiwagi) and includes the worldwide experts in both 

academic research and construction industry practice in the area of using performance metrics in 

construction projects. W117 is constantly looking for new countries and contributors (both in 



W117 Performance Information in Construction: 2018 Research Roadmap Report  

~ 23 ~ 

practice and in academia) who understand the Information Measurement Theory (IMT) and urge 

them to participate with W117.  

 

The case of the Netherlands adoption of the BVA took the last ten years. These years included the 

usage of BVA by Rijkswaterstaat on the $1B U.S. fast track road construction projects, the 

acceptance of BVA by NEVI (Dutch professional procurement group) and the publishing of the 

first Dutch Best Value Procurement (BVP) book (by Jeroen van de Rijt and Sicco Santema). This 

book showed that the methodology was compliant with the European Tender Law. Up to 2016, 

the book is in its third edition and more than 12,000 copies of that book have been sold in the 

Netherlands. As an example of continuous development, the fourth edition of the book will be 

published in 2017, adopting all the latest insights. 

 

In the Netherlands the widespread application of BVP has resulted in the following challenges: 

 

1. Ensuring that the new paradigm is being understood by new practitioners. 

2. To ensure proper documentation. 

3. To ensure that the contractors/vendors understand the BVA. 

4. How to educate the supply chain fast enough to keep up with the demand of Best Value 

services.  

 

W117 is now faced with the challenge of how to proliferate the BVA in the other European 

countries. Currently BVA has been moved into Norway and Poland, having the Dutch Best Value 

Procurement (BVP) book translated into Norwegian and Polish. The BVP label may have set the 

BVA effort back due to the misunderstanding of the value of the performance metrics that defines 

the expert vendor’s own performance. The BVA has also been exposed to Switzerland, Denmark, 

Finland and Germany.  

 

The proliferation into other European countries is through the Dutch and European professional 

engineering groups (in construction) who have observed that their expertise is not being utilized 

by owners. The Dutch Rijkswaterstaat organization is also exposing the BVA to other 

infrastructure organizations of other European countries. Also, other consultant organizations 

exposed to the BVA in the Netherlands and licensed through ASU, are moving it to other European 

countries where they do business. 

 

 

Future Scenario of W117: The Next Five Years (2018 – 2023) 

 

The worldwide competitive marketplace is moving toward automation and information systems. 

The major user of automation is the country of China. Once the user of low-cost labor, the 

inconsistent results caused by people have forced China to become the world’s foremost user of 

automation. This type of competition is forcing the optimization of supply chains (lower costs and 

higher performance). W117 has been the leader in the documentation of performance information 

research and how to utilize the performance information to increase project performance in the 

CIB.  
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Dr. Dean Kashiwagi (co-chair) has identified a very aggressive course of the next five years of 

W117 to address the following: 

 

1. Make the current academic/industry research structure more efficient and effective. 

2. Create a research structure that takes the information to the industry through a more effective 

website, presentations and satellite sites. 

3. Create transparency through easy and fast access of information.  

4. Change the education/training path to the industry by exposing the information environment 

to the future generation before they enter the industry.  

5. Change the supply chain to take advantage of a more automated risk management and project 

management model utilizing the theoretical definitions of experts, risk, risk mitigation and 

project management. Although these concepts were previously identified by W117 research, 

implementation in the industry has been challenging.  

 

This approach automates the W117 structure and automate the BVA IP technology to make the 

performance information usage much more successful. By solving both problems by using 

performance information, W117 will propose that the performance information or BVA IP is 

recursive, and information is recursive in nature. The data which when analyzed normally identify 

the equation, will actually be used to replace the equation and thinking and decision making that 

goes along with the analysis.  

  

W117 Development Strategy 

 

The traditional academic research model for the past 25 years has been where academic research 

analyzes industry practices and publishes the analysis in academic journals (see Figure 3). The 

research normally takes 4 – 10 years to create the journal publication. University professors 

normally participate in a funded system such as the National Science Foundation (NSF), 

Department of Transportation and other federal grant programs, Construction Industry Institute 

(CII) or smaller institutes such as the Design Build Institute of America (DBIA), Associate General 

Contractors (AGC) or other funding group. Researchers then propose on needs of the industry and 

must continually find and receive grant opportunities to sustain their research. The traditional 

research professor’s success depends on the ability to accomplish the following: 

 

1. Get involved with the granting organizations. 

2. Write proposals in the area of industry interest. 

3. Be successful in winning a couple of grants. 

4. Be promoted to academic administration positions such as director of research, department 

chair, or dean of the college and manage other young researchers. 
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Figure 3a: Traditional Academic Research Model 

 

Academic researchers rarely get the opportunity to become experts in solving industry problems. 

They cannot drill down into problems and become industry experts. This role is normally left to 

industry consultants who have the experience to solve industry issues. Academics attempt to 

differentiate between research and consultation. They have created silos (see Figure 3b) and have 

concluded that research is more valuable than consultation. 

 

 
Figure 3b: Traditional Academic Research Model (Silo-Based). 
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was a research/industry expert (25 years, $17.6M funding, 2,000 tests delivering $6.6B of 

construction and other services, 9 different countries, and 62 intellectual property (IP) licenses (the 

most licensed IP developed at ASU), and 360 refereed journal papers, books, and conference 

presentations). He aligned his expertise with the Performance Based Studies Research Group 

(PBSRG) at Arizona State University, the W117, and the IP of Information Measurement Theory 

(IMT), the Best Value Approach (BVA) and the Performance Information Procurement System 

(PIPS).  

 

However, the inefficiencies of the academic research community (high overhead of university 

grants, the bureaucratic assignments of the university administration and complex rules of research 
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moved the financial support of PBSRG and leading W117 to KSM (a research consulting 

organization). It is the first Working Commission in the CIB that is being led by a private sector 

researcher and research group that has a foundation of concepts that were developed under the 

umbrella of the CIB. To make this model successful, W117 is attempting to make the following 

changes:  

 

1. Create a new structure where W117 researchers have full access to the IP and can educate and 

train others (see Figure 4).  

2. Form an international board of industry experts for BVA IP certification to proliferate and 

development of the technology of performance information (see Figure 5).  

3. Increase exposure into more countries by presentations, website, and publications through the 

creation of an international board of experts in using performance information and the BVA 

(Figure 5). 

4. Increase the number of W117/PBSRG satellite sites that proliferate the technology through 

licensed and certified educators (see Figure 6).  

5. Utilize Arizona State University intellectual property (IP) licensing to maintain successful 

implementation of the IP technology transfer. 

6. Combine “research” and “consultation” to do a mixed methods approach which assumes that 

the construction industry after 60 years of research and practice, have not understood the major 

source of the problems in construction, risk and project management (see Figure 7).  

7. Minimize the time to publish industry test findings and to immediately “put the information 

on the street” using free access, public website platform (W117 Journal and Research Gate 

open platform website) (Figure 8). 

8. Test the BVA IP concepts on K-12 (high school students) to prove that the information concept 

is recursive and can not only be used to solve the industry problems, but also optimize the 

future generation of professionals’ comfort level with automation and information systems (see 

Figure 4, 9).  

9. Implement the testing of BVA IP technology concepts into K-12 grades high school students 

to prepare the next generation for an information based and fully automated systems 

environment (Leadership Society of Arizona (LSA)). Implementation of the W117 IP 

Concepts (see Figure 9).  

 

 
Figure 4: W117 Research Pipeline. 
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Figure 5: International W117 BVA Board. 

 

Figure 6: Licensing and Distribution Pipeline. 

 
Figure 7: W117 New Research Environment 

Utilizing Actual Industry Testing. 

 

 
Figure 8: W117 and Research Gate Performance. 

 

 
Figure 9: Changing the Education Training Model. 
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W117 research has identified the following challenges in the implementation of BVA concepts: 

 

1. In the Netherlands, the W117 research activity led to the Best Value IP becoming the 

mainstream procurement approach. It led to multiple Best Value Procurement (BVP) 

publications and papers. However, the implementation of the BVA clarification phase and the 

Weekly Risk Report (WRR) have not met expectations.  

2. The Best Value Procurement hybrids have become an issue.  

3. The concepts of minimized thinking and decision making in the delivery of services has shown 

to be difficult to implement. 

 

W117 Research Contribution 

 

As a result of the Dutch experience with the BVA, the following concepts will be redefined, 

simplified, implemented/tested and retaught to the industry:  

 

1. Move the emphasis from using the BVA technology (performance information) in the 

procurement function to the project management function (see Figure 10). 

2. Semi-automate the procurement function by removing need to think or process and make 

decisions (see Figure 10). 

3. Change the project management model from a management model to a leadership model. 

Remove management, direction and control from the current project management model (see 

Figure 11). 

4. Redefine risk in simple terms that were previously identified in the Information Measurement 

Theory (IMT) (see Figure 12). 

5. Redefine the definition of an expert to concur with the BVA definition (see Figure 13). 

6. Minimize risk and cost by using performance information instead of competition and MDC 

and negotiation (see Figure 14).  

7. Redefine performance information to “machine language” definition (countable and 

observable or can be verified by robotics) (see Figure 15). 

 

 

 

Figure 10: BVP to BVA. Figure 11: Traditional PM Model vs. New PM Model. 
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Figure 12: Risk Transfer vs. Risk Mitigation. 
 

Figure 13: Non-Expert vs. Expert. 

  

  
Figure 14: Maximization vs. Minimization of Risk and 

Cost. 

  
Figure 15: Traditional vs. New Definition of 

Performance. 

 

W117 will link the past/traditional approaches (procurement, project management and risk) with 

the future approaches (automation, minimized human thinking and decision making and 

identification and utilization of expertise and metrics which are observable and countable). W117 

is the only organization that has published work on BVA development and has the expertise to 

link the past BVA concepts to the future concepts that align with automation and information 

systems. W117 was organized around the expertise of its founder Dean Kashiwagi. As successful 

as W117 has been in identifying performance, improving performance, and documenting 

performance, W117 has perceived that a part of the problem in getting to change the industry may 

be the academic research model itself.  

  

The new W117 research structure eliminates the bureaucracy and limitations that slow down the 

academic model. In the traditional academic model, research institutions collect data from industry 

projects, but the data is never applied to industry solutions (see Figure 3). Instead, institutions use 

the data to write publications with the goal of gaining more research funding. This process involves 

lengthy review stages and publication restrictions. The goal of the academic-centric model is to 

receive recognition from highly-praised academic sources.  

 

The new W117 Industry-Centered model subverts the traditional publication process (see Figure 

3a). Research data is taken directly from applied projects where it is rapidly published online and 
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shared with industry stakeholders. This model creates a transparent flow of information between 

researchers, educators, and industry leaders. This model accomplishes more than publications, its 

goal is to improve industry performance.  

 

This model achieves the following: 

 

1. Minimizes time to publish research findings on the street using W117 journal and free access, 

public website platform (see Figure 7). 

2. Form international board for BVA certification to proliferate the technology and increase 

exposure to more countries by presentations, website, and publications (see Figure 5). 

3. Increases the number of W117/PBSRG satellite sites that proliferate and maintain technology 

performance through Arizona State University intellectual property (IP) licensing (see Figure 

6).  

4. Implements the BVA technology into the education cycle to prepare the younger generation 

for information based and fully automated systems (see Figure 9).  

 

 

Accelerate the Change in the Industry Supply Chain Structure to Overcome Industry 

Challenges 

 

The W117 information technology research implements critical changes in the supply chain 

structure that can increase project performance. The change in the supply structure has the 

following facets: 

 

1. Semi-automate the procurement function and transition to a project management focused 

model (see Figure 10). 

2. Redefine project management focus from a management model to a leadership model. 

3. Redefine risk management (see Figure 12). 

4. Clarify the definition of an expert (see Figure 13). 

5. Minimize risk and cost by using performance information instead of competition and MDC 

and negotiation (see Figure 14). 

6. Redefine performance information to “machine language” (countable and observable or can 

be verified by robotics) (see Figure 15). 

 

The newest BVA model will be created by semi-automating the procurement model and putting 

emphasis on the project management model which will also be a semi-automated model using the 

Weekly Risk Report (WRR) in the BVA model. The WRR will be the structure for the new, 

leadership-based project management.  

 

The previously identified terms “expert”, “risk”, and “risk mitigation” will be documented in 

publications. Experts are defined by personnel who minimize their thinking, decision making and 

can see into the future from the beginning to the end of a project (see Figure 12).  

Valid performance information minimizes thinking and decision making. If performance 

information must be analyzed, BVA does not define it as useful performance information.  
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W117 Research Agenda 

 

The five-year agenda for the W117 will include the following: 

 

1. Change the structure of W117 (see Figure 4). Take the leadership and operation participants 

from a university platform to a private sector platform. Create a structure of international 

experts who are vested in the theoretical area of performance information and the Best Value 

Approach (BVA). Use the information approach to optimize W117.  

2. Have the private organization based W117 identify experts, researchers and university 

participation.  

3. Move primary focus of W117 and research to project management instead of procurement. 

Identify a project management platform to change the traditional management, direction and 

control (MDC) PM approach to a leadership-based PM approach that aligns and uses 

information systems.  

4. Increase the number of publications and decrease the time to publish the performance 

information technology. Make all publications from the W117 journal to the open platform 

Research Gate (see Figure 8). Continue to double the reads, citations, and research followers. 

5. Redefine the terms information, transparency, expert, risk and risk mitigation. 

6. Increase the number of presentations of the information based intellectual property worldwide 

by industry experts. 

7. Move into other industries such as services and education to implement the concepts of 

performance information to optimize the industries.  
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The Chinese construction industry (CCI) has grown to be one of the largest in the world within 

the last 10 years. The size of the CCI is on par with many developed nations, despite it being a 

developing country. Despite its rapid growth, the productivity and profitability of the CCI is low 

compared to similar sized construction industries. In addition to the low efficiency of the CCI, 

the minimal documented performance information collected, shows projects being completed 

over budget, over the scheduled time, with poor quality of work. A literature research was 

performed on other developing countries similar to the CCI, to identify if there were any solutions 

that had been proven to improve the productivity and performance of a construction industry. It 

was found that Vietnam, The Kingdom of Saudi Arabia and India were the closest to China with 

enough documentation on their construction industry. Both countries identified the Best value 

Approach (BVA) as the only solution with documented performance showing it could solve the 

issues developing countries face with their construction industry. This paper proposes that more 

research should be performed looking into the ability of the CCI to implement the BVA.  

 

Keywords: Literature search, Risk, Best Value, China, International.  

 

 

Introduction 

 

China Construction Industry 

 

In the last 10 years the Chinese economy has been the fastest growing, and one of the largest in 

the world. Recent statistics have shown China’s gross domestic product (GDP) increased from 

$4.6 billion in 2008 to $12.2 billion in 2017, making China the second largest economy in the 

world (Liu et al., 2012; Trading Economics, 2017). Compared to developed countries, it has 

surpassed their growth by more than 4 times in many cases. Table 1 shows the difference 

between China’s GDP growth and the developed countries. China’s GDP has grown 144% in the 

last 10 years. Compared to other developed countries, the GDP growth of China is three times 

that of South Korea and six times the U.S. Meanwhile, some developed countries’ GDP 

decreased. For instance, the GDP of Japan and Canada respectively dropped 20.3% and 17% 

from 2007 to 2017 which were the highest decreases in GDP of developed countries. France’s 

GDP also dropped 15.3% at the same time. As a developing country, Russia’s GDP dropped 

42% for last 10 years (Trading Economics, 2017), which is another strong evidence that China’s 

economy is becoming stronger and contributing more to the international economic stage.  

 

 

 

 

 



Risk Factors and Potential Solutions for the Construction Industry in China 

~ 35 ~ 

Table 1: GDP Growth Comparison of Developed Countries vs. China. 
Country GDP growth in last 10 years (2007-2017) 

China 144% 

South Korea 41% 

U.S. 27% 

Australia 23% 

U.K. -8.40% 

France -15.70% 

Canada -17% 

Japan -20.30% 

Russia -42% 

 

When compared to developing countries, China still has the fastest growing GDP. Table 2 shows 

the comparison between China’s GDP growth and other developing countries. The next fastest 

growing countries are Vietnam (GDP growth is 107%) and India (GDP growth is 91%) (Trading 

Economics, 2017). 

 

Table 2: GDP Growth Comparison of Developing Countries and China. 
Country GDP growth in last 10 years (2007-2017) 

China 144% 

Vietnam 107% 

Mongolia 99% 

India 91% 

Indonesia 83% 

Saudi Arabia 76% 

Philippines 75% 

Thailand 74% 

Oman 33% 

Bahrain 24% 

Turkey 15% 

 

Along with this economic growth, the Chinese construction industry (CCI) has also grown to be 

one of the largest in the world (Cook, 2013). China has done this by spending the most amount 

on construction compared to other developed and developing countries on average (ENR, 2005). 

The CCI’s contribution to the overall GDP increased from 3.8% in 1978 to 6.7% in 2016 (Liu et 

al., 2012; Chinese Construction Statistical Analysis, 2016)). The size of the CCI is on par with many 

developed nations, despite it being a developing country. Table 3 shows the ratio of construction 

GDP over Annual GDP from different countries including developed countries and developing 

countries. The average ratio of construction GDP among countries is 3.2%, which the U.S. 

construction industry’s contribution to the GDP is 3.5% and Australia is 2.1%. The only Asian 

country which has a construction industry that contributes to the GDP comparable to the CCI is 

Japan. However, Japan being a developed country, it uses its construction industry as a control 

mechanism and support for its overall economy. When looking at Japan’s overall GDP and its 

construction GDP, it can be observed that when the overall GDP went up, the construction GDP 

went down at the same time. The same is true for the opposite, when the overall GDP went 

down, the construction GDP would increase. For Japan they use construction to boost their 

economy in times of economic decline.  
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Table 3: The ratio of construction GDP over annual GDP of different countries. 
Country Construction GDP / Annual GDP 

China 6.60% 

Canada 6.50% 

Japan 5.20% 

Vietnam 4.40% 

U.S. 3.50% 

Australia 2.10% 

Russia 1.80% 

SEA Average 1.70% 

U.K. 1.40% 

France 1.20% 

India 1.20% 

South Korea 1.20% 

Average 3.20% 

 

Comparing the CCI GDP’s growth rate to the U.S., the U.S.’s construction GDP declined by 

20% in last 12 years (Trading Economics, 2017). Other research identifies that China’s 

construction industry spending growth rate is higher than the U.S., and Eurozone countries 

[Global Construction Outlook, 2013]. For the international market participation, one research 

shows that China ranked No.3 within the construction global market in 2013 (Global 

Construction Outlook, 2013). It was the only developing country to compete with developed 

countries.  

 

China Performance Information 

 

Despite the CCI’s rapid growth and its importance to the country’s economy, the productivity 

and profitability of the CCI is low compared to similar sized construction industries. The CCI 

faces many issues dealing with its performance. One set of research findings stated that 

compared to the U.S. construction industry, the CCI employed 31 times more people and the 

average output per person is only 5% of U.S.’s workforce and 6% of output of the average 

Japanese workforce. Although CCI spends more than the U.S., it still delivers 23 times less 

construction services than the U.S., which shows the major issue the CCI deals with in regard to 

their low productivity and inefficiency (Xu et al., 2005; Zhang et al., 2008).  

 

Currently the CCI does not have a lot of information on construction performance. A preliminary 

literature research revealed that there is no documentation on the CCI’s overall performance 

published. There were only a couple of studies performed that found performance information on 

construction projects in China. One study researched stakeholder satisfaction. It found that out of 

200 construction projects in China in 2005, 24.3% had violated related regulations and only 13% 

could be ranked as “good quality” (Zhang et al., 2008). Another research found that in 2005, 

only 12.85% of 515 government projects in Shenzhen and Hong-Kong completed within the 

schedule completion date (of the projects delayed the average delay was 21.34% over the 

original schedule). Also, in 2004, 73% of 30 government projects reported being 20.3% over the 

original budget (Zhang et al., 2008).  
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Research identified that the CCI has the following characteristics, which includes: 

 

1. Important component for China. CCI is a large component of country’s GDP.  

2. Productivity and Efficiency is poor. 

3. Large international market share. 

4. Perceived performance issues, but little documentation of actual performance and quality. 

 

 

Proposal 

 

The CCI can improve its performance and efficiency through utilizing the advancements in 

construction delivery methods, developed by other countries. Worldwide there has been an effort 

to identify higher performing practices in risk management, project management, and 

procurement. There are many developing countries, where the construction industry has had 

rapid growth and also has been a major part of their development and are facing the same issues 

as China. This aim of this research is to identify the countries that the construction industry is 

most like the CCI and identify ways in which they have found could improve performance and 

productivity.  

 

Methodology 

 

To find ways to develop and improve the CCI the following steps will be followed: 

 

1. Perform an analysis on developing countries and their construction industries (GDP, 

Construction GDP, Corruption Index, Construction GDP Growth, any other dominant 

information) to identify which countries are most like China and the CCI.  

2. Perform literature research on construction best practices and solutions identified by 

developing countries similar to China and the CCI.  

3. Identify solutions which solutions could improve the CCI.  

 

 

Analysis on Developing Countries Similar to China and CCI 

 

The analysis performed, collected the following information on major developing countries in 

Asia: 

 

1. Corruption Index. 

2. Construction GDP. 

3. Construction GDP growth. 

4. Available information on the countries. 

 

The researcher identified 2 websites to research the construction GDP and corruption index of 

the major developing countries in Asia. The first website was the only source available that 

documented the desired information. The second source was used as a verification source.  
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Two sources were used: 

 

1. TradingEconomics (Trading Economics, 2017) 

2. Corruption Perceptions Index 2017 (Transparency International, 2017)).  

 

Table 4 shows the major developing countries and their information. The corruption index score 

of the developing countries were looked at first. The corruption index score goes from 46 to 33. 

The lower the corruption score, the more corruption that the country experiences. Corruption 

score being defined as: Corruption Perceptions Index (CPI). Any developing country within 5-10 

points of China’s score was considered. 

 

Table 4: Corruption Index of Developing Countries. 
Rank Country Score Construction GDP ($) Construction GDP (%) 

62 Saudi Arabia 46 $8.64B 4.8% 

64 Oman 45 $5.94B 8.9% 

70 Bahrain 43 $0.59B 1.8% 

75 Turkey 41 $8.08B 0.9% 

79 China 40 $844B 7.5% 

79 India 40 $35.7B 8.0% 

87 Mongolia 38 $0.22B 2.1% 

90 Indonesia 37 $19.21B 2.1% 

101 Philippines 35 $4.3B 6.2% 

101 Thailand 35 $2.27B 2.5% 

113 Vietnam 33 $1.29B 4.4% 

 

Second, the construction GDP of the considered countries was then looked at. Construction GDP 

is defined as the amount charged by construction companies to customers for the value of work 

(produced during the reporting period) excluding VAT and payments to sub-contractors (Office 

for National Statistics, 2016). China’s construction GDP was $844B, no other country could 

compare with China’s construction GDP. The country with the next highest construction GDP 

was India at $36B. The researcher noted that the magnitude of China’s construction GDP makes 

the country unique from other developing countries. However, to identify countries similar to 

China, the percent the construction GDP contributed to the overall GDP was considered. China’s 

construction GDP contributes 7.5% to the overall GDP. Any developing Asian country that their 

construction GDP contributes more than 4% to the overall GDP was considered. 

 

This narrowed the countries similar to China to only 6 countries (see Table 5). Third, the next 

factor that was looked at was the construction GDP increase over the last 7 years. Table 5 shows 

the construction GDP increase for the 6 countries. One of the issues China faces is that although 

their construction industry is one of the largest in the world, it is relatively young (Zhang et al., 

2008). Many issues arise when an industry grows too quickly. Looking at the growth of the CCI 

over the last 7 years it has increased by 172%. The only country that had a comparable growth 

was the Philippines that increased its construction GDP by 150%.  
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Table 5: Construction GDP Growth of Developing Countries. 

Country 
Construction 

GDP ($) 

Construction GDP / 

Annual GDP 

Construction GDP 

Increase (2010 – 2017) 

Saudi Arabia $8.64B 4.80% 38% 

Oman $5.94B 8.90% 74% 

China $844B 7.50% 172% 

India $35.7B 8% 14% 

Philippines $4.3B 6.20% 150% 

Vietnam $1.29B 4.40% 40% 

 

After this analysis, the 6 countries remained as similar to China and the CCI (see Table 6). The 

fourth and last step was to perform a literature search on these countries to identify which 

countries had enough information on their construction industry to provide potential solutions to 

the CCI. The search included 4 major research databases (ASCE Library, Science Direct, Taylor 

and Francis Online, Emerald Insights), and more than 3200 articles were reviewed to identify 

any information on the construction industries in any of the six countries listed in Table 5. Table 

6 shows the result of the literature research.  

 

Table 6: Analysis to Identify Previous Work of 

Construction Industry in Developing Countries. 
Country Reference of Construction Industry 

Saudi Arabia 45 

Oman 1 

China 46 

Philippines 0 

Vietnam 50 

India 25 

 

The only two countries that had information published and research performed on their 

construction industries was Saudi Arabia, Vietnam and India. Even though the other two 

countries (Oman and Philippines) characteristics were more similar to China’s, they were not 

developed enough to be able to perform research on their construction industry.  

 

 

Literature Research on Vietnam, Saudi Arabia and India Identified a Solution to 

Improving the Construction Industry 

 

Almost 100 papers and publications were found on the Kingdom of Saudi Arabia, Vietnam and 

India construction industries (KSACI, VCI and ICI). These papers reviewed the issues, risks, and 

solutions that the countries have found to be able to improve their construction industries’. The 

literature research into these three construction industries found that all the countries also 

currently suffer from low performing construction services and are seeking for ways to improve 

them. The literature did not identify many solutions that can help improve construction 

performance. However, there was one potential solution identified called the Best Value 

Approach (BVA). BVA was identified by all three countries as a solution that could potentially 

work in improving construction efficiency and performance. The solution met all the 

requirements and constraints of the VCI, KSACI, and ICI (Nihas, 2013; Le, 2017).  
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The BVA was identified as the only solution that had documented performance information 

validating its ability to improve construction performance. It was found that KSACI had five 

Ph.D. candidates all performing research on the BVA (Alzara, 2016; Alofi, 2017; Alhammadi, 

2017; Almutairi, 2017; Alghatani, 2018). In reviewing papers available on an on-line community 

called Research Gate it was found that the BVA Saudi Arabian articles had more than 1852 

reads, showing the interest in the KSACI community (Research Gate, 2018). Vietnam also had a 

Ph.D. candidate that is performing research on its implementation of the BVA (Le, 2017). India 

had a master’s student perform preliminary research on its potential implementation of the BVA. 

All findings from the author was published on the same online community (ResearchGate) and 

has 4,124 reads. What is significant about this is that compared to related research, the next 

highest number of reads has been seen to reach around 400. This also shows a significant interest 

in the Indian community. From the literature research it was identified that five major studies had 

been performed identifying the BVA to be the only model with the potential to help developing 

countries overcome their construction issues. These studies included the following: 

 

1. CIB TG 61 Worldwide solutions to non-performance (Egbu et al., 2008; Rivera, 2017). 

2. PBSRG Project Management Systems Comparison (Rivera, 2017; PBSRG, 2018). 

3. Improving Infrastructure Projects in Sub-Saharan Africa (Monteng, 2016). 

4. Saudi Arabian Classification System research (Alzara, 2016; Alofi, 2017; Alhammadi, 2017; 

Almutairi, 2017; Alghatani, 2018). 

5. Preliminary analysis of implementing the BVA in India (Nihas, 2013) 

 

CIB TG 61 Worldwide solutions to non-performance 

 

A monumental research effort was performed in 2008 (Egbu et al., 2008), by Task Group (TG61) 

of the International Council for Building (CIB), which is now CIB Working Commission W117. 

The research effort investigated innovative construction techniques and systems that used 

performance metrics to increase quality and performance of services. The study involved 15 

million articles and investigated 4,500 of them to ensure a complete search was made. The result 

of the effort identified that only 16 articles had documented that the method had increased 

performance and efficiency. It also discovered that there was only one method that had repeated 

testing to prove that the results could be replicated and that was the Best Value Approach (BVA) 

(at the time BVA was known as the Performance Information Procurement System (PIPS) / 

Performance Information Risk Management System (PIRMS)). The study found that 12 out of 

the 16 (75%) articles found, were written on the BVA.  

 

PBSRG Project Management Systems Comparison 

 

In 2016, The Performance Based Studies Research Group (PBSRG), performed an analysis of all 

the major project management (PM) systems. This effort was headed by Dr. Alfredo Rivera who 

wanted to identify the highest performing project management method. This study performed a 

literature search on all the top PM systems, including: Lean, Six Sigma, Waterfall, Agile, etc. 

The effort involved a literature search of 10,503 articles, from which the researchers reviewed 

more than 800 of them. The results of the study found that although many of the PM models had 

numerous anecdotal testimonies that the model increased quality, decreased time, and decreased 

cost, there was minimal documented evidence showing that the models had impacted the 

https://www.researchgate.net/
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performance of projects. The only PM model that had repeated testing and documented 

improvement of project performance was the Best Value Approach (BVA).  

 

Improving Infrastructure Projects in Sub-Saharan Africa 

 

In 2016, Dr. Emmanuel Moteng performed research through the SKEMA business school 

located in Lille, France, to identify if the BVA could improve project performance and efficiency 

in Sub-Saharan African countries, specifically the Democratic Republic of Congo (DRC). The 

DRC was currently engaged in an effort to try and create a hydro-electric dam in its country that 

would have the potential to create energy for almost all of Africa. The project had multiple issues 

that was causing delays and increased costs. The study analyzed the BVA to see if its approach 

could handle the causes of failure and constraint of the under developed African countries.  

Dr. Moteng through a literature research identified different factors of current project delivery 

systems and factors of the BVA. He then identified the constraints of the DRC and compared the 

current delivery methods to the BVA in which was more suited to the conditions of the DRC. 

The results are showed in Table 7. Dr. Moteng discovered that the current practices were failing 

because they required more management, communication, decision making, and owner expertise, 

which Sub Saharan African countries do not have the capability of supplying. 

 

Table 7: Link between research questions, propositions and methods. 

 
 

To identify how Dr. Moteng’s research is related to the CCI, Table 7 was modified from Dr. 

Moteng’s original version to include a column that identified the CCI conditions. The DRC and 

CCI conditions matched up perfectly, showing that the BVA could not only help the DRC, but 

also the CCI as well.  

 

Saudi Arabian Classification System Research 

 

From 2016-2017 multiple Saudi researchers at Arizona State University performed their 

dissertation research efforts on identifying ways to improve the Kingdom of Saudi Arabia’s 

construction industry (KSACI) and contractor classification system. Their studies showed that 

the KSACI had been delivering poor performing construction services for more than the last 10 
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years. The research also discovered that the current contractor classification system (CCS) also 

was not able to ensure that the government was receiving high performing construction services.  

Dr. Saud Almutairi performed a literature searching 80 countries to identifying all of the CCSs 

being used. Out of the 80 countries he found that only 8 countries used a CCS. He also 

discovered that none of the CCSs had a way to continually track contractor performance over 

time. The only system that had showed a capability to regulate the performance of contractors 

over time was the BVA. From this research the KSACI used the BVA principles to help reshape 

the Kingdom of Saudi Arabi’s CCS.  

 

Preliminary Analysis of Implementing the BVA in India 

 

In 2013, Syed Nihas performed research at Arizona State University as part of his Master’s 

Thesis, to identify the state of the construction industry in India and identify if the BVA could be 

implemented despite how diametrically opposed its characteristics are compared to the 

traditional culture of India. Syed Nihas, through a literature research and survey of 136 number 

of contractors in India, identified the construction industry possesses characteristics that are 

similar to those of DRC, Saudi Arabia and Vietnam such as the industry is owner-centric, uses of 

management, direction, and control approach to risk, silo thinking, and increase of decision 

making (Nihas, 2013). 

 

He identified that in order to implement the BVA the following structure would need to be setup:  

 

1. Identify visionaries in the construction industry that want to run testing on the BVA to 

identify impact (visionaries include owners, educators, stakeholders in the supply chain). 

2. The representatives must be identified through education and presentations. Visionaries are 

susceptible to deductive, simple, 30K foot, supply chain approach.  

3. Identify a local university that can set up a research hub to sustain research effort of 

conducting tests and documenting results. 

4. Industry representatives and educators must work together. 

5. Run small tests, document and publish results in journals. 

6. The tests must be presented to the industry.  

7. Repeat the cycle.  

 

Since his study, over 8 presentations have been given to Indian construction industry leaders on 

how to deliver services more successfully. An engineering university has been potentially 

identified as the post to set up BVA research and testing, but it is currently being developed.  

 

Literature Research Conclusion 

 

The Best Value Approach was the only solution that Vietnam, Kingdom of Saudi Arabia and 

India identified as a method that could help improve their construction industry performance. 

The major studies and references that these countries found to support this conclusion involved 

researching thousands of papers and analyzing delivery, project management, and contractor 

classification systems. The only solution that both countries identified as a potential solution to 

their issues have been the Best Value Approach (BVA).  
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Best Value Approach 

 

The “Best Value Approach” is licensed by Arizona State University’s intellectual property (IP) 

licensing arm, AzTech. The BVA is the most licensed IP (60 licenses over 25 years) developed 

at the most innovative university in the U.S. (identified as the most innovative university for the 

past four years) by the U.S. News and World Report (ASU News, 2018). It has been tested over 

2,000 times delivering over $6.6B of services in ten different countries (PBSRG, 2018). 

The Best Value Approach was developed by Dr. Dean Kashiwagi at Arizona State University in 

1991 for his dissertation research. Over the last 27 years the Performance Based Studies 

Research Group, has been testing the BVA continually and documenting its results. The testing 

has led to modifications in the BVA that have improved project results and made it easier to 

implement. 

 

The BVA utilizes performance information to identify expertise through a competitive process, 

then allows expert vendors to plan a project from beginning to end and create transparency by 

using a simplified milestone schedule to track project time and cost deviations. The entire 

process minimizes the professionals’ thinking and decision making, allowing the expert vendors 

to minimize cost by 5 – 30%, and minimizing vendor caused time and cost deviations to under 

1% (PBSRG, 2018). 

 

The BVA has three main phases (selection, clarification, and execution) (see Figure 1). It can 

also perform a pre-qualification phase, but it is optional. The three phases cover the main project 

delivery activities, such as, procurement, negotiations, contract creation, project management, 

and risk management. This enables the BVA to help in the entire project delivery process. 

What makes the BVA unique is that it is the only project delivery method that minimizes the 

need for the owner to have any technical expertise or responsibility for the project, while still 

ensuring the vendor is accountable for delivering a high performing product. It does this through 

creating a structure that can first select the contractor with the highest level of expertise. It then 

requires the expert to perform the work without any management from the owner/buyer. 

However, it also requires the vendor to justify their schedule, cost, and how they will do the 

work, in a way that the owner/buyer can understand and approves of.  

 

 
Figure 1: PIPS Phases. 
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There have been many professionals that have expressed concerns with the system and do not 

believe that a vendor can be given control of a project and deliver high quality services and think 

in the best interest of the owner/buyer. However, the results of the BVA has identified that it not 

only improves performance, but also increases the value the owner/buyer receives. A research 

study was performed on the Best Value Approach by Dr. Jacob Kashiwagi at Delft University of 

Technology, out of the Netherlands (Kashiwagi, 2013). The research involved 5 different major 

buyers in the United States (Arizona State University, State of Idaho, University of Idaho, 

Schering Plough (now MERCK), and the State of Oklahoma), and involved 31 projects (30 

different types of services). The study documented the results of the projects when the service 

was delivered using traditional models. The results of the service were also documented when it 

was delivered through the BVA. The study found the following (see Table 8): 

 

1. Cost of services decreased on average by 31%. 

2. Suppliers were able to offer the buyer 38.5% more value, totaling up to $72.76M. 

3. Average customer satisfaction of services provided increased by 4.59 points on a 1-10 scale 

(134% greater than the traditional customer satisfaction rating). 

 

Table 8: BVA Project Delivery Results Compared to Traditional Model Results. 
  Overall Comparison  

Criteria  Traditional BVA 

# of Outsourced Services 31 

Cost of Services $274,480,342  $189,001,943  

Added Value - $72,762,248  

Average Customer Satisfaction 3.43 8.02 

 

The BVA has the following characteristics: 

 

1. Automation: minimizes all thinking and decision making by the professional representing the 

owner.  

2. Simplicity: uses the language of metrics to communicate.  

3. Transparency: uses only observable metrics to minimize any decision making. 

4. Minimizes communications to three submittals of two pages each, a cost proposal and an 

interview.  

5. Utilizes a rating system that rewards the level of expertise, risk mitigation and value added if 

claims of performance are supported by observable performance metrics. If thinking and 

decision making is required, a neutral rating is given. 

6. The Best Value expert vendor writes the contract.  

 

The BVA is comprised of four phases (Figure 1). These phases achieve the following: 

 

1. Prioritize the competitive vendors based on five selection criteria: level of expertise, 

identification and mitigation of risk, value added, cost and interview. 

2. Take the best value vendor (highest level of expertise and lowest price) into a clarification 

phase where the expert vendor shows a plan from beginning to end, simplifies the plan with 

milestones based on observable metrics and includes all stakeholder actions in the plan. 

3. Vendor creates a Weekly Risk Report (WRR) that tracks the project time and cost deviation. 

It becomes the major component of the contract. 



Risk Factors and Potential Solutions for the Construction Industry in China 

~ 45 ~ 

4. Expert vendor writes the contract that includes the terms and conditions of the owner.  

5. The owner signs the contract and the expert vendor executes the service.  

 

Testing of the BVA over 25 years has resulted in the following: 

 

1. Minimized vendor caused project deviations to less than 1%. 

2. Confirmed that 90% of all project risk are caused by the owner’s professionals and that the 

expert must mitigate the risk that they do not control.  

3. 100% of all projects with a clarification period and WRR are successful. 

4. Professional PM only need to do 10% of the work of traditional systems and still achieve 

better results. 

 

The BVA is a system that has a proven past performance of improving project efficiency and 

performance. The BVA could improve the performance of the CCI and help it to develop to 

become more productive and efficient.  

 

 

Key Difference Between China and Other Developing Countries 

 

During this research there was only one major difference found between China and its similar 

developing countries (Vietnam, Saudi Arabia, and India), as well as almost every developing 

country identified. The difference is the high government participation in the construction 

industry. In the CCI there is little or no separation between government and construction 

enterprises. Most contractors and vendors are owned by the government. The dynamics of this 

structure creates a construction industry that is less transparent, and performance based, and 

more relationship based than most other countries. One of the relationship-based characteristics 

in the CCI is known as “Guanxi” (good relations). Research studies have shown that guanxi is 

perceived from project stakeholders as the most important criterion determining the success rate 

of a project. Some engineers determine if their project is successful simply by if they have good 

relations/guanxi among the stakeholders, regardless if the project was delayed, over budget, and 

low quality. (Wang, X. and Huang, J., 2006). To make the situation worse, China’s state-owned 

construction enterprises are large and inefficient, many have administrative processes and 

technology that are outdated and not competitive. Most of them have an equity debt ratio of 75% 

(He, 2000), which is very high for construction enterprises, and some are likely to declare 

bankruptcy, even if no competition is posed by foreign enterprises. On the other hand, many non-

state-owned constructions enterprises are higher performing. Currently the privately-owned 

consulting firms are smaller compared to the government consulting firms, but the total output of 

the private sector has surpassed that of the state-owned enterprises since 1989 (Xu et al.,  2005). 

 

 

Conclusion 

 

In the last 10 years the Chinese construction industry (CCI) has become one of the largest in the 

world. It rivals many developed countries’ construction industries. It has become one of the most 

important aspects of China’s economy. However, its rapid growth has also created issues in 
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productivity and performance. It has also had a difficult time documenting its performance and 

issues.  

 

To help the CCI identify possible solutions to its issues, this research performed an analysis and 

literature research on other developing countries that were similar to the CCI to see if there were 

any solutions that had been proven to improve the productivity and performance of a 

construction industry. After analyzing the major developing countries in Asia (Corruption Index, 

Construction GDP, % Construction GDP contributes to overall GDP, and Available 

Information), there were only three countries that were found to be similar to the CCI: Vietnam, 

The Kingdom of Saudi Arabia and India. 

 

All three countries identified that the Best Value Approach was the only proven method that had 

performance documentation validating its ability to improve performance and productivity. In 

researching on the BVA, four major studies were found identifying the following: 

 

1. BVA was the only construction method with repeated documentation showing high 

performing results.  

2. BVA was the highest performing and most documented project management model. 

3. BVA has the right factors enabling developing countries to implement the method.  

4. BVA impacts every major step in project delivery (procurement, negotiation, contract 

creation, and project management).  

 

The BVA has been implemented in 10 different countries and research has shown that it is able 

to deliver services for 30% cheaper and deliver almost 40% more value. 

Although the BVA seems to be a viable solution, the research did recognize that China has one 

major difference than other developing countries: the government’s involvement in both the 

buying and delivering of construction services. Due to the government being both the buyer and 

the contractor in many cases, it has created an environment where in many cases relationships 

(Guanxi) is more important to success than the cost, time, and quality of a project.  

Further research will be done analyzing if the CCI would be able to implement the BVA and 

improve construction performance and productivity.  
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Since Best Value was first introduced in the Netherlands in 2005 several tender procedures have 

been conducted following this approach, however, most documented cases have been within 

construction. As there is a lack of documented cases of the BVA in areas outside of construction 

in the Netherlands, this researches focus is to further test, explore and confirm the claims 

associated with the Best Value Approach and its applicability in the Facility Management (FM) 

industry. Using case study research, the Best Value Approach (BVA) was used to procure 

cleaning-related services for the Facility Management department of an organization in the energy 

sector. The research findings confirmed the applicability of the BVA in the FM industry through 

the successful identification of an FM expert supplier as the best value for the lowest cost. The 

results additionally confirmed the BVA to being more efficient, improve supplier risk migration 

measures and give a clearer view of the accepted project scope. 

 

Keywords: Best Value Approach, Facility Management. 

 

 

Introduction 

 

Up until 2000 tender procedures in the Netherlands were mainly price based. Strict specifications 

with the aim of achieving the best quality for the lowest price were the standard (see figure 1). 

However, goals were not achieved and clients as well as suppliers were dissatisfied. Over the 

years the paradigm shifted with a focus on quality and the search for the best expertise instead of 

contracting suppliers with the lowest price. This new way of thinking was the first step towards a 

value-based structure.  

 

 
Figure 1: Industry Structure (Kashiwagi, 2014a). 



The Best Value Approach in Facility Management: A Case on Cleaning-Related Services 

~ 49 ~ 

Between 2005 and 2010 projects following a value-based structure were executed using the Best 

Value Approach (Kashiwagi, 2017) in the Netherlands (mainly) the construction industry. After 

the Best Value Approach (BVA) was applied by Rijkswaterstaat in 2008 (Van de Rijt, Witteveen, 

Vis & Santema, 2011) and the successes of the projects were publicly shared, the Best Value 

Approach has begun to extend to other sectors including information technology (D. Kashiwagi 

& I. Kashiwagi, 2014), travel, and services (Bos, D. Kashiwagi, and I. Kashiwagi, 2015). With 

claims of performance including: 

 

1. Selection of the Best Value for the lowest cost.  

2. Reduced cost of project.  

3. Improved customer satisfaction.  

4. Enforcement of supplier planning and risk mitigation. 

 

Since the Rijskwaterstaat project results were shared, there has been little documentation in 

respect to the performance of Best Value within the Netherlands. Most documented claims stem 

from the United Sates, which is where Best Value was initially started. 

 

 

Objective and Methodology 

 

As less is known about the application of Best Value in the Netherlands there is a need to validate 

the performance of the BVA and explore the applicability of it in the Netherlands. The purpose of 

this paper is to fill this gap by investigating an analyzing the application of a Best Value project.  

 

To meet this research objective, a case study has been performed to identify, understand and 

analyze the results of a facility management project. The following methodology was followed: 

 

1. Identify and test BVA on a project within the Netherlands. 

2. Analyze the results in comparison to previous BVA claims of performance. 

 

 

Case Study 

 

The client organization 

 

The client is an organization with 3,500 employees who supply energy to approximately 2 

million companies and households every day. The client’s head office is in the Netherlands and 

the organization is in several other countries in (West-)Europe. The Facility Management (FM) 

department of the organization offers support to employees to ensure they make an optimal 

contribution to the organization’s mission. To achieve this, the FM department works together 

with multiple partners, including a partner for cleaning services, sanitary supplies and window 

cleaning, as well as other partners for waste management, pest control, snow and ice control and 

indoor greenery. The FM department wishes to integrate related services with the aim of 

intensifying the collaboration with a small number of suppliers. The integration of all cleaning-

related services followed the four phases of Best Value as shown in figure 2. 
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Figure 2: Phases of Best Value 

 

 

Preparation 

 

The Beginning 

 

The idea of applying the Best Value approach within projects of the FM department arose during 

2017. The former contract with the supplier providing cleaning services, sanitary supplies and 

window cleaning would end in September 2018 and had to be tendered. However, the FM 

department strived for a renewed contract based on mutual goals for the organization itself and 

the supplier as well as more opportunities to innovate and develop the facility services. The 

original way of tendering within the client’s organization did not meet the ambitions of the FM 

department. The Best Value Approach was proposed as a potential solution due to its claims to 

improve quality and innovation through the utilization of expertise (Kashiwagi, 2017).  

 

Training of the Project Team 

 

As the organization’s different types of locations (head office vs. bio-energy plants) and the 

geographical spreading over the Netherlands were a challenge to keep everyone involved, a 

project team was formed with representation from the entire organization. Throughout the entire 

project the project team was trained in Best Value through the following core periods: 

 

• At the start of the project the main principles of Best Value were explained, and examples of 

successes and pitfalls were shared; 

• In the preparation phase the knowledge on Best Value was refreshed while drafting the 

project goals; 

• In the evaluation phase the project team was trained on how to evaluate the received tenders 

according to the Best Value Approach. An independent consultant was used to ensure the 

Best Value philosophy was kept intact; 

• In the first meeting of the pre-award phase expectations about the BVA were managed 

between the organization and the selected supplier; 

• During the execution phase, no specific training was provided; however, the engaged project 

team of the organization received thorough training and on the side of the supplier a Best 

Value expert is involved as well. 

 

 

 

 

 

 

 

Preparation Assessment
Clarification/ 

Pre-award
Execution
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Project goals 

 

The project goals were defined as follows: 

 

The supplier is responsible for the cleaning and supplementary services for the 

organization’s locations and thereby will realize the following objectives based on the 

Best Value Approach: 

 

1. Supplier delivers added value and at least meets the objectives, mission and culture 

values of the organization and the DNA of the FM department. 

2. Supplier ensures optimal coordination and coordination of the services with 

employees, visitors, contract partners of the organization, suppliers and other 

stakeholders. 

3. With a high-quality, hospitable and proactive service, supplier optimally matches the 

processes of the organization and the intended identity and diversity of the locations. 

4. Supplier will realize satisfied employees, visitors, suppliers, contract partners and 

other stakeholders, together with facility contract partners, thereby achieving a service 

and experience level of at least 7 (scale 1-10). 

5. Supplier guarantees maximum continuity, (re)connection with staff, employee 

satisfaction, reliability and professionalism of the entire service for the organization. 

6. Supplier draws up an efficiency proposal from the TCO concept every year. 

7. Supplier realizes maximum transparency regarding the realization of the services in 

communication and reporting tools, which can also be used for external and internal 

communication by the organization. 

8. Supplier ensures that CSR, circularity and innovation form an explicit part of the 

service provision and reporting. 

9. Supplier realizes with waste management (office waste) the highest possible 

application of the waste fraction (in accordance with the waste hierarchy from the 

prevailing LAP), where the applications increase as much as possible in the hierarchy 

during the contract period. 

10. Supplier takes, within the mandate of the organization, initiatives to reduce waste, to 

separate waste into recyclable raw materials and to apply waste at a high level in the 

waste hierarchy. 

 

 

Assessment 

 

Preselection 

 

The tender followed the negotiated procedure with prior call for competition (2014/24/EU, 

Article 47). The pre-selection took place during October till December of 2017. Nine suppliers 

submitted a request to participate. Evaluation took place based on the criteria of vision on 

corporate social responsibility (CSR) and vision on bonding and retention of personnel (see table 

1). 
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Table 1: Sub-criteria Pre-Selection. 
Sub criteria Weighing (%) Maximum points 

Vision on CSR 50% 500 

Vision on bonding and retention of personnel 50% 500 

Total 100% 1.000 

 

Two pages could be used for each vision document. The following evaluation method was used: 

 

• 100%: the supplier has described a complete and clear answer to the client organization’s 

request. The answer is formulated SMART and provide concrete examples from its own 

practice (reference projects). The answer is innovative and shows added value. The answer 

shows ambition and commitment (result responsibility); 

• 80%: the supplier has defined a complete answer and connects to the client organization’s 

request. The answer is SMART described and provided with concrete examples from its own 

practice (reference projects).  

• 50%: the supplier has defined a complete answer and sufficiently matches the client 

organization’s request. The answer is partly SMART and/ or partly provided with concrete 

examples from its own practice. 

• 20%: the supplier has given an incomplete answer and/ or insufficiently matches the client 

organization’s request. 

• 0%: the supplier has given no or no applicable answer. The answer does not match the client 

organization’s request. 

 

The requests were evaluated by the evaluation committee as stated in the table 2. The suppliers 

ranked 1 to 5 (A, B, D, E, F) were admitted to the award procedure.  

 

Table 2: Evaluation of requests. 
Sub criteria A B C D E F G H I 

Vision on CSR 500 500 250 500 400 400 250 400 400 

Vision on bonding and retention of personnel 250 250 250 400 400 500 250 250 250 

Total 750 750 500 900 800 900 500 650 650 

 

Award 

 

In January 2018 the award procedure started following the Best Value Approach. A maximum 

price was set at € 1.1 million based on the budget and actual costs of 2015-2017. The criteria 

regarding quality were set as stated in table 3. The evaluation committee assessed all offers 

resulting in the evaluation as shown in the table 4. 

 

Table 3: Sub criteria award phase. 
Sub criteria Weighing (%) Maximum value 

Project capability plan 20% - € 220,000 

Project capability plan regarding waste management, CSR and circularity  15% - € 165,000 

Risk mitigation plan 15% - € 165,000 

Value-added plan 15% - € 165,000 

Interview key figure 1 5% - € 55,000 

Interview key figure 2 5% - € 55,000 

Total 100% - € 825,000 
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Table 4: Scorings matrix award procedure. 
Sub criteria A B D E F 

Project capability plan 8 8 6 6 6 

Project capability plan regarding waste 

management, CSR and circularity  

6 6 6 8 10 

Risk mitigation plan 6 4 6 6 6 

Value-added plan 4 4 6 6 8 

Total - € 27,500 € 55,500 €0 - € 82,500 - €247,500 

 

The five selected suppliers were invited to the interviews with two key personnel. The interviews 

were held by the Facility Manager of the client’s organization. The project manager fulfilled the 

role of process manager. Table 5 shows the evaluation of the interviews.  

 

Table 5: Scorings matrix interviews. 
Interviews A B D E F 

Interview key personnel 1 6 6 10 4 8 

Interview key personnel 2 6 4 10 6 10 

Total € 0 € 27,500 - € 110,000 € 27,500 - € 82,500 

 

After the interviews were held the award procedure was finalized. Supplier F was ranked first and 

admitted to the pre-award phase. Supplier F offered the best value for the lowest cost with the 

highest score of all suppliers on the quality criteria and the lowest price. Table 6 shows the final 

evaluation. 

 

Table 6: Total scoring matrix. 
Supplier A B D E F 

Value of the quality criteria € -27.500 € 82.500 € -110,000 € -55,000 € -330,000 

Price € 1,097,747 € 1,050,611 € 1.092,587 € 1.049,964 € 1.014,149 

Evaluation price € 1,070,247 € 1,133,111 € 982,587 € 994,964 € 684,149 

 

Clarification/Pre-award 

 

The goal of the pre-award phase is elaboration of the plans by the supplier to create a more 

complete dossier on the implementation and organization of the services. This phase included the 

following: 

 

• Kick-off meeting; 

• Period of clarification and completion of the dossier. Weekly consultations took place 

between the client’s organization and the supplier to monitor the progress; 

• Pre-award meeting: presentation of the concept plans; 

• Award meeting: presentation and approval of the final plans. 

 

In this phase a project team and a project board were created. The project team cooperated 

intensively with the supplier and consulted weekly to further substantiate the documents and 

content. The project board joined the decision points (kick-off, pre-award and award meeting). In 

addition, for specific topics other project members were involved.  
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At the end of the phase, the following plans were delivered by the supplier:  

 

• Organization of the services (on an operational and a tactical level) at the location of the 

organization; 

• Implementation of sustainability and innovation in the services at the client’s organization; 

• Monitoring and reporting on Key Performance Indicators (KPI’s); 

• A reporting tool on waste management (per waste fraction); 

• Approach to improve circularity in the supply chain; 

• Communication including an escalation plan; 

• Bonding and retainment of personnel; 

• The final agreement, in accordance with the conditions of the client’s organization. 

 

The contract was awarded, and execution phase begun in September 2018.  

 

 

Analysis of BVA Implementation 

 

Defining the project goal 

 

During the preparation phase the main principles of BVA was discussed with the project team to 

define the project goal. As several goals are important for the client’s organization and the scope 

of the project was wide, it was hard to define one project goal. Specifically, one project goal that 

would be readable and understandable, hence multiple project goals were drafted.  

In the ‘project capability plan’ suppliers were required to meet each project goal individually. 

During the evaluation of the tender with suppliers, the supplier’s expressed that this was a 

challenge. As the project group created a lot of project goals and the space in the tender is limited 

for suppliers (maximum of 2 A4 pages), it was hard to support each goal with enough metrics. 

Even though it did not affect the result of the tender, in a future Best Value project it is 

recommended to always aim to define one project goal. This also forces the client to focus on the 

most important issues.  

 

Additional ‘project capability plan’ regarding waste management, CSR and circularity 

 

It was important that the focus of the client’s organization on CSR and related topics was clearly 

reflected in the tender. Particularly In the area of waste management, the FM department had the 

assumption that reduction of the residual waste and separation of other waste streams could be 

improved. However, the project team was mostly interested in what opportunities the suppliers 

recognized.  

 

It was decided to introduce an additional ‘project capability plan’. First of all, in line with the 

desire of the client’s organization to have a clear focus on CSR, the additional ‘project capability 

plan’ confirmed its importance to the market. Secondly, the additional ‘project capability plan’ 

made sure suppliers were given enough space to distinguish themselves on these topics in the 

tender procedure. The project team supported this idea. In the additional ‘project capability plan 

on waste management, CSR and circularity’ suppliers could support with metrics how they would 

realize project goals 8, 9 and 10. 
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The additional ‘project capability plan’ is not standard in the Best Value Approach. It was a 

concern that this modification would raise questions among the suppliers and make it a look like 

a ‘hybrid form’ of Best Value. In the Q&A’s during the tender no questions were asked on this 

topic and the received tenders matched with the client’s requirements.  

 

It was notable that the received additional ‘project capability plans’ were partly comparable. 

Several suppliers collaborated with the same subcontractor on waste management and thus 

produced a similar plan. Understandable, because only a few players are active in this market in 

the Netherlands. The main difference between the plans was in the relevant metrics. The scores 

achieved with the various plans were therefore only slightly different. 

 

Although the plans were partly comparable, the added value of these plans remained. The plans 

provided insight into the ambition of the suppliers and new developments in the market. The 

specific translation of the goals for use at the client’s organization was innovative and showed the 

project team which supplier shared the DNA of the FM department.  

 

Chosen procedure 

 

Applying the Best Value Approach in a public tender procedure following Directive 2014/24/EU 

may lead to some (legal) difficulties. Van de Rijt and Santema (2012, p. 156) identify the pre-

award phase to be difficult to integrate in a public tender procedure due to the necessary 

communications in this phase taking place before formally awarding the contract. Although 

Directive 2014/24/EU doesn’t explicitly forbid negotiation or clarification during the regular 

(open and restricted) procedures (2014/24/EU, Article 27 and 28), jurisdiction (C-599/10, 2012 

and C-336/12, 2013) states that any form of negotiation is contrary to the principles of equal 

treatment and transparency (2014/24/EU, cons. 1). By all means, the Best Value Approach 

doesn’t intend to negotiate with suppliers during the pre-award phase; however, the elaboration 

of the plans can be seen as a change of the submitted offer.  

 

For entities, as the client in this case, operating in the water, energy, transport and postal services 

sectors Directive 2014/25/EU applies to tender procedures. This directive includes the 

‘negotiated procedure with prior call for competition’ (Directive 2014/25/EU, Article 47) as 

common procedure, which leaves more room for communication (‘negotiations’) during the 

tender procedure and makes it (from a legal perspective) easier to include the pre-award phase of 

the Best Value Approach before awarding the contract. It is not uncommon for entities following 

Directive 2014/25/EU to use the ‘negotiated procedure with prior call for competition’ for the 

Best Value Approach (i.e. other organizations within the energy, water and transport sector also 

applies this procedure).  

 

Following the ‘negotiated procedure with prior call for competition’ implies the following: 

 

• A preselection took place, which is not standard in the Best Value Approach; 

• Three standstill periods were included in the procedure: the first after the preselection, the 

second after the decision which supplier was allowed to the pre-award phase, and the third 

(and only formal one according to Aanbestedingswet 2012, 2016) after the successful 

completion of the pre-award phase. 
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Although the Best Value Approach aims at the market to filter itself in a tender procedure (Van 

de Rijt and Santema, 2013, p. 59), it was useful to preselect the suppliers given the size of the 

current market for cleaning and related services. Nine suppliers submitted a request to participate 

and eventually five suppliers were selected who all connected in some way to the vision of the 

client’s organization. In hindsight it the client may have preferred to have selected three suppliers 

instead of five, mainly because of the time investment during the interviews, both for the project 

team and the suppliers. However, in advance, the project team was afraid that if only three 

suppliers were selected, one could potentially pull out of the procedure, making the competition 

too limited. Given the fact it was an interesting assignment and organization to service, this risk 

was minimal and worth taking. In the future it is recommended to use a preselection, depending 

on the size of the market. Unfortunately, little is known about which selection criteria are best 

suited to the Best Value approach and comply to Aanbestedingswet 2012 (2016) and Directive 

2014/24/EU (2014) law on public procurement. Further research and publications on this topic 

can be useful.   

 

After consultation with several lawyers it was decided to include three standstill periods in the 

tender procedure. In Aanbestedingswet 2012 (2016, article 2.127) only the standstill period after 

the proposed award of the contract is mandatory. The standstill period after the preselection is not 

mandatory, but generally recognized (ECLI:NL:RBNHO:2014:611) implying if a supplier does 

not make objection during this period, it forfeits its rights. Although this is not the first time it has 

been done, the standstill period after the admission of the supplier ranked first to the pre-award 

phase was completely voluntarily. The allowance to the pre-award phase is the most important 

decision during the procedure and with the greatest consequence to the participating suppliers 

(i.e. rejected for the rest of the procedure or pre-awarded the contract). Therefore, it was decided 

to add this standstill period to provide all suppliers with the motivation for the evaluation of the 

received tenders at an early stage. Moreover, the risk of an objection after successful completion 

of the pre-award phase was minimized. Each standstill period took 20 calendar days which meant 

a total delay of (non-mandatory standstill periods of) 40 days before finalizing the contract. On 

the entire project this means starting on time is even more necessary to achieve your planning. It 

may be considered to shorten the non-mandatory standstill periods to, for example, 10 days. This 

way, suppliers get the opportunity to object and, if desired and necessary, the standstill period can 

always be extended. There is a lot of jurisdiction about the minimum length of standstill periods, 

though the term of 10 days seems generally accepted.  

 

The financial value of the value-added plan 

 

Part of the Best Value Approach is the value-added plan the suppliers draft during the tender 

procedure. The value-added plan provides the opportunity for suppliers to add options to their 

services the client itself has not thought of. These value-added options can be services out of 

scope or possibilities from a new perspective. During the pre-award phase or later during the 

contract term the client decides whether it will use the value-added options or not.  

 

According to Directive 2014/24/EU (art. 89, 2014) it is forbidden to make substantial 

modifications to the contract during its term. If the conditions as stated in this article are not met, 

a modification of the contract is not allowed, and a new tender procedure must be conducted. The 

valued-added options described by suppliers in their tender generally do not meet those 

conditions, implying this could lead to termination of the awarded contract.  
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Specifically, Article 89, sub 2 (ii) (2014) state that a contract may be modified if the value of the 

modification remains below 10% of the initial contract value. Based on this article the following 

was included in the tender document regarding the costs of the value-added plan: 

  

• The maximum price applies to all fixed activities, the fixed activities based on the annual 

volume and the start-up and implementation costs. The maximum price does not include the 

value-added plan; the total costs for the value-added plan (i.e. the costs of all options added 

up) may not exceed 10% of the suppliers offered price.  

 

There are different views regarding the costs of the value-added plan. According to the original 

Best Value Approach the maximum price only applies to the realization of the project goals; the 

possible costs of the value-added plan are not limited. However, in practice, a lot of tenders 

contain in some way a maximum price for the value-added plan. The idea behind this is that 

without a limitation on costs, options are offered that the exceed the client’s budget.  

In this project the maximum of 10% of the offered price by the supplier was only added for legal 

reasons. By including the described condition, the value-added options of the suppliers can be 

applied during the contract term. The application will then not lead to a substantial modification 

of the financial value of the contract with a mandatory termination of the contract as a result.  

 

The inclusion of this condition had no effect on the results. It is recommend adding this condition 

more often in future projects; although it should always be determined how big the financial 

scope of the value-added options in a project can be and if this condition might have a restrictive 

influence on the tender.  

 

 

Conclusion and Results 

 

The project was awarded with the following results: 

 

• Ambitious claims substantiated with performance metrics by the awarded supplier, for 

example a net promoter score (NPS) of a 7.5 (scale 1-10) with projected growth to an 8.0 in 

year 2; 

• Clear control by the awarded supplier of all services within scope (window cleaning, pest 

control etc.) and facility chain partners with the aim to reduce disruptions and calamities; 

• Full transparency in the calculation and a fixed profit percentage; 

• Savings of 7.8% in relation to the budget. 

 

To demonstrate the impact of the Best Value Approach a short survey was held in the project 

group (3 team members). The results of the survey are shown in table 7. The project group 

concludes the Best Value Approach is efficient, forces the supplier to minimize risks and 

improves the possibility to clarify the offers in comparison to a more ‘traditional’ approach. 
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Table 7: Impact of Best Value Approach for the FM department. Survey on a scale of 1-10, with 

10 being very satisfied and 1 being very dissatisfied (n=3). 
 ‘Traditional’ 

approach 

Best Value 

approach 

Overall satisfaction with the process and the contracting of the supplier 7.0 8.0 

The process is simple and easy to implement 6.0 7.2 

The process is efficient (minimizes costs, time and effort) 6.3 7.7 

The process leads to the best performing and cheapest supplier 6.0 6.7 

The process minimizes the risk for the client’s organization 6.0 7.3 

The process forces the supplier to plan, identify and minimize risks 

before the project starts 
5.7 8.2 

Overall satisfaction with the possibilities to clarify the offers 5.7 7.7 

 

In answering the papers objective, the Best Value Approach was found to have been implemented 

successfully with the capability to identify an FM expert supplier as the best value for the lowest 

cost. Additionally, some of the BVA claims were confirmed with results showing the BVA to 

being more efficient, improve supplier risk mitigation measures and give a clearer view of the 

accepted project scope. 
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Annex I – interview questions 
 

Introduction/ general questions 

1. Could you introduce yourself and indicate which role you will fulfill in this project? 

a. Why are you delegated for this interview? 

b. What will be your role in the daily implementation of this project? 

2. You have submitted an offer including the project capability plan, risk mitigation plan and value-added plan. Were 

you involved in the preparation of your offer and in what way?  

a. How long will you stay involved in this project? 

b. How will the continuity of your team be guaranteed? 

3. Which experience do you have in similar projects in the past and what was the result?  

a. In what way are these projects similar to this project?  

b. How successful were those projects? 

c. How did you measure your performance? 

4. Could you describe the intentions of this project? What are the most important goals in your opinion? 

a. Is everything included in your offer needed to realize the project goals? Please provide an example.  

b. On a scale of 1-10, how comfortable/ satisfied are you with your submitted offer? Why? 

5. The client’s first project goal is to connect the provided services to the client’s DNA and cultural values. 

a. How will you realize this? 

b. Based on which competencies do you select personnel for this project? 

6. This project follows the Best Value Approach, which differs from a traditional tender procedure. The client wishes 

to create a more sustainable partnership. 

a. How do you see the cooperation between the client and the supplier and what does that mean for the 

provided services? 

b. What do you expect from the client regarding the provided services? 

7. Can you explain the most important assumptions you made when creating the plan?  

a. What happens if these assumptions turn out to be incorrect? 

 

Questions regarding the project capability plan 

8. What results do you promise and what is that based on? 

a. When is the service successful in your opinion?  

b. How do you measure the success? 

9. The scope of the project concerns more services than cleaning.  

a. How are the other services included in your offer? 

b. How do you manage the subcontractors?  

10. CSR is an important part of the client’s vision. 

a. How do you include CSR in your services?  

11. Waste management is also part of the scope. 

a. How did you include this in the project capability plan?  

b. Please provide examples. 

12. How do you manage the transfer of staff and how do train them to provide your service concept?  

 

Questions regarding the risk mitigation plan 

13. How did you create the risk mitigation plan, what do you consider to be the biggest risks for this project and how 

do you control them? 

14. What do you suggest in the case of non-performance from your side?  

a. What do you suggest if we as a client cause risks or do not follow the contract?  

 

Questions regarding the value-added plan 

15. In your opinion, which service adds the most value to the client?  

 

Closing question 

16. Did we forget anything to ask and do you have any questions for us?  
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The Information Communications Technology (ICT) industry has been experiencing 

challenges in project performance for years. Similarly, complexity has been identified as a 

primary contributor to the challenges in project performance for years. As project complexity 

is a long-standing issue to ICT performance, an analysis is needed to identify the existing state 

of research within project complexity and future research necessary to progress the field of 

research. This study, through literature research, analyzes 19 existing complexity models, 

including their definitions, factors, and tools of measurement. Findings identify a theoretical 

definition to project complexity, a general list of 33 factors used to measure complexity and 

identifies the current research within project complexity to be at a theoretical and conceptual 

state which has not yet reached a sustained and lasting practical level to the industry. It is 

proposed that future research into the perception perspective on ICT project complexity may 

provide novel insights into ICT project complexity.   

 

Keywords: ICT Industry, project complexity, performance, complexity factors. 
 

 

Introduction 

 

The Information Communications Technology (ICT) industry has had perceived performance 

issues for years. Performance issues have been identified as early as in 1968 when in The North 

Atlantic Treaty Organization (NATO) software engineering conference, the so called “software 

crisis” was addressed (NATO Science Committee, 1969). The crisis was due to the number of 

software projects failing to be finished on time, on budget, and which did not meet the correct 

specifications. At that time, based on the NATO conference findings, the proposed causes of 

failure included the complexity of systems and the suppliers’ lack of expertise. 

 

These causes were addressed to be related to the technology and demands of the clients 

surpassing supplier’s available solutions. Due to this demand, suppliers offered solutions which 

were never tested, and accepted projects which had never been done before on such a large scale. 

In this state, it was a concern that clients may lose confidence in the industry. The only 

consensus of the attendees of the conference to these problems was that the solution was 

unknown. However, guidance was given to continue to improve on current techniques and not to 

work outside the present state of technology (NATO Science Committee, 1969).  

 

Since 1969, technology has advanced significantly and the methods and theories to deliver ICT 

projects with it. Rivera and Kashiwagi (2016) identify multiple methodologies such as rapid 

application development and agile methodology that have been refined over the years to address 

the challenges encountered in ICT projects. Even with all these advancements within the ICT 

industry throughout the years, the “software crisis” may not have been resolved. A study 
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published by the Standish group (1994) reestablished the issue when it identified that 83.8% of 

ICT projects failed to be completed on time and on budget, and that projects which were 

completed by the largest American companies had only 42% of their original features and 

functions. Recent research of the Standish Group (2016) reported that globally more than 70% of 

projects failed to be completed on time, on budget and with a satisfactory result. 

 

The ICT industry is a critical element to all industries as it is integrated into all industries from 

healthcare to construction due to the growing dependencies for technology in day to day 

activities. For instance, the United States government has experienced ICT performance issues 

ranging from the Census Bureau (US Department of Commerce, 2011), online healthcare 

(Costello & Mcclaim, 2013), payroll systems (Chiang, 2013), and Airforce operations (Institute 

for Defense Analysis, 2011). Other countries such as United Kingdom (Public Administration 

Committee, 2011), the Netherlands (The House of Representatives of the Netherlands, 2014), 

Australia (Legislative Assembly of the Northern Territory, 2014) have shown a similar 

integration into various industries and the impact performance issues on a governmental level. 

The Standish Group (2016) studied eight of the major sectors including telecom, government, 

financial, retail, manufacturing, banking, services and healthcare and discovered little 

differential, with reported performance (on time, on budget, meeting client expectations) of 24 – 

34%.  

 

Research has investigated the factors of project performance including Nasir and Sahibuddin 

(2011), Wateridge (1995) and Fortune and White (2006), all of which concluded that there is no 

broad consensus among researchers and practitioners in a standard set of factors. However, 

similar to the NATO conference in 1968, they share a common awareness of the importance of 

project complexity.  

 

Bullock and Cliff (2004) describe how project complexity is unavoidable with progress and may 

be caused by the transition from relatively isolated small-scale elements to much larger 

interconnected systems. The impact of these increasing complex systems has been recurrently 

identified as growing obstacles. Whittaker (1999) identified that key users misunderstanding the 

project’s complexity to be one of major causes of low project performance. Dijk’s (2009) 

research in project performance ranked the underestimation of complexity as number one of the 

top five causes of content driven issues. A literature review conducted by Bullock and Cliff 

(2004) showed the industries acknowledgement of the importance of project complexity, 

identifying over 26 academic institutions, 12 Global ICT companies and 22 large non-ICT 

companies that have research centers within the field of project complexity which aim to better 

understand it’s causes and methods to control it. 

 

As research into factors of ICT project complexity continues, it can be seen to be incorporated 

with the applicable industry solutions to improve ICT project performance (Kashiwagi and 

Kashiwagi, 2014) including agile project management, the minimization of project size and the 

Best Value Approach. All three approaches differ in how to improve performance, but all three 

approaches similarly identified an importance in the reduction of complexity as focuses to their 

solution.  
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Research Questions and Methodology 

 

Project complexity has been identified as a leading cause to performance issues as early as 1969. 

Literature has shown that the ICT industry is still experiencing performance issues due to 

complexity. The purpose of this paper is to clarify and understand project complexity and 

identify further research necessary to progress the field of study. The research seeks to answer 

the following questions: 

 

1. How can project complexity be defined? 

2. What factors does the industry use to measure project complexity? 

3. What is the current state of project complexity research? 

 

To answer these research questions an exploratory literature study has been performed to 

identify, understand and analyze the existing complexity models that have been developed. 

 

Research Method 

 

In the literature study for project complexity, “project complexity” + “complexity models” + 

“complexity factors” were used as the core keywords. The main search engines that were used 

include Engineering Village, Emerald Insight, Pro Quest and Google Scholar. Engineering 

Village is comprised of 12 engineering literature and patent databases. In total, the database is 

comprised of more than 16 million records from over 68 countries and 1,000 publishers. Emerald 

Insight focuses on research in the practice and management of business. Emerald Insight 

manages a portfolio of nearly 300 journals, more than 2,500 books and over 450 teaching cases. 

Pro Quest also focuses on research into business management but extends their database to 

include dissertations, news, and latest working papers. Google Scholar is a broad search across 

many disciplines and sources: articles, theses, books, abstracts and court opinions, from 

academic publishers, professional societies, online repositories, universities and other web sites. 

Google Scholar ranks search results according to where it was published, who it was written by 

and how recently it was cited. The selected databases range, saturation and overlap of 

publications from different sources and fields ensure a sufficient search was performed to 

identify current research done within the area of project complexity.   

 

Publication Selection 

 

Following the search with the identified keywords, 4 steps or filters were used:  

 

1. The publications had to be available in full text English.  

2. Each of the keywords were researched in each of the databases, 500 publications per 

database for project complexity were reviewed. 

3. The publications’ abstracts were reviewed and filtered based on the relation to project 

complexity models.  

4. Publications for project complexity publications were fully reviewed and filtered based on 

the contribution of a unique project complexity model which included a list of complexity 

factors.  
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After the review of 2,000 publications’ abstracts [see Table 1], 213 were identified to have 

abstracts related to project complexity. After the full publications were carefully read and 

reviewed, 18 publications were identified to contribute with an original piece or whole of a 

complexity model (directly related). From those publications, 1 more was identified through the 

references used in those papers. In total, literature identified 19 publications that each presented 

an original aspect to modeling complexity, of which 18 were taken from academic journals and 

conferences such as, Kybernetes, Project Management Institute, Wiley Interscience, Elsvier, 

Sciencedirect, Procedia Engineering, and System of Systems Engineering.  

 

The literature findings for project complexity confirmed that complexity was not solely limited 

to the ICT industry but as an industry wide issue (see Table 2), of the 19 publications only 1 was 

specifically limited the study to the ICT industry. Most research publications included projects 

from multiple different industries and countries. The publications identified did not address an 

issue with forming and applying their models for multiple industries. In addition to this, no 

location seemed more common than another in their research into complexity. Due to the lack of 

research done specifically within the ICT industry, the project complexity research was 

expanded to all industries for the purpose of identifying an overall general clarification of project 

complexity. 

 

Table 1: Summary of Literature Search. 
Literature Search Total Engineering Village Emerald ABI/Inform Google Scholar 

Searched 2000 500 500 500 500 
Related 213 57 73 11 55 
Directly 18 14 1 0 3 

Reference 1     

Final 19     

 

Table 2: Demographics of Literature Results 
Publication Year Project Complexity 

2016 - 2017 5 

2011 - 2015 7 

2006-2010 4 

2001-2005 2 

1969-2000 1 

Industry # 

General 7 

*One or more specific industry cited 12 

Construction 8 

ICT 5 

Other (Organizational, Industrial, Aerospace, 

Biopharmaceutical, R&D, product development) 
5 

Location # 

General 10 

*Specific Location(s) 9 

Asia 4 

Europe 6 

Americas 3 

Australia 2 

Africa 0 

*Publication could be in one or more of the subcategories 
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Data Structure 

 

As publications from project complexity literature were identified they were documented in 

excel, forming a master database, which was used to create an overall factor list. The master 

database stored two central Excel sheets which comprised the raw data which was easily 

accessible for all calculations and analysis necessary for the study. An example of the data 

structure is available in Appendix A: Tables A1 and A2. 

 

Each of the 19 publications relating to project complexity were listed in an Excel sheet (Table 

A1: Complexity Models) as its own row with the columns of data listing all critical pieces of 

information gained from the publication including: 

 

1. Demographics of the study such as year of publication, source database, source type, location 

and industry.  

2. Key information of the complexity model including: the research method used to create a 

complexity model (survey, interview, case study, etc), quantity of participants in the study, 

number of factors identified by model, definition of complexity, results of the model (tools, 

relation to performance, etc.), special notes or unique qualities of study.  

 

In a separate Excel sheet (Table A2: Complexity Factors), all project complexity factors found 

were listed as a separate row and each column a classification of that factor including the 

reference source, area being measured, and the overall complexity factor it is grouped in. 

 

 

Analysis and Findings 

 

Defining Project Complexity 

 

There are multiple theories that attempt to define project complexity. However, literature shows 

that there is no generally accepted definition (Vidal and Marle, 2008). Examples of the wide 

range of theories include:  

 

1. Baccarini (1987) identified a definition to complexity with an objective and subjective 

component, listed respectively: (1) Consisting of many varied interrelated parts and (2) 

Complicated, involved and intricate.  

2. Nan Tie and Bolluijt (2014) define complexity as subjective “a measure of the difficulty of 

delivering a specific project in a specific organization from the perspective of the project 

manager”. 

3. Turner and Cochrane (1993) define complexity as something which can be viewed as both 

subjective or objective “the degree of whether the goals and methods of achieving them are 

well defined”. 

 

Schlindwein and Ison (2004) explore the history and epistemology of complexity, grouping the 

existing definitions into two components: descriptive and perceived complexity. The descriptive 

component is an absolute measure that depends on the object itself and is the same measurement 
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regardless of the observer, while the perceived component of complexity is dependent on the 

observer.  

 

The descriptive component (DC) is centered on the measurement of various aspects of the 

conditions of the system. For example, Baccarini (1996) focused on the quantity, variation and 

the interdependence of conditions. Jones and Deckro (1993), Williams (1999), Shenhar and Divir 

(1993) and Turner and Cochran (1993) incorporate the dynamic and uncertainty of conditions in 

terms of their predictability, erratic nature and completeness.  

 

The perceived component (PC) has two methods to measuring complexity (PC1 and PC2). The 

first perceived method (PC1) is very similar to the descriptive component. While the descriptive 

component is intended to use an objective method to measure the value of the condition, the PC1 

uses the observers’ perceived value of the condition as the means of measurement. A secondary 

perceived method (PC2) aims to measure the understanding of the observer. This component 

similarly uses the perception of the observer however, it differs from PC1 as it is not measuring 

the value of the conditions but the observer’s understanding of that condition.  

 

When analyzing the application of PC1 and DC in research models measuring complexity there 

seems to be little differential. Both descriptive and perceived components use the observers’ 

perceived value of the condition as the means of measurement while using both descriptive and 

perceived conditions interchangeably. For instance, Vidal, Marle, and Bocquet (2011a, 2011b), 

Dao, Kermanshachi, Shane and Anderson (2016), Abdou, Yong, and Othman (2016) use the 

perception of the observer to measure the value of the conditions but use both descriptive 

conditions such as cost and duration; and perceived conditions such as team cooperation and 

level of difficulty in obtaining permits. Theoretically PC2 has been defined, but none of the 19 

models have applied the PC2 to modelling complexity.  

 

Literature has shown various differing theoretical definitions to view complexity. Based on the 

literature, the author defines a new definition which includes both components of Schlindwein 

and Ison (perceived and descriptive) however, based on the application of these components in 

existing models, they are regrouped into two new components of ‘perception’ and ‘conditions’. 

Our definition includes the descriptive component but separates the component of perceived into 

two subcomponents (PC1 and PC2).  The first dimension of ‘perception’ is based on PC2 which 

aims to measure the observer’s understanding of the project conditions and future project 

conditions. The second complexity dimension of ‘conditions’, is based on both the DC and PC1 

definitions (Schlindwein and Ison 2004), which aim to measure the value of project conditions 

through both objective measurements (Baccarini, 1996) and the observers perceived 

measurement of the conditions (Tie & Bolluijt 2014). For this research the definition’s two 

components are defined as follows: 

 

1. Perception (based on (PC2)): Understanding of project conditions and how to perform the 

project. 

2. Conditions (based on (PC1) and (DC)): Project conditions which are present, whether 

understood or not understood by the observer.  
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Project Complexity Factors 

 

Analysis of the 19 complexity models identified a list of complexity factors. In total the analysis 

identified 604 different factors of complexity.  To analyze these factors properly the following 

two rounds were performed in order to identify “project complexity factors”. 

 

The first round was to exclude all duplicates and factors that were not directly related to the 

project. The factors that relate to the environment or company are excluded in this research. 

Although these factors may indirectly impact project complexity, it was this research’s key focus 

to narrow the scope in order to provide greater insight into factors directly relating to the project. 

Each factor was analyzed to identify how it was cited in the literature and tagged it with the area 

being mentioned in the factor. The areas identified include the supplier, project management, 

relationship, project scope, stakeholders and technology. The areas used were dictated by the 

citing of the area in the literature provided with the factor. Some definitions were explained in 

detail, others were defined by the factor title itself.  

 

In total 580 factors were identified to be unique (24 duplicates), 67 factors were identified that 

relate to the organization and 54 factors relate to the environment. Table 3 summarizes the 

distribution of the areas being measured. After this filter 459 factors of complexity were 

remaining.  

 

Table 3: Frequency of Factors by Area 

System Area % Frequency # Frequency 

Project Scope 26.6% 152 

Technology 19.0% 112 

Organization 11.6% 67 

Stakeholder 11.2% 65 

Supplier  10.9% 63 

Environment 9.3% 54 

Project Management 6.2% 36 

Relationship 5.3% 31 

 

The second round required a more in-depth analysis than the first round. To do this, the factors 

were grouped into larger, broader overall factors. After fully reviewing all remaining factors the 

analysis identified 33 general project complexity factors, see Table 4.  
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Table 4: Overview of Factors of Complexity 
# General Project Complexity Factor Definition 

1 Project Team Experience 
The project’s team past experience and familiarity with the components of 

the project including stakeholders, company, project team, similar type of 

project, country, etc.  

2 Project Team Capability The project team’s skills, resources, qualifications, training and education. 

3 Team cooperation 
The cooperation, communication and shared vision amongst team 

members regarding the implementation of the project. 

4 Variety of Team Capability 
The diversity of skills, resources, qualifications, training and education 

within the team. 

5 Size of team The quantity of supplier team members and positions. 

6 Team Location 
The physical geographical location of the supplier’s project team 

members. 

7 Project Management Tool The utilization of a structured method and tool for project management. 

8 Planning and Scheduling 
The planning and scheduling of activities, deliverables, and tasks 

necessary for the completion of the project. 

9 Change Order Management The management of changes to the scope of work of the project. 

10 Risk Management The identification and mitigation of risk on a project. 

11 Stakeholder Management 
The relationship maintained with stakeholders of the project in the 

management of their expectations and objectives.  

12 Stakeholder Support 
The commitment, cooperation, awareness and priority given to the project 

by stakeholders. 

13 Stakeholder Relationship 
Appropriate authority and accountability between client and supplier in 

determining the necessary roles and responsibilities between entities. 

14 Amount of work 
The largeness of scope in terms of outputs including: man hours, 

components and deliverables. 

15 Interdependence of work 
The interaction and interdependence between stakeholders (client and 

supplier) during the implementation of a project. 

16 Clear goal /objective/ requirement 
The projects outcome is defined and understood by all stakeholders in 

meeting the goals, objectives and requirements. 

17 Variety of work 
The diversity of the different types of components, resources to be 

manipulated, tasks and actions to be performed on a project.  

18 Project Cost The size of the project budget or capital investment. 

19 Project Duration The length of the project's planned duration to complete the project. 

20 Information Uncertainty 
The information uncertainty in the project caused by unknown existing 

and future conditions.  

21 Feasibility 
A client’s creation of scope with unrealistic expectations regarding the 

quality, necessary resources or outcome of a project. 

22 Aligned goals/requirements 
The project's alignment with the business goals and interests of the 

client’s organization. 

23 Number of stakeholders 
The quantity of stakeholders involved in the project including: investors, 

departments, sub vendors, units, etc. 

24 Availability of Stakeholder Resources Availability of people, material and resources necessary due to sharing. 

25 Different Views of stakeholders 
The projects stakeholder’s different opinions and agendas that may lead to 

conflict.   

26 Stakeholder Knowledge The project’s stakeholder’s technical knowledge and/or experience. 

27 Location of Stakeholders The physical geographical location of project stakeholders. 

28 Technology Interdependence 
The integration between technology, technology including: hardware, 

software, processes or methods used. 

29 Innovative Technology 
The newness or novelty of the technology, technology including: 

hardware, software, processes or methods used. 

30 Changing technology 
The technology is continuously changing, technology including: 

hardware, software, processes or methods used. 

31 Variety of technology 
The diversity of the technology, technology including: hardware, 

software, processes or methods used. 

32 Difficult Technology 
The difficulty of the technology, technology including: hardware, 

software, processes or methods used. 

33 Quantity of decisions 
The number of decisions to be made regarding the projects plan of 

implementation or outcome. 
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State of Project Complexity Research 

 

The existing literature has progressed the field of complexity, establishing a foundation of 

knowledge upon which lessons learned of what is required to further progress the field can be 

addressed.  

 

Of the 19 models (see appendix B for full list of complexity models), the identified factors were 

developed in two stages within each publication. Stage 1 involved the initial identification of 

factors and stage 2, which was conducted in 11 of the studies, verified the importance of the 

developed list of factors with a secondary method. Table 5 summarizes the methods of stages 1 

and 2 including the number of studies that used each method, the number of studies that reported 

the quantity of participants/papers, and the total quantity of reported participants/papers.  

 

It is important to note that 1 of the models came from industry publications (Global Alliance for 

Project Performance Standards (GAPPS), 2005) and 18 came from academic journal and 

conference publications. It can be observed that the standard for scientific research varies 

between publications and that publications due to their focus may not have given the full details 

of their research. For example, Antoniadis, Edum-Fotwe and Thorpe’s (2011) model identified 

16 factors which were identified to be developed from personal experience as the factors were 

not clear as to how they were developed which could have been done through a scientific 

process. However, the factors were verified through multiple case studies.  

 

Table 5: Methods of Factors’ Development 
Study’s Method of 

Factor Development 

# Studies 

(19 total) 

# Studies that 

Reported Quantity 
Total Quantity 

Literature Analysis 10 8 > 530 Papers 

Workshops 3 1 100 participants 

Survey 2 2 91 responses 

Expert Panel 2 2 58 participants 

Personal Experience 1 - - 

Case study 1 1 17 projects 

Validation of Factors    

No verification 8 - - 

Survey 6 4 452 responses 

Case study 4 4 32 projects 

Workshops 1 1 10 participants 

 

The first stage of developing the factors of the existing models was based on asking or 

interpreting what factors one or multiple individuals thought were linked to project complexity. 

The opinion of the individual was collected either by published papers, case study interviews, in 

person workshops or surveys.  Of the 19 models that identified project factors, 8 of these were 

not supported through a secondary method and only 4 of the 19 models were applied to a 

collective total of 32 projects. The models are primarily based upon opinion of practitioners as 

they have been applied on few projects. 

 

Vidal et al. (2011a) also notes that since the participants were not asked to think of how to 

measure the identified factors, many are too conceptual or unfeasible to measure on the average 

project due to their difficulty and technical skill required to perform the calculations. Vidal 
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indicates that without a simple definition and user-friendly method to measure each factor it has 

proven difficult to use them on practical level. There is a need for the development of factors 

with both a standard definition and feasible method of measurement.  

 

Based on the identified factors, 13 of the 19 models created measurement tools to evaluate the 

level of complexity of a project. There were three different types of tools created. The tools, 

descriptions of each and studies that produced the tool are reflected in Table 6. As a summary, 

the three tools identified include: 

 

1. Prioritized list – List of prioritized factors based upon frequency, group consensus and 

personal judgement.    

2. Measurement tool – A software and/or equation that scores a project based upon a set of 

predetermined weighted factors of a project.  

3. Correlation analysis – Analyzes the importance and relation between specific factors of a 

project.  

 

Through the existing studies there has been research to support that factors of complexity are 

correlated (Qureshi, 2015) and hold differing weighting of importance to complexity (Dao et al., 

2016; GAPPS, 2005; Abdou et al., 2016). However, literature has not provided a proven standard 

weighting or correlation of factors that that has shown to be accurate through repeated testing. 

Inaccurate weighting of the correlation and factor have caused inaccuracy in measuring 

complexity (Vidal et al., 2011a). 

 

Table 6: Tools to Measure Project Complexity. 
Type of 

Definition 
Represented study Definition Represented Study 

Prioritized 

Lists 

List of factors based upon frequency and group 

consensus. (in the studies) 

Vidal et al. (2011a, 2011b); Dao et al. (2016); 

Bakhshi, Ireland and Gorod (2016); Azim et al. 

(2010); Bosch-Rekveldt et al. (2010); He, Luo, 

Wang, Li and Zhao (2012); Xia and Chan 

(2012); Kermanshachia, Dao, Shane and 

Anderson (2016) 

Measurement 

tool 

Weighting system used to score projects on 

complexity scale from 0 to 1. 
Vidal et al. (2011a, 2011b) 

PCAM tool - calculates a complexity score. 

Determined by a weighting system that was 

determined off of participant’s survey results. 

Dao et al. (2016) 

CIFTER - projects are given points based upon 

a defined list of factors and weights.  

Global Alliance for Project Performance 

Standards (2015) 

Correlation 

Analysis 

Relation between complexity factors Qureshi and Kang (2015) 

Grouping of related complexity factors Abdou et al. (2016) 

Contextual complexity, inherent complexity Tie and Bolluijt (2014) 

Product vs project success, Computed vs 

perceived complexity 
Ribbers and Schoo (2002) 

     

In regard to improving performance, 3 of the measurement tools have shown supporting 

evidence that there is a relation between performance and complexity however, the method and 

results may require further support as 2 studies showed correlation with performance based 



An Exploratory Literature Review and Analysis of Project Complexity Models 

~ 70 ~ 

solely on the perception of participants not the actual project results (*). The other study was 

based on the amount of time required to complete individual tasks, but the study did not consider 

overall project time or other key factors of success such as cost and customer satisfaction (see 

Table 7). 

 

Table 7: Models’ Relation to performance. 

Study Industry Definition of Performance Method of measurement 

*Tatikonda 

and Rosenthal 

(2000) 

Product development 

Time, cost, functional 

performance and 

objectives 

Survey was used to measure 

complexity factors and 

performance. Analysis was 

performed on results. 

Antoniadis, 

Edum-Fotwe, 

Thorpe (2011) 

Construction 
Completion of tasks on 

time 

Performance vs complexity was 

tracked over a period of 10 months 

for 5 projects. Analysis was 

compared over relation over time. 

*Floricel, 

Michela, and 

Piperca (2016) 

Biopharmaceutical, 

information and 

communication systems, 

energy and transportation 

infrastructure 

Time, cost, functional 

requirements 

Survey was used to measure 

complexity factors and 

performance. Analysis was 

performed on results. 

 

The existing project complexity models have not provided dominant evidence to claim reduction 

to project complexity using a standardized model. This gap in literature has made it difficult to 

identify a complexity model as adding more value or use than another. Research in project 

complexity appears to still be at a very theoretical and conceptual state and has not yet reached a 

sustained and lasting practical level to the industry. In addition to this, as research into project 

complexity is a long-standing issue, it is observed that the industry is having difficulties shifting 

from the theoretical to the practical state.  
 

 

Conclusions 

 

The focus of this paper was to further investigate project complexity by answering the research 

questions of R1, how can project complexity be defined, R2 what factors define ICT project 

complexity and R3 what is the current state of project complexity research? In response to R1, 

project complexity was found to have no unified definition. Based on literature a new definition 

of complexity was proposed with the components of perception and conditions. In response to 

R2, 604 cited factors of complexity were grouped into 33 overall factors of project complexity. 

In response to R3, it was found that the research into project complexity appears to be at a very 

theoretical state and has not yet reached a sustained and lasting practical level to the industry. As 

research into project complexity is a long-standing issue, it is observed that the industry is having 

a difficult time moving from the theoretical to practical state.  

 

Reflections 

 

The study attempts to be complete in understanding existing project complexity models, 

however, there are potential limitations due to the small sample size of defined models that exist 

and the wide range of applicability of ICT services. The data collected was from various sectors 
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(construction, ICT, healthcare and manufacturing), types of projects (end user management, 

infrastructure management, application management), countries, and project sizes. In addition to 

this, the research could have been extended to other research methods such as surveying, 

interviews, and case studies. However, these limitations were expected when approaching such a 

long standing and unresolved issue such as project complexity. In order to understand the wide 

breath of knowledge that has already been performed, the method used was identified as the most 

optimal. There have already been various studies which have used surveys, case studies, and 

interviews; a literature search would give access to the largest collection of data with minimal 

resources required. In addition to this, the literature search has identified that most studies have 

not shown dominant differentiation in terms of complexity between industries, countries or 

sectors. The selected methodology was a prime factor in arriving at the main contribution of this 

paper, which is the identification that the existing research in creating a project complexity 

model is still in a theoretical state and has not shown sufficient evidence of applicability in terms 

of performance or repeatability. The findings may be a small sample size (19 models) but due to 

the consensus and similarities between the models they can be used as a microcosm of the 

existing complexity models. This can be used in future research to examine if the direction of 

research being performed to examine complexity is accurate.   

 

With the findings of this research the author feels it necessary to reexamine how complexity is 

being defined and measured. So far, ICT project complexity models are only studied from a 

condition (value) perspective. There is a gap in complexity research with respect to the 

perception (understanding) of the observer. Further research into the effect of the perception 

perspective on ICT project complexity may provide novel insights to complexity. 
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Appendix A: Literature Database Design 
 

Table A1: Data Structure Complexity Models 

 
Table A2: Data Structure Complexity Factors 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

# Year Database Source Type Industry Location Research Methods

501 2012 Engineering Village Conference General General
Literature analysis

Survey

502 2015 Engineering Village Journal
Textile, IT, 

Automboile, R&D

Europe, Asia and 

Middle-America

Literature analysis

Survey

505 2016 Engineering Village Journal
General (ICT 

included)
China Literature analysis

507 2016 Engineering Village Conference Construction General
Literature analysis

Survey

#
# of Factors Total Quantity

Definition of 

Performance

Method of 

measurement

Type of 

measurement tool

Represented Study 

Definition

501
28

> 17 papers

N/A respondents
Prioritized Lists

502
38

> 18 papers

150 PMs

Correlation 

Analysis

Relation between 

complexity factors

505 127 420 papers Prioritized Lists

507
19

> 22 papers

101 PM respondents

Correlation 

Analysis

Grouping of related 

complexity factors

# Complexity Factor Complexity Overall Factor Area

512 Ambiguity of performance criteria Clear goal /objective/ requirement Project Scope

505 Availability of people, material and of any resources due to sharing Availability of Stakeholder Resources Stakeholder

512 Changes of construction works Change Order Management Project Management

511 Clarity of goals Clear goal /objective/ requirement Project Scope

505 Clients with unrealistic goals 7 14 6 Feasability Project Scope

510 Constraints Feasability Project Scope

516 Cost Project Cost Project Scope

509 Demand of creativity Innovative Technology Technology

501 Dependence of relationship among tasks (G5) Interdependence of work Project Scope

512 Geological condition 65 Location of Stakeholders Stakeholder

511 Goal alignment Aligned goals/requirements Project Scope

521 Impact of the magnitude of change orders on project execution. Change Order Management Project Management

516 Integration Interdependence of work Project Scope

502 Largeness of capital investment Project Cost Project Scope

509 Largeness of scope (number of components, etc.) Amount of work Project Scope

511 Newness of technology Innovative Technology Technology

505 Number of activities Amount of work Project Scope

511 Number of goals Amount of work Project Scope
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Appendix B: Complexity Models 
 

# Reference Industry Location Research Methods 

1 He, Luo, Wang, Li and Zhao (2012) General General 
Literature analysis 

Survey 

2 
Qureshi, Sheheryar Mohsin, and 

ChangWook Kang (2015) 

Textile, IT, 

Automobile, R&D 

Europe, Asia 

and Middle-

America 

Literature analysis 

Survey 

3 Bakhshi, Ireland and Gorod (1999) General (ICT included) China Literature analysis 

4 Saed, Yong, Othman (2016) Construction General 
Literature analysis 

Survey 

5 Ludovic, Vidal and Franck Marle (2008)  General (ICT included) Europe Literature analysis 

6 Harvey Maylor (2008)  General (ICT included) General workshops 

7 Marian Bosch -Rekveldta (2010)  Construction General 
Literature analysis 

Case study 

8 Bo Xia, Albert P.C. Chan (2012)  Construction General Expert panel 

9 Dao (2016) Construction United States 
Workshop 

No verification 

10 Antoniadis, Edum-Fotwe, Thorpe (2011) Construction Norway 

Personal 

Experience 

Case study 

11 Floricel, Michela, and Piperca (2016) 

biopharmaceutical, 

ICT, energy and 

transportation 

infrastructure 

North/Latin 

America 

Europe 

Africa 

Australia 

Case study project  

Survey 

12 Nan Tie and Bolluijt (2014) General General 
Literature analysis 

Survey 

13 Vidal et al. (2011a, 2011b) Entertainment Industry General 
Expert panel 
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The mechanical, electrical and plumbing (MEP) systems are three of the most important systems 

within a building. These systems alone can account for 40-60% of the total construction costs for 

commercial building projects (Second, Hanna, 2010). It is crucial that these systems function 

adequately. With the technological advances within the construction industry, the push for 

advanced technologies such as Building Information Modeling (BIM) has significantly increased. 

This research provides a detailed literature review examining how BIM is now used in the 

industry. BIM, a three-dimensional tool used to model a building and its components, is 

commonly used during the planning, design, construction and operation phases of a project. A 

literature search suggests that specialty trades use BIM to increase collaboration between 

stakeholders. Current literature suggests that according to the Best Value Approach (BVA), 

upfront collaboration between clients and vendors lead to inefficiencies. BVA decreases 

collaboration by creating a system in which clients can better utilize the expertise of high-

performance vendors, without enforcing project requirements and control measures. The authors 

suggest that BIM usage may be more effective if paired with BVA; doing so will simplify 

communication from MEP experts and minimize risk caused by collaboration.  

 

Keywords: Delivery of services, Best Value Approach, BIM. 

 

 

Introduction 

 

The construction industry is experiencing issues of low-performance. There have been various 

potential solutions which shown signs of success. Information Technology (IT) has significantly 

affected the construction industry in recent years. Modern tools, such as Building Information 

Modeling (BIM), are becoming the new standard within the industry, and will more than likely 

replace 2D design development. Specialty contractors have steadily adopted BIM software 

hoping to increase efficiency. As of 2009, over 50% of architects, engineers and contractors were 

using BIM technologies (McGraw Hill, 2013), a 250% increase in a two-year span. Defining 

BIM, poses its own set of challenges. Logan, Jackson and Hainsworth (2014) define BIM as “the 

creation of cross-disciplinary, coordinated 3D models, incorporating 3D objects that can be 

presented across synchronized 2D drawings”. According to the team, the key to BIM’s success 

lies within the user’s ability to understand and connect information. Given that BIM is a 

specialized technology and relatively new, it is common for companies to hire BIM specialists to 

model the building and its components digitally (NBS, 2016). These are often recent graduates 

with advanced technological skills, but little to no real-world problem-solving skills. This 

typically results in building design and constructability flaws. BIM expertise is directly linked to 

experience. It is essential for BIM modelers to have prior industry experience.  
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Most research on BIM focuses on general contractors opposed to the specialty trades 

(mechanical, electrical, plumbing [MEP]). This creates a disconnect between the two and leaves 

a level of uncertainty how BIM is being used. Given the fickle nature of the construction 

industry, defining BIM and how it is being used within the industry is still unclear.  

 

Best Value Approach 

 

The “Best Value Approach” (BVA) is a supply chain management model licensed by Arizona 

State University’s (ASU) licensing arm Skysong Technologies. The BVA is the most licensed 

intellectual property (60 licenses over 20 years) developed at ASU (identified as the most 

innovative university for the past four years by the U.S. News and World Report. Arizona State 

University, 2018; U.S. News, 2018). This research has been tested over 2,000 times delivering 

over $6.6B of services in ten different countries (Kashiwagi, 2017; Rivera, 2017; PBSRG, 2018).  

 

The BVA is not a process-centered solution but requires a change in paradigm. The primary 

function of BVA is the utilization the expertise. This goal has three major components: 

 

1. Identifying experts through a competitive process using performance metrics.  

2. Allowing expert vendors to define the scope of work, create the risk mitigation plan, and plan 

the project from beginning to the end. 

3. Create transparency by using a simplified milestone schedule to track project time and cost 

deviations known as the Weekly Risk Report (WRR) and Director’s Report (DR). 

 

The entire process minimizes the professionals’ thinking and decision making in the entire 

supply chain, allowing the expert vendors to minimize cost by 5–30%, and minimize their caused 

time and cost deviations to under 1% (Kashiwagi, 2018a). 

 

This process is contrary to the price-based approach that clients have used for decades to deliver 

professional services. The Industry Structure (Figure 1) highlights the identification and 

utilization of expertise (Quadrant II) as the most efficient and effective approach (lower cost and 

higher quality and value) (Rivera, 2017; PBSRG, 2018, Kashiwagi, 2018). Since the BVA is not 

a process-centered solution, it is compatible with other construction processes and techniques 

such as Indefinite Delivery/Indefinite Quantity (IDIQ), Design-Bid-Build (DBB), Design-Build 

(DB), and Job Order Contracting (JOC) (Kashiwagi, 2016). 
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Figure 1: Industry Structure. 

 

Kashiwagi (2018) proposes that a price-based environment leads clients to manage, direct, and 

control (MDC) expert vendors. When MDC is present, the vendors’ expertise is minimized, and 

instead, they are required to meet the demands of the client. Kashiwagi proposes that client 

demands arise from minimum requirements, contract enforcement, litigation, increased 

communication, and collaboration. 

 

 

Research Objective and Methodology 

 

BIM is a relatively new software widely used in the construction industry. This research aims to 

understand how companies use the technology and how it can integrate with other solutions such 

as the Best Value Approach. This paper focuses on current BIM practices used by commercial 

MEP contractors and how the BVA can complement BIM.  

 

To meet the research objective, a literature review has been performed to identify, understand 

and analyze BIM and the BVA. The methodology conisists of hte following: 

 

1. Identify the existing practices and potential issues of BIM. 

2. Investigate the feasibility of using the BVA to address common BIM issues. 

3. Investigate the compatibility of BIM and BVA through previous documented cases.  

 

 

Literature Review 

 

BIM Utilization Amongst Trades 

 

The MEP sector of the construction industry is essential to a project’s overall success. BIM was 

introduced as a tool to assist in providing more efficiency within a project. MEP contractors are 

some of the highest adopters of BIM (Young, Jones & Bernstein, 2008). The Engineering News 

Record reported that 41% of trade contractors used BIM on 50% or more of their projects 

(2016). A study by Hanna, Boodai & Asmar (2013) found that 60% of MEP contractors were 

using BIM, 70% of electrical contractors in the U.S. were using BIM, and 51% of mechanical 

contractors were using BIM on projects. The study also revealed varying degrees of BIM 
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implementation, which could create inconsistencies between trades. BIM use was higher in 

larger companies as compared to smaller ones. The team also measured the level of expertise of 

BIM users and found that 59% considered themselves to be experts in BIM, while 41% 

considered themselves as beginners. Figure 1 illustrates the relationship between BIM experts 

compared to those considered as novice-users.  

 

MEP systems coordination involves establishing critical locations for components of systems in 

overfilled spaces not only to avoid obstructions but also to meet the necessary design, 

construction, and operations criteria. The process of MEP systems coordination provides 

opportunities to improve on project performance by an integrated approach (Tatum & Korman, 

1999). There are, however, some areas of improvement in current practice that still exists today. 

In Tatum and Korman’s study, the team sought to shorten and reduce the cost during design and 

coordination phases. They also sought to develop and implement a tool which would assist in the 

coordination of design input between MEP trades on complex projects.  

 

 
Figure 1: A Comparison of BIM Levels of Expertise (Hanna, Boodai & Asmar, 2013). 

 

Multiple software tools exist today, which are used in combination with BIM during both 

preconstruction and construction phases (Kensek, 2014). Typical modeling software includes 

Revit, AutoCAD and Autosprink VR, illustrated in Figure 2 below. BIM is typically depicted as 

the solution to team collaboration and coordination within the industry. However, according to 

Dossick and Neff (2010), this is not enough in creating project collaboration as MEP detailers 

were not only uncertain about the digital information they received, but they also felt the need to 

rely upon formal means of communication, separating them from those who contained the 

necessary information. Additionally, the general contractor typically takes the lead on MEP 

project collaboration and coordination; however, most MEP contractors believe their specialty 

trades should take the lead during the modeling coordination process. According to Khanzode 

(2008), for BIM technologies to reach its full potential, an integrated approach is required. It is a 

vital element because it promotes collaboration between owner, architect, engineer, and key 

trades. This is not possible with the traditional Design-Bid-Build delivery method given key 

personnel cannot partake in the process early on given the contractual constraints.  
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Figure 2: BIM Software Utilized by MEP Contractors (2013). 

 

According to Kensek (2014), some common uses of BIM include, but not limited to:  

 

• Project scheduling  

• Construction sequencing  

• Constructability analysis  

• Quantity take-off  

• Estimating and cost planning  

• Visual presentations  

• Clash detection 

 

Clash detection is a method of identifying and inspecting interference in a three-dimensional 

project model. It is perhaps one of the most mentioned uses of BIM within MEP contracting. 

While clash detection was shown to produce the most value amongst MEP trades (Hanna, 

Boodai, Asmar, 2013), it can also create multiple issues. When a large number of clashes are 

detected, it is more challenging to decipher results; this makes it harder to find high-risk clashes 

(Kensek, 2014). Prior to BIM technologies, clash detections transpired on the construction job 

site. It also involved overlapping two-dimensional drawings to examine clashes. This method 

was deemed ineffective and costly (ACD, 2012). 

 

Collaboration and Project Performance 

 

According to the BVA, performance increases when management, direction, and control (MDC) 

is minimized. Kashiwagi (2018) asserts that collaboration leads to MDC. When parties 

collaborate, the primary goal is knowledge transfer. If parties disagree, the only option is 

management and enforcement. Other researchers support this idea, proposing that collaboration 

increases the complexity of projects (Norton Rose Fulbright, 2017). 

 

BVA minimizes collaboration and MDC by encourage expert vendor participation in project pre-

planning stages. Before a project begins, the vendor will define the scope of work, create a risk 

mitigation plan, and create a detailed milestone schedule. Next, the client can clarify the 

vendor’s plan by asking questions. This permits the vendor to plan the project without being 

controlled by the vendor.  
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Through the duration of the project, BVA requires vendors to maintain a Weekly Risk Report 

(WRR) and a Director’s Report (DR). These documents provide high-level, non-technical 

performance metrics regarding risks, schedule, and cost deviation. The WRR summarizes 

performance of individual projects while the DR compiles information from multiple WRRs 

from different contractors and projects. Clients and other stakeholders can view these documents 

to gain a clear understanding of the current conditions of the project. 

 

Kashiwagi (2018), proposes that WRR/DR increase performance and cost savings because it 

reduces time and resources spent on administration and communication. On the other hand, any 

efforts that increase collaboration require more people, communication, clarification, and 

administration. 

 

 

Integrating BIM and the Best Value Approach 

 

The critical function of BVA is to ensure that clients utilize vendor expertise throughout the 

duration of the project (procurement and delivery). BVA minimizes the need for collaboration 

because it increases transparency along the supply chain. This allows non-expert clients to 

understand the performance and end deliverables of complex projects. 

 

MEP trades depend on BIM because it is a simple modeling tool that allows non-experts to see 

the deliverables of MEP projects and estimate how they might impact other components of 

construction. As technology progresses, BIM (and other similar software) will become more 

advanced and ubiquitous in the MEP industry (NBS, 2016). This technology can improve the 

efficiency of expert vendors and reduce communication among stakeholders. Risk may occur 

when non-expert clients use this technology to manage, direct, and control expert vendors. 

 

The BVA creates an environment that eliminates any MDC of expert vendors. By first 

implementing BVA, MEP vendors can use BIM more efficiently without incurring additional 

project risk. This will enable BIM to achieve the following: 

 

• Create more transparency between clients and vendors. 

• Allow MEP vendors to improve pre-planning and projections. 

• Allow MEP to improve information management on project sites. 

• Pave the way for system-automation and more advanced technology. 

 

BVA Case Studies 

 

The BVA has been tested through over 2,000 industry-based case studies. The authors have 

selected several case studies that showcase how BVA decreases collaboration but maintains 

high-performance. 

 

US Army Medical Command 

 

The United States Army Medical Command (MEDCOM) is a hospital construction organization 

that that struggled with poor project performance. MEDCOM manages the construction, 
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maintenance, and repair/renewal of over 26 medical facilities in the United States, servicing over 

5 million soldiers (active, retired, and their relatives) and civilian employees (U.S. Army 

Medical Department 2008). 

 

From 2005 to 2012, MEDCOM implemented the BVA on 600+ projects (Kashiwagi et al., 2009, 

Rivera, 2017). In that time, MEDCOM managed each project with an individual WRR, and 

compiled the data using a DR. In 2009, the MEDCOM group increased their performance: 

instead of 25% of projects delivered on time and 25% of projects deliver on budget, 40% were 

on time and 67% were on budget (Kashiwagi, et al., 2009) 

 

Large Environmental State Agency 

 

The State Agency is one of the largest environmental regulators in the United States (over 400 

employees) that manages various water, air and waste contaminants and pollutions in the State’s 

environment. Over the last decade, the State Agency has had difficulty with performing their 

environmental professional services and has become increasingly dissatisfied. The major 

difficulties upper management identified was the following (Rivera, 2017):  

 

1. Unable to identify performance and value of vendors (environmental experts). 

2. Vendors were not meeting the quality expectations of the State Agency.  

3. Management requirement of the vendors was too high. 

4. Inability to spend all available resources.  

 

The State Agency identified that the biggest impact was coming from its $7 milllion department, 

Waste (WD). The WD was responsible for over 50 sites and 10 seprate vendors on the indefinite 

delivery indefinite quantity contract. 

 

From 2015 to 2017, the State Agency tested the BVA in the WD on 194 projects [$21M budget], 

with 8 internal project managers. To minimize collaboration and confusion, upper management 

required each of their project managers to manage their projects using the WRR. Each week it 

was compiled into a DR and upper management would clear up any confusion in a weekly 

project management meeting. Overall, the results reported were:  

 

• Cut the procurement cost by $95K in the first year.  

• Client could spend 100% of its budget (minimized risk of not receiving funding from 

governor’s office).  

• All projects were delivered on time and on budget.  

• PMs received 36% more work from vendors.  

• PMs work capacity increased by 71%.  

• Minimized late invoices from 15 to 0, and reduced invoice discrepancies from 37% to 19%.  

• Acceptance of the BVA by vendors increased on average by 23%. 

• State Agency customer satisfaction increased by 28%.  
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Additional Case Studies 

 

Besides the case studies discussed above, the authors have identified additional studies that also 

suggest that BVA improves performance while minimizing collaboration (Rivera, 2017; PBSRG, 

2018; Kashiwagi, 2018):  

 

1. State of Minnesota testing on 400+ projects (2006-2010) show the vendor caused less than 

1% of project cost and time deviation.  

2. Dutch fast track projects (2009-2013) show that non-expert owner stakeholders caused over 

90% of time and cost deviations. 

3. State of Hawaii testing on 96+ projects (1998-2001) showed that vendors caused less than 

1% of the risk on maintenance projects 

 

Research Findings and Conclusion 

  

The most common usage of BIM among MEP projects is for project planning and estimation. 

However, these activities create more collaboration, such as clients using BIM as a method to 

communicate and manage vendors. The BVA reduces these issues by leveraging vendors’ 

expertise. The authors have identified multiple longitudinal cases which validate the potential 

impact of the BVA to BIM.  

 

While BIM may be a very effective analysis and pre-planning tool for MEP specialists, it cannot 

increase the expertise of non-experts. Collaboration creates an environment in which non-experts 

share their opinions and tell expert vendors what to do, thus devaluing expertise. The Best Value 

Approach (BVA), proposes that project performance increases when clients can utilize the 

expertise of vendors. This system minimizes collaboration, communication, and management of 

vendors. BVA can offer a simple solution that allows MEP specialties to use BIM without the 

need of collaboration. Under this system, BIM can create more transparency, improve pre-

planning, improve information management, and allow for more technological advancements. 

The authors propose that when experts use BIM, it will improve project performance. When non-

experts use BIM, it will increase risk. The authors recommend additional research to test the 

usage of BIM in a Best Value environment. 
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The purpose of this study is to determine the relative importance of key results areas (KRAs) and 

develop key performance indicators (KPIs) for construction portfolio performance management. 

The research methodology consists of the following steps: (1) Designing and conducting a fact-

finding survey of owners and contractors to determine the relative importance of KRAs; (2) 

Designing and conducting structured interviews to develop KPIs; and (3) Assessing the usefulness 

of the results. Unlike the literature that has consistently highlighted the importance of risk 

management for construction portfolio performance management, risk management is not among 

top five KRAs (schedule, cost, cash flow, change management and safety) identified in the survey. 

This represents the significant gap in how research community and industry look at portfolio 

performance management. When it comes to dashboard development, contractors and owners 

have different KRAs within their dashboard for portfolio management. The limited knowledge 

about the relative importance of KRAs is one of the most important barriers towards managing 

project portfolios. This study is the first attempt to critically examine the literature and practice of 

construction portfolio performance management in order to highlight noteworthy differences 

between KRAs studied by the research community and implemented by the industry. 

 

Keywords: Construction portfolio performance, Key performance indicator, Key results area. 

 

 

Introduction 

 

The practice of managing multiple projects in the construction industry is increasing in 

popularity. This growth allows organizations to maximize the use of their limited resources. 

Portfolio management (or program management) enables executives to focus on long-term 

strategic goals and address enterprise-level needs. Managing portfolios of small- to mid-sized 

projects provides unique benefits and opportunities in several management areas, such as 

strategic planning and risk management (Masoumi and Touran 2016; Ashuri and Tavakolan 

2015; Ashuri and Tavakolan 2012; El-Adaway and Kandil 2009; Touran 2009; Veshosky 1994). 

However, the benefits of managing projects at the portfolio level come with challenges that 

should be addressed appropriately to take full advantage of the potential opportunities and 

achieve companies’ strategic goals. The limited knowledge about the relative importance of key 

results areas (KRAs) is the most important barrier towards managing project portfolios. In 

addition, key performance indicators (KPIs) should be identified and used within proper 

dashboards to support the management of a portfolio of construction projects. These key 

performance indicators are selected from key results areas that show the importance of key 
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results areas. The identification of top KRAs and development of KPIs pave the way to develop 

effective dashboards for KRAs. 

 

Most research studies on construction portfolio management have focused on the areas of risk 

management, financial management, and resource management. In the area of risk management 

for multiple construction projects, Kangari and Riggs (1988) investigated the difficulties in the 

practical application of the portfolio theory in construction. Touran (2009) developed a 

mathematical model to evaluate how the increase in the confidence level in probabilistic risk 

assessment of multiple construction projects impacts budgets. El-Adaway and Kandil (2009) 

developed a technique for calculating the portfolio insurance premium. Masoumi and Touran 

(2016) developed a framework to help organizations form their project portfolios considering the 

organizational strategic goals and risk tolerance level. Ashuri et al. (2018a, b) developed a risk 

management system for the Georgia Department of Transportation.  

 

In the area of financial management for multiple construction projects, Kim and Liu (2007) 

developed a cost-based project model that is suitable for managing multiple construction 

projects. Kishore et al. (2011) and Kaka and Lewis (2003) developed cash flow forecasting 

models for a portfolio of construction projects. El-Abbasy et al. (2012), Elanouzi and Abido 

(2011), and Elanouzi (2009) developed finance-based scheduling for multiple projects to 

minimize cash flow deficit risk in financial management of construction project portfolios. 

 

In resource management for multiple construction projects, Chen and Shahandashti (2009) 

created hybrid genetic and simulated annealing algorithms for scheduling multiple construction 

projects with multiple resource constraints. Genetic algorithm and simulated annealing have also 

been individually developed for scheduling multiple construction projects with multiple resource 

constraints (Tavakolan and Ashuri 2012a, b, c; Tavakolan et al. 2011a, b; Chen and Shahandashti 

2008; Chen and Shahandashti 2007a, 2007b, 2007c). Cheng et al. (2006) focused on 

organizational human resource planning for multiple projects. They created a team-based human 

resource planning method that includes four phases: process reengineering, data preparation, 

human resource allocation, and simulation. Resource management for multiple construction 

projects is also briefly assessed in a few research studies that focus on construction program 

management (Shehu and Akintoye 2010; Shehu and Akintoye 2009; Shehu and Akintoye 2008). 

For example, Shehu and Akintoye (2008) list resource allocation and resource control as required 

skills and competencies for managing multiple projects. Finally, Blomquist and Müller (2006) 

conducted a study for the Project Management Institute (PMI) to determine the middle 

managers’ roles and responsibilities in portfolio management. Although they identified several 

roles and responsibilities of middle managers in successful companies, they did not focus on 

portfolio performance management using KPIs in the context of the construction industry. 

 

Despite the wide recognition of the critical role that construction performance management using 

KPIs plays in success of construction projects (Kumaraswamy and Thorpe 1996; KPIs Working 

Group 2000; Chan et al. 2004; Ramirez et al. 2004; Yu et al. 2007), only a few studies have 

focused on construction portfolio performance management using KPIs (e.g., Suk et al. 2012; 

Alvarado et al. 2004). Construction performance management refers to not only the process of 

monitoring past performance but also the process of improvement of individuals and teams 
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within a construction organization (Bernold and AbouRizk 2010). It includes measures of self-

measurement and value-added processes (Bernold and AbouRizk 2010). 

 

Suk et al. (2012) created a performance dashboard for a pharmaceutical project benchmarking 

program. They used a relative comparison method and weighted KPIs to generate an overall 

performance score at the project and portfolio levels. The overall project performance was a 

combined score of four performance categories: cost, schedule, quality, and dimension.  

Alvarado et al. (2004) proposed a method to assess schedule performance and budget 

performance for construction portfolios. They proposed a dashboard system for assessing the 

performance of portfolios. They also displayed weighted schedule performance and budget 

performance for a portfolio of construction projects. The earned value was the basis for 

weighting.  

 

Therefore, past research efforts in the area of construction portfolio management mostly focused 

on financial management, risk management, and resource management with emphasis on 

portfolio prioritization tools and techniques, and not on the performance management. In the rare 

studies focused on construction performance management, the developed methodologies are 

either too complex for industry application or too specific to an industry sector or a performance 

area. Most importantly, these studies do not provide any insights into the relative importance of 

KRAs for construction portfolio performance management. Overall, the limited knowledge about 

the relative importance of KRAs inhibits our capabilities to develop effective dashboards where 

KRAs are necessary. The emphasis of the research is to focus on the projects that are already 

selected and assigned to a specific portfolio and strive for identifying KRAs and developing 

KPIs that are applicable to current industry practice. 

 

The objective of this study is to determine the relative importance of KRAs for construction 

portfolio performance management and develop KPIs to measure construction portfolio 

performance in KRAs. In the context of this research, a portfolio is defined as a group of related 

or unrelated projects and programs managed by a single individual. This definition was arrived at 

after discussions within the research team including representatives from nine owners and eight 

contractor organizations. Survey and interview results are discussed after the research 

methodology is described in the next section. KPIs are developed after the survey and interview 

results are analyzed. The usefulness of the results is assessed before conclusions are provided. 

The usefulness of findings of this study was assessed through a survey that was distributed 

among industry experts. The reviewers were asked to rate the usefulness of the results on a scale 

of 1 (not useful) to 10 (very useful). 

 

 

Research Methodology 

 

The research methodology consists of the following steps: (1) Designing and conducting a fact-

finding survey of capital project owners and contractors to determine the relevant importance of 

KRAs; (2) Designing and conducting structured interviews with selected firms to develop KPIs; 

and (3) Assessing the usefulness of the results. 
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Following a thorough literature and background review, the research team including both 

academic and industry members (nine owners and eight contractors) investigated and discussed 

the gaps in knowledge. The research team identified assessing the relative significance of KRAs 

as one of the main limitations of the current literature in construction portfolio performance 

management.  

 

The identified gap in knowledge was used as the focus of developing survey questions. The 

survey questionnaire research method was used to review state-of-practice with respect to 

portfolio management in the U.S. construction industry. Considering the objectives of this study 

a survey questionnaire was designed to understand differences in portfolio performance 

management practices as utilized by owners and contractors of major capital projects in the U.S. 

Within each section, the survey respondents were required to identify, and rate statements based 

on their importance and expand responses if it was deemed appropriate. The main goal of the 

authors in the survey design was to achieve a sufficient level of rigor. Thus, every attempt was 

made to avoid general arguments and include well-explained statements that had grounds in the 

academic or professional portfolio management literature. 

 

The industry members of the research team examined the adequacy and overall reasonableness 

of survey questions. In addition, the developed survey was pilot tested by five industry 

professionals who are knowledgeable about portfolio management. Based on the feedback from 

these individuals, minor modifications were made to the survey terminology or statements with 

the potential to deviate the respondents from the survey objectives. The final survey was 

distributed in an online format through e-mail to experts in the U.S. construction industry.  

 

The online survey was conducted using SelectSurvey™. Every effort was made to increase the 

rate of response. In addition to Construction Industry Institute (CII) members, the Construction 

Management Association of America (CMAA) was contacted to reach their membership. Both 

CII and CMAA members were contacted to get sector-independent results that are relevant to the 

construction domain and not specific to only capital projects or general building. The CMAA 

leadership helped to reach their membership and encouraged their members to respond to this 

research effort. The team also contacted the members of the Construction Users Round Table 

(CURT). In total, 306 emails were sent to individuals in 251 organizations. The research team 

through follow-up emails contacted the recipients and encouraged them to respond. 

 

The survey also served as the screening tool for selecting the potential firms for in-depth follow-

up interviews. The structured interview research method was employed to develop a set of 

effective KPIs for construction portfolio management. The interviews engage the interviewees in 

active conversation and enable documentation of intriguing arguments on various aspects of 

implementing portfolio performance management in the U.S. construction industry, specifically 

main KPIs used in the portfolio dashboards.  

 

The goal of the interview process was to engage subject matter experts on identifying common 

KPIs for managing the performance of the construction portfolio. The responses to the survey 

were analyzed to identify firms with noteworthy practice in construction portfolio performance 

management for conducting follow-up interviews. Willingness and cooperation of the firms, 

diversity in the industry sector, and geographical location were also considered in selecting firms 
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for an interview. The interview questions were prepared in collaboration with the industry 

members of the research team. The developed interview template was pilot tested with three 

subject matter experts with expertise in developing KPIs for construction portfolio. Based on the 

feedback from these individuals, minor modifications were made to the interview questions to 

enhance the clarity of questions and align them with the overall goal of the research. 

 

 

Analysis of survey results 

 

The research team developed and conducted an online survey with the purpose of determining 

the relative importance of KRAs for construction portfolio performance management. Another 

purpose of the survey was to help in screening and identifying the most appropriate firms for in-

depth face-to-face interviews to develop KPIs for construction portfolio performance 

management. The response rate was about 45% of email recipients and 36% of organizations. 

These rates compare favorably with similar data collection efforts using online survey tools 

(Hamilton 2009; Nulty 2008). 139 individuals from 90 firms responded to the survey.  

 

Descriptive information of the responding firms 

 

Slightly over half of those responded to the survey (approximately 59%) categorized themselves 

as owners. The roles of those responded to the survey can be categorized as project manager 

(12.2%), program manager (10.1%), portfolio manager (12.2%), project director (11.5%), project 

controls manager (9.4%), and others (44.6%). The roles of individuals as “others” participating 

in the survey are typically related to the top managerial hierarchy in their firms/organizations. 

The roles of individuals as “others” include director of capital project management, manager of 

project management and controls, and engineering manager. 

 

Figure 1 shows the percentage (number) of surveyed firms in each industry sector. More than 

half of those surveyed are engaged in heavy industrial construction. Several of the organizations 

surveyed are engaged in more than one sector of the construction industry; hence the percentages 

sum to well over 100. Approximately 97% of those surveyed work for an organization where 

people managing a group of projects. 
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Figure 1: Percentage of Firms in Each Industry Sector. 

 

Most organizations do not assign more than ten projects to one individual; 35.6% of 

organizations assign less than six projects to an individual, and 18.4% of organizations assign 

between 6 to 10 projects to a single manager. Almost half of those surveyed (46%) work for 

organizations with portfolios of over $50 million. Only 8% of those surveyed work for 

organizations with portfolios of less than $5 million. Over three-quarters of respondents (76.8%) 

work for organizations where a typical project in a portfolio has a duration of longer than one 

year, while about one-third (32.6%) have projects that are typically over two years in duration. 

 

The relative importance of KRAs for construction portfolio performance management 

 

Approximately 81% of respondents reported that their firms use metrics to measure and monitor 

the performance of projects at the portfolio level. The performance of projects refers to the 

performance in one of the following areas: schedule, cost, cash flow, procurement, resource 

allocation, communication, quality, scope, change management, safety, and risk management. 

Surprisingly, cost, schedule, cash flow, change management and safety are the top five areas in 

which both contractors and owners use metrics for measuring the performance of projects at the 

portfolio level (Figure 2). This represents the significant gap in how research community and 

industry look at portfolio performance management. It should be noted that inherent risk (Kim 

and Reinschmidt 2009) might be involved in the top five KRAs. For instance, risk analysis is 

typically conducted in conjunction with scheduling and cost management. KPI category in 

Figures 2, 3, and 4 refers to those metrics that show the performance of a company in achieving 

business objectives. KPIs show how effectively a company achieves its key business objectives. 

KPIs are different from project-level performance metrics, such as schedule and cost metrics. 

KPIs, such as Return on Investment (ROI) and several new customers, are not project-level 

metrics but company-level performance measures. 
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Figure 2: Statistics on Metrics in Diverse Areas for Measuring Performance of Projects in a 

Portfolio. 

 

Figure 3 shows areas where firms need to improve metrics at the portfolio level. While the 

schedule is the top area that contractors underlined the need to improve metrics, resource 

management is the top area that owners highlighted the need for improvement. 

 

Figure 3: Statistics on Areas that firms Need to Improve Metrics at the Portfolio Level. 

 

Approximately 60% of those questioned reported that their company uses a dashboard or 

scorecard to monitor the performance of portfolios. Cost and schedule are the top two areas for 

which contractors and owners have metrics within their dashboards (Figure 4). Besides cost and 

schedule, contractors chose change management as the third top area where they use metrics, 

while owners chose safety and cash flow as the third and fourth top areas for the use of metrics.  
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Figure 4: Statistics on Areas that Metrics Included in the Scorecard/Dashboard. 

 

 

Analysis of interview results 

 

The online survey data were analyzed for selecting a subset of surveyed firms for structured 

interviews. The purpose of the interviews was to develop effective KPIs for construction 

portfolio performance management. Therefore, 15 firms with construction portfolio performance 

management were selected for structured interviews. Willingness and cooperation of the firms, 

diversity in the industry sector, and geographical location were also considered in the selection 

of the 15 firms. Based on the answers to six questions in the survey, a score of 0, 5 or 10 was 

assigned to each response and the firms with a total score of 40 or higher (out of a possible 60) 

were shortlisted for the structured interview. The shortlisted roster consisted of 32 firms. Finally, 

15 firms were selected considering the success in portfolio management, willingness and 

cooperation of the firms, diversity in the industry sector, and geographical location. 

 

Descriptive information of the interviewees 

 

Table 1 shows the breakdown of the interviewed firms based on industry sector. It also shows 

whether they can be categorized as owners or contractors. 
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Table 1: Breakdown of the interviewed firms. 
FIRMS Owner Contractor Government Non-Government Infrastructure Building Heavy Light 

1 ✓ 
  

✓ 
  

✓ 
 

2 ✓ 
  

✓ 
   

✓ 

3  
✓ 

 
✓ 

  
✓ 

 

4  
✓ 

 
✓ 

  
✓ 

 

5 ✓ 
  

✓ 
  

✓ 
 

6  
✓ 

 
✓ 

  
✓ 

 

7 ✓ 
 

✓ 
  

✓ 
  

8 ✓ 
  

✓ 
  

✓ 
 

9 ✓ 
  

✓ 
   

✓ 

10 ✓ 
 

✓ 
 

✓ ✓ ✓ ✓ 

11 ✓ 
  

✓ 
 

✓ ✓ ✓ 

12 ✓ 
  

✓ 
  

✓ 
 

13 ✓ 
 

✓ 
 

✓ ✓ 
  

14 ✓ 
 

✓ 
 

✓ 
   

15 ✓ 
  

✓ 
  

✓ 
 

 12 3 4 11 3 4 10 4 

 

About half of the interviewees (7 out of 15) have more than 50 projects in their portfolios at top 

level. This implies that interviewees belonged to larger firms in comparison to the average firm 

that responded to the survey because the online survey (previous section) indicated that the most 

common case was where the number of projects in the portfolio was “less than 6”. The majority 

of firms (13 out of 15) have projects with typical durations above 12 months within their 

portfolios. Figure 5 shows the number of firms using metrics in different areas for portfolio and 

project management. As shown in Figure 5, there are at least three firms in each key result area 

that facilitated the development of KPIs. 

 

 
Figure 5: Number of Firms Using Metrics in Different Areas for Portfolio and Project 

Management. 
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KPIs for construction portfolio performance management 

 

All the interviewed firms have some types of KPIs to measure portfolio management success. 

Some of these KPIs (e.g., number of milestones completed) can be readily calculated by rolling 

up project information to the portfolio level while others (e.g., bid amounts as a percentage of 

engineering estimates) are more complicated. Parameters that roll up from the project level to the 

portfolio level are safety indicators, average number of change orders, cost related metrics (e.g., 

cash flow target achievement rate, actual versus planned cost, annual and total portfolio budget, 

return on investment, percentage of projects to be finished under the budget, percentage of on-

time payments to contractors, percentage of planned cost for the current year expenditure, 

percentage of authorization for expenditure spent on completed projects), and schedule related 

metrics (e.g., number of actual versus planned milestones achieved during a specific period, 

percentage of projects completed on time). A few firms use more complicated KPIs that are 

related to predictability, performance, competitiveness, productivity, and quality. It should be 

noted that there is a concern by most firms that too many KPIs hinder decision-making. There is 

a trade-off between the comprehensiveness and simplicity for managing a portfolio of 

construction projects. Although more KPIs may provide more comprehensive awareness about 

the status of construction portfolio in multiple dimensions, the complexity of having too much 

information may hinder decision making considering the limited cognitive capabilities of 

decision makers. Although information included in KPIs are important, the most important 

information included in a few KPIs should be highlighted through prioritization of the KPIs. 

Therefore, the number of KPIs should be limited to those that are absolutely required. 

 

The fact-finding surveys and the follow-up interviews yielded a number of KPIs used by owners 

and contractors for portfolio performance management. Table 2 presents the KPIs that are 

recommended to help portfolio managers determine what to measure to improve performance in 

each KRA. 

 

Table 2: Recommended KPIs for KRAs at the Portfolio Level 
KRAs Suggested KPIs 

Schedule • Number/ percept of milestones completed (or missed) vs. planned 

• Number/ percent of projects on (or behind) schedule 

• Total/ average days ahead of (or behind) schedule 

• Schedule durations compared to benchmarks (average for portfolio) 

• Number/ percent of projects with schedule durations longer (or shorter) than benchmarks 

Cost/ 

Cash Flow 

• Actual cost-to-date and revised forecast vs. planned (monthly and cumulative)  

• Cost variation (monthly and cumulative) – at project and portfolio level 

• Estimated completion cost vs. original/ current budget 

• Number/ Percent projects within (or over) budget 

• Total portfolio cost vs. budget 

• Project cost estimates vs. benchmarks (average for portfolio) 

• Number/ percept projects with costs higher (or lower) than benchmarks 

Safety and 

Environment 

• Safety and environmental incidents (first aids, recordable injuries, days-away-from-work injuries, spills, 

releases, etc.)  

• Incident frequency rates 

• 12-month rolling average of incident rates 

• Number of environmental permits outstanding 

• Near misses (a near miss is an event that could potentially result in damage, injury, or illness, but it did not.) 

• Proactive safety activities (documented audits, job safety analyses, hazard identifications, etc.) 
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Change 

Mgmt./ 

Scope 

• Number of requests for information (RFIs) 

• Total number of scope changes 

• Total cost of scope changes/ change orders 

• Total changes as percent of original approved budget 

• Total value or percentage of estimate omissions 

Resource 

Allocation 

• Project team member turn-over 

• Planned vs. actual engineering/ construction hours  

• Planned vs. actual resources (human resources (full-time employees), equipment, etc.) 

• Capital efficiency (value of projects managed) per project manager 

• Percent utilization of resources (e.g., project team members, equipment) 

Proc./Supply- 

Chain 

• Actual vs. planned number of purchase orders/ contracts issued 

• Number/ percept of late deliveries 

• Bid amounts as percentage of engineering estimates 

• Locally-sourced (high value offshore, minority participation, etc.) as percentage of total procurement 

Quality • Average project definition rating index (PDRI) score at project funding (or earlier stage gates) (as a 

potential leading indicator of project quality) 

• Number of defects (welds, test failures, etc.) 

• Percentage of rework 

• Number/ percent of projects completed with (or without) significant issues  

• Number of deficiencies open for more than target resolution period  

Risk Mgmt. • Summary/ status of known risk issues and mitigation plans  

• Risks mitigation actions completed for the reporting period 

• Risks eliminated (or unrealized) during the reporting period 

• New or emerging risks identified during the reporting period 

Client 

Satisfaction, 

Other 

• Customer satisfaction index 

• Training and development status 

• Number (or Percentage) of projects in each project stage 

• Overall portfolio performance index = Number of Successful Completed Projects ∗/
Total Number of Projects Planned to be Completed 

*Success is defined by meeting predetermined schedule, cost, safety, and operability targets 

• Number or percent of projects in each project phase 

 

The portfolio dashboard will have a limited number of simple, easy-to-understand, objective 

KPIs but with enough underlying detail to allow portfolio managers to drill down to specific 

projects. Portfolio managers need to carefully consider what KPIs actually measure as tracking a 

single KPI may lead to the wrong conclusions. For example, measuring overall cost performance 

by totaling actual cost versus planned (e.g., $200M actual cost versus $250M planned cost) for 

the entire portfolio can be misleading even when the numbers appear to be comparable if a 

number of projects are grossly overspending and others have not made progress at all. Using this 

KPI in conjunction with one that measures the percentage of projects that are within +/- 10% of 

their planned costs (e.g., 95% of projects within +/- 10% of their planned costs) would give a 

much better picture of overall cost performance. In this case, two KPIs are better than one. 

Another consideration is which KPIs to trend over time. Trending KPIs is typically used to 

determine whether or not performance improvement actions have been effective.  

 

There are various methods that firms use to communicate the performance of their portfolios. On 

one end, there is a firm that merely reviews the performance in monthly meetings with the 

director. On the other end, there are firms having established databases, written reports, and 

dashboards for reporting and communicating the portfolio performance. 
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Dashboards for construction portfolio performance management 

 

A performance dashboard can be defined as “a multilayered application built on business 

intelligence and data integration infrastructure that enables organizations to measure, monitor, 

and manage performance more effectively” (Eckerson 2006). Dashboards could be used to 

effectively communicate performance of portfolios of construction projects (Suk et al. 2012; 

Alvarado et al. 2004). 

 

While ten firms use some sort of dashboard to report project performance, five firms do not use 

dashboard(s) to communicate portfolio performance in different management areas. Traffic light 

dashboards are extremely popular and perceived critical by upper management in most 

organizations. A number of companies use traffic light dashboards to report status in a variety of 

areas, such as scope, schedule, and cost. The recommended approach is to tie colors to pre-

determined targets. The Red, Yellow and Green colors are generally used; Green = good, Yellow 

= caution, and Red = bad conditions of different metrics. 

 

Identifying what KPIs are shown on the dashboard is a critical and challenging task since there 

are various groups and stakeholders in one organization that have an interest in the overall status 

of a portfolio. The interviewed firms described an ideal dashboard with the following 

characteristics: simplicity (too many metrics make the dashboard complicated); consistency in 

format (standardization); data integration and interoperability; quantitative representation; 

capability of drilling down to specific projects and problems; objective assessment of different 

areas in a consistent manner across all projects in the portfolio; transparency; accessibility; 

scalability (what layer of information should be provided to who, when, and how?); presentation 

of an optimal level of KPIs; effectiveness and usefulness of performance information; and 

monthly updating. 

 

Another issue of importance was if the firms use different types of dashboards to report to 

different managerial levels. Three firms responded that they do not use the same dashboard for 

reporting to various management levels. One of these firms provides customized dashboards 

based on the users’ needs at different managerial levels inside their firms while they also have 

some standard reports. Another firm provides a specific report for the board of directors, but 

other users have the same dashboards. One firm uses the same dashboards, but the access to the 

information on the dashboard for each person is different. The metrics are the same; however, 

the number of reports in each portfolio level varies.  

 

Figure 6 represents schematic representation of a dashboard for construction portfolio 

performance management. This dashboard evaluates project status in several areas, such as cost. 

The Red, Yellow and Green method is used in the dashboard (Green = good, Yellow = caution, 

Red = bad). 
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Figure 6: Schematic Representation of a Dashboard for Construction Portfolio Performance 

Management 

 

 

Usefulness of the Findings for the Construction Industry 

 

The usefulness of findings of this study was assessed through a survey that was distributed 

among industry experts. The reviewers were asked to rate the usefulness of the results on a scale 

of 1 (not useful) to 10 (very useful). A unipolar rating scale was used to assess the usefulness of 

the findings by requesting the respondents to evaluate the presence and absence of the usefulness 

quality on a scale of 1 (not useful) to 10 (very useful). The reviewers were also asked to include 

any comments. The survey helped the research team rigorously evaluate the usefulness of the 

findings. Overall, 12 industry experts responded to assess the usefulness of the findings. These 

industry experts were affiliated with nine different organizations. It should be noted that the goal 

was the solicitation of industry experts’ opinion on the usefulness of the findings (not the data 

acquisition with statistical significance). 

 

The findings were considered useful by most of the reviewers. The average rating given to the 

usefulness of the findings was 7.2, and the lowest and highest ratings were 5 and 9, respectively. 

The findings were considered very informative and well developed. More specifically, Table 2 

was considered very helpful. In addition, most of the reviewers liked the KRAs and KPIs. A 

reviewer indicated that in reality, “many times we do not have these basic metrics yet and much 

of our effort is consumed in getting these items.” Hence, the metrics should be defined and 

redefined. The other collected comments are summarized here: “too many KPIs are hard to use 

in decision making and rolling up some KPIs could mask meaningful variances that need 
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attention”, “trending some KPIs has been effective”, providing a common format for data 

collection is a must”, and “PMs must own the data”. 

 

 

Suggested Areas for Research and Development 

 

The suggested areas for further research and development, collected from the survey and 

interviews, are summarized as the following: 

 

• Exploring effective portfolio data management. 

• The gating process, budgeting process, and benefit analysis components. 

• Studying front-end planning tools and applicable front-end metrics available to portfolio 

managers in further details. 

• Exploring Integrated Project Management Team Approach. 

• Identifying different ways to select and create a portfolio from an upper management 

perspective. 

• Studying the workload assessment tool. 

• Explaining the correlation between PDRI and portfolio performance metrics. 

• Exploring the need for and studying the impact of expedited approvals and expedited 

procurement on the smaller portfolio. 

• Discussing engineering as a percentage of Total Installed Cost (TIC) issues. 

• Standardizing data exchange between contractors and owners, specifically around data 

required to manage the portfolio by owners. 

 

 

Conclusions 
 

Unlike the literature that has consistently highlighted the importance of risk management for 

construction portfolio performance management, risk management is not among top five KRAs 

(schedule, cost, cash flow, change management and safety) identified in the survey. This 

represents the significant gap in how research community and industry look at portfolio 

performance management. The risk management research results have not yet found its way into 

the practice of portfolio management in the construction industry. These results also show the 

research need to focus further on what found important in the construction industry. 

 

The limited knowledge about the relative importance of KRAs is one of the most important 

barriers towards managing project portfolios. This study contributes to the state of knowledge 

and practice by examining the literature and practice of construction portfolio performance 

management in order to highlight noteworthy differences between KRAs studied by the research 

community and implemented by the industry. While schedule is the top area that contractors 

underlined the need to improve metrics, resource management is the top area that owners 

highlighted in need for improvement. Cost and schedule are the top two areas for which 

contractors and owners have metrics within their dashboards. Besides cost and schedule, 

contractors chose change management and procurement as the third and fourth top areas, while 

owners chose safety and cash flow as the third and fourth top areas for the use of metrics. The 

results of the survey and the structured interviews yielded several KPIs, presented in this paper, 
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to help portfolio managers determine what to measure to improve performance in each KRA. 

This research is subject to sample size limitation. Moreover, the usefulness has not been 

observed; it has been evaluated based on the perception of industry experts. 
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The delivery of services to government groups have historically been unsatisfactory. Multiple 

studies have identified these services as low performing. Studies have also found that information 

communication technology services have been one of the worst performing services over the last 

10 years. The Performance Based Studies Research Group (PBSRG) has been testing a delivery 

model, called the Best Value Approach, for the last 20 years that can ensure government groups 

receive high performing services. The major issue that the BVA approach encounters is it requires 

the organization to change their normal way of delivering services. It requires the organization to 

minimize their management, direction, and control of the vendors and instead, utilize their 

expertise. This paper will review a case study with a local government organization (LGO) and 

their issues with trying to apply the BVA to deliver their Peoplesoft software.  

 

Keywords: Case study, Local government, Delivery of services, Procurement, Information 

technology, Best Value Approach.  

 

 

Introduction 

 

Poor Performance of the Delivery of Services 

 

The delivery performance of information technology (IT) services to government groups has 

been poor (Institute for Defense Analysis, 2011; US Department of Commerce, 2011; US 

Government Accountability office, 2008). According to a study performed by 

PricewaterhouseCoopers, only 2.5% of projects in the world are defined as successful (scope, 

cost and schedule), and an estimated $4 billion to $12 billion per year is spent to resolve disputes 

and claims (Lepatner, 2007; PWC, 2009; Yun, 2013). More unsettling statistics include (MIT, 

2003; HR Magazine, 2006; Lepatner, 2007; Yun, 2013): 

 

1. Only 30% of projects are completed within 10% of planned cost & schedule.  

2. There is approximately 25 to 50% waste in coordinating labor on an average project. 

3. Management inefficiency costs owners between $15.6 and $36 billion per year. 

4. Rework by contractors is estimated to add 2-20% of expenses to a contractor’s bottom line. 

 

Information communication technology (ICT) services are one of the worst performing 

industries. ICT projects across the world are under-performing. The industry is having difficulty 

delivering services on-time, on-budget, with high customer satisfaction. Projects are evolving 

into mega-projects, which include multiple stakeholders who cannot effectively work together. It 

is common practice for the buyer and the buyer’s project managers tell the expert vendor what to 

do from the start of the project. Due to the management, direction, and control of the buyer, 
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expert vendors are in a reactive environment and their expertise is devalued. This has led to poor 

project performance globally, especially in the ICT industry. 

 

Delivery of IT projects on time, on budget, and with satisfied customers has been estimated at 

15-30% (De Marco, 1982; Dorsey, 2000; Grossman, 2003; IT-Cortex, 2014; Sauer & 

Cuthbertson, 2003; Standish Group, 1995). The ICT Industry has a failure rate of 70% on all 

projects based on the following survey reports: 

 

1. The OASIG Study (1995). 

2. Chaos Report (1995). 

3. The KPMG Canada Survey (1997). 

4. The Bull Survey (1998). 

5. Robbins-Gioia, LLC (2001). 

6. The Standish Group Chaos Reports (1995-2011). 

 

McKinsey & Company analyzed over 5,400 projects and reported 50% of IT projects on average 

are 45% over budget, 7% over time, 56% less value than predicted and 17% of projects end so 

badly they can threaten the life of the company (McKinsey & Company, 2012). IT companies 

cannot see what is happening during their projects and are unable to know when they are at risk. 

The Business Harvard Review did an analysis of 1,471 IT projects and reported an average cost 

overrun of 27%, of which 17% had a failure high enough to threaten the company’s existence, 

with an average cost overrun of 200% and schedule overrun of 70% (Budzier & Flyvbergj, 

2011). This lack of vision on projects reveals the complexity of the projects and the lack of 

expertise by those involved. Venugopal and Suryparakasa’s survey of enterprise resource 

planning (ERP) systems reported that 51% of ERP implementations were viewed as 

unsuccessful, 46% of the participants noted that while their organization had an ERP system in 

place, or was implementing a system, they did not feel their organization understood how to use 

the system to improve the way they conduct business (Venugopal and Suryaprakasa, 2011).  

 

The United States has also experienced a high failure rate with IT projects, reportedly spending 

billions of dollars on projects which are incomplete, cancelled, or nonfunctional (Kashiwagi and 

Kashiwagi, 2014). Notable projects include: 

 

1. The United States Air Force attempt to automate and streamline their logistics operations by 

consolidating and replacing over 200 separate legacy systems. This includes projects 

cancelled after spending $1.1 billion, incomplete projects and non-functional projects 

(Institute for Defense Analysis, 2011; Kanaracus, 2012; United States Senate Permanent 

Subcommittee on Investigations, 2014). 

2. State of California attempt to merge 13 separate payroll systems into a single system that 

served 243,000 employees. It was cancelled after spending $254 million and the project was 

determined to be nonfunctional (Chiang, 2013; Kanaracus, 2013). 

3. The Census Bureau’s attempted to convert to handheld computers for 2010 census. It was 

cancelled after spending up to $798 million, deeming the project as non-functional (Nagesh, 

2008; US Department of Commerce, 2011). 

4. The IRS continual attempts to update their system from legacy software. Projects cancelled 

with over $4 billion spent (Hershey, 1996; Moseley, 2013; Thompson, 2012). 
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5. The US Government online healthcare website, “Obamacare”, was originally budgeted for 

$93 million. Official statements of costs have not been calculated but estimations calculated 

it to be as high as $634 million (Costello & Mcclaim, 2013; Dinan & Howell, 2014; Vlahos, 

2013). 

6. The Federal Aviation Association attempt to consolidate terminal automation system for an 

initial $438 million; the cost increase has been estimated to be $270 million. When reported 

the project was still ongoing and nonfunctional (Levin, 2013; Perera, 2013). 

 

Poor Performance of the Delivery of IT Services 

 

There are two potential causes of nonperformance in delivering IT services: 

  

1. Project Management model problem. The project management model “Agile” is being 

utilized, and maximizes the use of management, direction and control, participation of a 

client’s representative, and the minimization of the utilization of the vendor’s expertise (clear 

plan of what will be delivered and how it will be delivered). 

2. Management attempts to control the vendors. The traditional procurement system being 

utilized is based on the client’s IT and procurement group directing the expert vendors on 

what to submit, then making decisions on who is qualified based on the perceived expertise 

of the owner/buyer’s group. The owner’s group then uses a project management office 

(PMO) to manage, direct and control the vendor. 

 

The Industry Structure (IS) chart (Kashiwagi, 1992) identifies that the problem with the 

traditional project management delivery methods is due to the owners attempting to minimize 

risk by the management, direction, and control of the vendor (Figure 1). Testing at Arizona State 

University (ASU) Performance Based Studies Research Group (PBSRG) has shown that, when 

expertise is identified and utilized, the expert vendor time and cost risk is less than 1%, and 

customer satisfaction is at 98%. Testing has shown that the client/buyer is responsible for over 

90% of project cost and time deviation (project results from the state of Minnesota, the U.S. 

Army Medical Command and the Rijkswaterstaat Fast Track projects). 

  

 
Figure 1: Industry Structure Chart. 
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The IS logic is supported by the 25 years of research testing at PBSRG. The results include: 

 

1. 1,900 tests delivering $6.6B of services with 98% customer satisfaction (Duren and Doree, 

2008).  

2. Tests were run in 33 different states in the U.S. and 7 different countries.  

3. 98% customer satisfaction, less than 1% vendor cost and time deviation. 

 

The IS logic was also supported by the Schuberg Philis (SP) research study that showed that the 

SP approach of eliminating management, direction and control in the delivery of IT services led 

to the following results (Kashiwagi D. & Kashiwagi I., 2014): 

 

1. Most successful IT vendor performance in the Netherlands. 

2. 90% customer satisfaction and 99% would hire them again.  

3. Continual increase in turnover or volume of work. 

 

Performance Based Studies Research Group (PBSRG) at Arizona State University 

 

The PBSRG was founded by Dr. Dean Kashiwagi in 1993 to identify the source of project 

nonperformance, identify solutions and create processes which would minimize or eliminate the 

poor performance. PBSRG used a unique approach to solving procurement and vendor 

performance issues. They used the following concepts: 

 

1. Identify and utilizing expertise increases value and minimizes project cost. 

2. Experts have no risk. They can observe unique initial conditions and see in the future. 

3. The biggest source of project cost and time deviation is the client. 

4. Experts use a WRR to create transparency to mitigate risk. Risk mitigation happens before 

the project begins. 

5. When the client/buyer manages, directs and controls the vendor, the quality decreases. 

6. Verbal or written communication is not efficient or effective in delivering performing 

services. 

 

PBSRG has the following performance history: 

 

1. 24 years research duration. 

2. $17.6 M research funding. 

3. 1,900 tests implementing the Best Value Approach (BVA) to optimize the delivery of $6.6B 

of services with 98% customer satisfaction. 

4. Education and research testing in 12 countries and 33 states in the United States. 

5. BVA education includes a theoretical Information Measurement Theory (IMT), the BVA in 

procurement, a new risk management model, a new project management model, and a 

metrics-based leadership model. 

6. The most licensed technology developed at ASU with 52 licenses of intellectual property.  
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PBSRG had performed numerous projects delivering IT project services (CenturyLink, 2013; 

Kashiwagi & Kashiwagi, 2014; Kashiwagi; 2014, PBSRG, 2017): 

 

1. The delivery of tax software for the State of Oklahoma, which saved the state $19M (of a 

$40M budget). 

2. The delivery of IT services for the State of New Mexico. 

3. The delivery of IT networking services for ASU. 

4. The delivery of a management of license system for the State of Idaho. 

5. The delivery of software systems and overall project management officer for Boise State 

University (BSU). 

6. The delivery of IT services for the City of Rochester Engineering Group. 

7. The delivery of IT services for the Arizona Department of Environmental Quality to 

automate their manual records system. 

8. The delivery of a search engine development for the State of Utah. 

 

Lessons learned include: 

 

1. The success of the project is based on the client’s ability to follow the PBSRG model, which 

was the BVA structure. BVA structure requires clients to identify and utilize expertise and to 

not manage, direct, and control (MDC) the vendor as in the traditional approach. This 

includes allowing the expert vendor to follow the approach from a vendor’s clarification 

period to the final execution of the project. The vendor will track the time and cost deviation 

of the project to final delivery.  

2. The three projects that failed ended up in litigation, poor results and termination due to the 

client/owner making decisions, trying to collaborate with the vendor and not forcing the 

vendor to perform based on the BVA structure. In all cases, the results were dominantly clear 

that the client was not an expert but was acting in the MDC role due to their inability to 

understand how to utilize expertise to deliver a successful project. These owner 

representatives claimed that they have the responsibility and expertise to personally deliver 

the end-product even though they have no proof of previous successful delivery of projects. 

They use their government position to overcome the observations of reality of the past 30 

years. This included not following the BVA because they identify that their approach was 

better with no rational explanation.  

 

Case Study of the ERP Upgrade to the Existing Local Government Organization Peoplesoft 

System 

 

The Local Government Organization (LGO) Procurement Director knew that the traditional 

procurement delivery system was fraught with problems. It had caused project extensions, a lack 

of accountability, and the need to explain why projects were not delivered on time and on budget 

at the LGO. The procurement director had heard about PBSRG and the BVA years earlier at the 

California Association of Public Procurement Officers (CAPPO) conference in 2015, and 

immediately understood the rationale behind the LGO’s problematic environment. The director 

also understood how the BVA components of the simplistic logic, the utilization of expertise and 

the use of transparency were created by the Weekly Risk Report (WRR). He kept in contact with 

PBSRG. 
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In August 2016, the LGO Procurement Director reached out to the PBSRG. They attempted to 

learn about the details of the BVA. However, the BVA was not implemented. In September 

2016, the LGO published their request for proposal (RFP) for the procurement of an upgrade of 

their Peoplesoft System in the areas of HR, finance and procurement. The client’s stakeholders 

had spent roughly six months on rating the competitors in a traditional selection process of IT 

vendors. A group of 10 procurement personnel made up a Contract Review Board (CRB) and 12 

stakeholders were involved in the procurement.  

 

The selection criteria and weights included: 

 

1. Written Submittal (48%) 

2. Oral/Interview (28%) 

3. Best and Final Offer (including cost) (25%) 

 

Each criterion was broken down even further, rated, and weighted. Five vendors responded to the 

RFP. The five were shortlisted to three vendors. The CRB process was completed by Jan 2017. 

Worried about potential problems, in November 2016, the Procurement Director was concerned 

and contacted PBSRG, along with the IT Director and discussed how the BVA could be 

integrated into the already running CRB process. The IT Director agreed with the approach and 

asked the Procurement Director if he understood the approach. He quickly recognized the 

approach would solve organizational problems that he wanted rectified. However, the IT 

Director thought the Peoplesoft Upgrade project was too politically sensitive and requested it be 

utilized on a different IT procurement. The Procurement Director succumbed to the political 

pressure and continued to run the project using the CRB traditional procurement approach.  

 

In Jan 2017, the process used by the CRB resulted in the following ratings and prioritization of 

the vendors: 

 

1. The highest prioritized vendor was the most expensive $8.9M. 

2. The second rated vendor was the most inexpensive at $3.9M (gap of $5M or 56% from the 

highest rated vendor). 

3. The third rated vendor (who some thought was the most qualified) was the medium priced at 

$7.8M (23.5% lower than the top prioritized vendor, and very close to the budget).  

 

At this point, the three highest rated vendors had a range in costs of over 56.7% from the highest 

performer and a range of 150% from the lowest costing vendor. The second ranked vendor was 

the most economical. The total spread in rating points was less than 10% (not dominant enough 

and usually caused by decision-making), but the cost deviation was $5M on an $8M budget.  

By observation, the PBSRG Director identified the following: 

 

1. The vendors’ understanding of the RFP was different.  

2. Two competitors’ price was within 15% of each other, and the other vendor was half the cost. 

3. The CRB members publicly stated that were unsure if the vendors were capable of 

responding to all three areas of the RFP (financial, HR and procurement), but considered all 

vendors were comparable.  

4. The IT director also stated that all three vendors were capable of meeting the requirements.  
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By observation, there was no cost consistency among the vendors. The CRB created and 

reviewed selection process would award to the highest ranked proposal (the most expensive 

vendor). The relative difference in ratings was less than 7%. Because the three vendors were 

shortlisted, the intent of the CRB was that the three vendors were similar or qualified. The 

procurement director realized the risk, had been communicating with PBSRG to identify if this 

type of situation could be simplified and that the procurement and execution risk could be 

minimized.  

 

 

LGO Contacts PBSRG and Requests Assistance on the Peoplesoft Project 

 

In January 2017, the LGO CEO was concerned about the risk of the Peoplesoft Upgrade Project 

and directed the Procurement Director to immediately seek assistance from PBSRG to mitigate 

the risk. In early February 2017, the Procurement Director contacted PBSRG, and negotiated a 

contract to assist on the subject project. Before a contract could be signed, and license procured 

for the BVA, PBSRG began to assist the LGO on the subject project. Without changing any of 

the terms of the RFP, but using the CRB’s latitude to do a second Best and Final Offer (BAFO), 

the procurement Director directed PBSRG to do the following: 

 

1. Use the second BAFO to educate the vendors in the BVA clarification period process and 

contractor’s capability to use performance metrics and re-interview the contractor for a 

second time (which was allowed under the second BAFO). The second interview would be 

conducted in the BVA fashion, to identify the vendor’s capability to show their level of 

expertise using metrics, ability to see into the future and differentiate the subject project and 

see the project from beginning to the end. 

2. Require a Level of Expertise submittal that addressed the subject project using the language 

of metrics, showing their capability by using descriptive strings of metrics that would relate 

their past experience with the subject project. 

3. Educate the vendors on the “exact” requirement of the project (now) assuming that the 

vendor was an expert, and that the vendor would have to have a detailed schedule, an easily 

understood milestone schedule and a Weekly Risk Report (WRR) that the vendor used to 

track all time and cost deviations throughout the project. The vendors were to be educated 

not to include the cost or risk that the client would cause or contingency in their submitted 

budget.  

4. Their submitted schedule should include, not only the activities of the vendor, but all 

activities of all stakeholders in the delivery of the project. This is a BVA which ensures that 

the vendor is in control of the project, will attempt to simplify the schedule to create 

transparency and attempt to mitigate the risk caused by the owner’s representatives due to 

their lack of expertise. 

5. Integrate these requirements into the second BAFO without changing the intent and 

expectation of the client. The Procurement Director was searching for a methodology to 

select a successful vendor that would deliver results of a best value environment.  

 

The above concepts came from the BVA selection phase and the BVA clarification phase. The 

BVA clarification phase would be normally utilized in the traditional approach’s negotiation 

phase. These requirements are logical expectations of a client who hires an expert vendor. These 
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requirements are paradigm shifts that many procurement and client representatives expect from 

vendors, but do not know how to put it in a contract. These requirements were not articulated by 

the traditional CRB that created the RFP in the first BAFO. Therefore, the procurement Director, 

directed the vendors to go through a second BAFO which incorporated the clarified BVA 

requirements. In the second BAFO the vendors would be educated by the creator of the BVA and 

be rated on how well they understood and could respond as expert IT vendors. The expectation 

of an expert vendor being the capability to use performance metrics and the language of metrics, 

preplan, to simplify, to create transparency and to track all time and cost deviations with a WRR.  

 

By observation the traditional process had resulted in the following: 

 

1. Six months of intensive effort of creating an RFP and implementing the RFP to shortlist the 

number of vendors from five to three.  

2. The range of the vendor’s proposed costs was 156%. 

3. The range of the ratings between the top two vendors was 6 points out of 150 points or 4%. 

4. The third rated vendor was 9.9 points behind the top prioritized vendor (less than 6.3%). 

5. Six months of work done by a CRB made up of eleven members, has gone through setting up 

the selection criteria, rating submittals, interviews, and a Best and Final Offer (BAFO) has 

led to the prioritization of three vendors. The separation between the three vendors’ effort 

had not separated the top three vendors. 

6. The three vendors from top to bottom were $8.8M, $3.9M and $7.7M. The top-rated vendor 

was $4.9M, 128% more expensive than the second rated vendor (BV team thought vendor 2 

was the best qualified vendor).  

 

Based on the submitters, the BV Expert saw the following weaknesses: 

 

1. The range of costs for a specified 1,200 requirements was too large (128%). 

2. The top-rated vendor was the most expensive. 

3. The point differential of six points (4%) between the first and second place proposers was too 

small to make up for 128% difference in cost. 

 

The client/buyer still did not have any clear idea of: 

 

1. How the vendors were planning on doing the work. 

2. Did not know if the vendor’s project manager/vendors understood that the vendors were not 

responsible for risk they did not control. 

3. Did not know if the vendors could do the work. 

4. Did not know why the pricing was so different.  
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Problem 

 

The CRB had worked for six months and did not know any major differences between the three 

vendors (who had a range of 128% cost differential) and had the following issues with all three 

vendors not being able to do one of the major requirements (replace the functionality of the 

current system). The CRB did not have the knowledge if any of the contractors could produce: 

 

1. A detailed schedule with costs from beginning to end. 

2. A milestone schedule with costs that simplified the deliverables. 

3. A schedule that identified the risk that the vendor did not control (caused by other 

stakeholders). 

 

  

Proposed Solution 

 

The CEO of the LGO requested the Procurement Director to bring the Best Value experts from 

Arizona State University. The BV Experts would utilize expertise and transparency to ensure that 

an expert vendor who can schedule from beginning to end and include the activities of all other 

stakeholders in the schedule. The advantage of the BVA is: 

 

1. The process is legally defendable. 

2. Forces preplanning before award of the entire schedule. 

3. Assists the client to mitigate risk (expert vendor creates transparency using a WRR to ensure 

the cost and time deviation of risks that the vendor does not control are known before the 

contract is signed). 

4. Ensures that the best value vendor can perform from beginning to end. 

5. The process is quick (less than 10% of the traditional process) and minimizes the decision 

making of the client. The BVA requires vendors to show performance by using dominant 

metrics that doesn’t force the client’s representatives to think or use personal bias to make 

decisions. All parties are educated that if a client’s representative must think or make a 

decision, the vendor will receive no added value in their scoring.  

6. The process ensures that the best value vendor will clarify their complete approach before 

award. 

7. Best Value vendor will track the project time and cost deviation throughout the project.  

 

 

Methodology to Transform Traditional Approach to Best Value Intent 

 

Even though the client was late in the selection process of upgrading their Peoplesoft software, 

the innovative procurement Director at LGO proposed that a second BAFO could be run. During 

this period, the selection board and the PBSRG Director would: 

 

1. Educate the vendors on the rest of the process, including the negotiation phase where the 

client would not negotiate scope or price, and the vendor would have to clarify their proposal 

with a detailed schedule from beginning to end, a simplified milestone schedule from 
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beginning to end, their risk mitigation, and have a weekly risk report that would track the 

time and cost deviation of the project.  

2. Allow them to not cost risk into their proposed price by resubmitting their price proposal. 

3. Interview the expert project manager to determine if they were experts and could do the 

clarification during the negotiation period.  

4. Ensure that an expert vendor who can plan from beginning to end will be selected.  

 

The BVA concepts, inserted in the second BAFO would allow the LGO to remove a vendor in 

the negotiation period if it determined that the vendor could not: 

 

1. Have a detailed schedule from beginning to end, that included all the activities of all 

stakeholders in the delivery of the project. 

2. Simplify the detailed schedule with milestones with non-technical metrics that anyone could 

understand. 

3. Identify and mitigate the risk that they could not control. 

4. Use a WRR that would identify the cause of any risk that would result in cost or time project 

deviation.  

5. Control and manage the project by tracking time and cost deviation from the vendor created 

detailed and milestone schedule.  

 

 

Agile Project Management Approach 

 

Most IT vendors use an approach called “Agile”. The Agile Approach identifies the project 

duration and total cost but does not clearly identify the project milestones that will lead to project 

delivery. Instead, the project team [including the vendor’s team members, the client’s CRB, the 

procurement personal, the client’s project management office (PMO) and stakeholders] manage 

the project in short “sprints”. The team ensures at the beginning and ending of each sprint (when 

the plan for the next sprint is decided) that they maximize the following to reduce risk: 

 

1. Discussion of all parties. 

2. Consensus of all parties. 

3. Documentation before and after each sprint. 

 

The approach clearly identifies the major risk in delivering IT services. It minimizes preplanning 

by the expert vendor, identification and mitigation of potential risk by the vendor, the creation of 

a detailed schedule and simplified milestone schedule that includes all the activities of all project 

stakeholders and the resulting transparency that minimizes the effort of all and allows vendors to 

minimize the project costs. The traditional approach leads to the transfer or sharing of risk once 

the project is not successfully completed. This agile way of working increases the responsibility 

of the client PMO and minimizes the accountability of the vendor.  

 

Senior CIO Stops BVA Implementation 

 

The PBSRG Director visited the LGO to implement the BVA modifications to the second BAFO 

requirement. The three competing vendors were briefed by the PBSRG Director in separate 
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presentations. The LGO was trying to get the vendors to explain their expectations. A major 

objective of the presentations was attempting to help the vendors understand that the successful 

bidder was including all stakeholders’ activities in their detailed and milestone schedule and that 

they were going to track time and cost deviations. The resulting deviations caused by risk (risk is 

what the vendor did not control) was the financial responsibility of the client and not the vendor, 

negating the need to include the cost of risk or contingency costs in their bids. After briefing the 

IT Director, the CRB and the legal team, the PBSRG Director briefed the newly hired CIO. The 

new approach received resistance from some of the legal team. Interestingly, it was from the 

more senior legal staff. They were uncomfortable with change. The younger legal expert, even 

though he had less experience, quickly identified that the new system would address some of the 

issues being observed on the majority of LGO projects which included: 

 

1. Vendors not finishing what they were hired to do. 

2. Vendors stating that they did exactly what they were told to do and were not responsible for 

time and cost deviations. 

3. Project cost was seemingly uncontrollable. 

4. Legal position on most of these projects was not defendable. 

5. Poor project performance. 

 

The newly hired CIO did not understand the following documented industry practices and 

results: 

 

1. The performance of the delivery of services to government agencies was very poor. 

2. The performance of the delivery of IT services was the worst of any major service. 

3. The traditional approach of project management to manage, direct and control vendors was 

structurally flawed. 

 

It was obvious to the PBSRG Director that the new LGO CIO did not understand how to solve 

the LGO procurement issues. Her statement that she was one “who got into the weeds” dictated 

the future course of LGO would be the manage, direct and control (MDC) approach. Within a 

month, the LGO Procurement Director contacted ASU and communicated that the LGO would 

no longer need the assistance of PBSRG and their Best Value Approach (BVA).  

 

 

Conclusion 

 

The LGO attempt at solving their procurement problems addressed all the issues at government 

agencies. The procurement approach of government agencies is structurally flawed. Despite the 

documentation of poor performance over the past 30 years, agency procurement groups continue 

to repeat the same flawed approach. The problems include: 

 

1. Ignorance of management of the low level of performance of the delivery of services to 

government.  

2. Agencies believing that they are the “expert” in the services being delivered. 

3. Problems caused by nonperformance of procurement personnel. The problems are caused by 

the flaws of the structure of the traditional system. 
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4. Using management, direction and control (MDC) of vendors. 

5. Agencies attempting to transfer risk to vendors. 

6. Agencies use PMOs that use the agile approach to project management which increases 

effort, communication, collaboration and documentation and discourages the leadership by 

an expert.  

7. Agencies increasing decision making, and managing, directing and controlling vendors to 

minimize risk. 

 

The LGO Procurement Director did not have the support of his organization to change and 

improve the delivery of the IT services. Without the assistance of the Performance Based Studies 

Research Group, the selection will be flawed, the LGO will try to negotiate the price down, and 

there will be no complete schedule of all the stakeholder’s activities and a WRR to track the 

project time and cost deviation by the vendor. 
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Attachment #1 

 

Timeline of Events Between the LGO and the PBSRG at Arizona State University 

 

Timeline: 

7/28/2016 – LGO called PBSRG seeking additional information on BV PIPS. 

7/28/2016 – PBSRG sent LGO references for the BVA. 

7/29/2016 – Additional conversation over the phone occurred between PBSRG and LGO.  

7/29/2016 - PBSRG sent contracting information to LGO. 

7/29/2016 to 8/4/2016 – 30+ emails between LGO and PBSRG discussing contracting with 

PBSRG and using the BVA.  

8/4/2016 – Discussion with Deputy Administrative Officer of IT from LGO. LGO recognized 

value in the BVA and additional value that could be added to ensure success on the 

Peoplesoft project.  

8/4/2016 – PBSRG sends LGO a draft schedule and SOW. 

8/4/2016 to 8/11/2016 – Coordinating schedule for the Peoplesoft project and negotiating 

contract.  

8/11/2016 – LGO identifies that they are not going to be contracting with PBSRG, due to 

political reason on the Peoplesoft project.  

1/12/2017 – LGO approaches PBSRG identifying LGO would like to contract for support on the 

Peoplesoft project and help in revamping the procurement process at LGO. LGO 

personnel identified that the CEO authorized him to move forward with contracting with 

PBSRG for the two efforts.  

1/13/2017 – PBSRG Director sends LGO a SOW and pricing for support on the two efforts. 

1/25/2017 – Conference with LGO, discussing PBSRG cost of service and scope of work. LGO 

tells PBSRG that they are okay with the pricing, identifies they will sign a contract for 

the Peoplesoft support, but will sign a contract for the procurement support in the fall to 

identify the success of the BVA approach and when they can acquire more funding.  

1/25/2017 to 1/31/2017 – PBSRG coordinating finalization of contract with LGO. 

1/31/2017 – Teleconference with LGO finalizing schedule. LGO gives “go ahead” to schedule a 

visit to educate internal team and help with the second BAFO. LGO asks PBSRG to draft 

RFP addendum so that the Peoplesoft project can take advantage of the BVA selection 

phase process.  

1/31/2017 to 2/2/2017 – 10+ emails coordinating trip from LGO. LGO identified that the COO 

authorized him to move forward with scheduling the PBSRG BVA Trip to LGO.  

2/3/2017 – PBSRG sends LGO Peoplesoft RFP BV PIPS modification addendum and discusses 

with LGO the Addendum over the phone.  

2/6/2016 – PBSRG sends RFP addendum modified, with LGO suggestions.  

2/8/2017 – LGO tells ASU contracting officer that he is accepting the proposal and requests to 

proceed in preparing the contract agreement with ASU PBSRG.  

2/8/2017 to 2/10/2017 – PBSRG visits LGO, briefs all three competing vendors on the second 

BAFO and what will be required of the top prioritized vendor, briefs LGO IT Director, 

project CRB, legal office and new CIO. CIO does not understand the problem with the 

http://repositories.lib.utexas.edu/handle/2152/22%20804
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traditional procurement process, states that she is an expert in delivering services (with 

great experience) and does not see the value being brought by PBSRG. PBSRG Director 

delivers two complete sets of the BVA documentation that goes with the ASU license for 

the BVA. 

2/10/2017 – LGO gives PBSRG the scoring matrix for the Peoplesoft project for PBSRG to 

review.  

2/13/2017 – PBSRG prepares interviews for the second BAFO and the interview process.  

2/14/2017 – LGO asks PBSRG for project milestones to be tied to payments. LGO identifies 

request came from LGO’s COO. PBSRG sends LGO products that will be delivered. 

2/14/2017 – PBSRG advising LGO on how to proceed and answer vendor questions on the BV 

adjustments to the Peoplesoft project. PBSRG prepares for second BAFO interviews for 

Peoplesoft project.  

2/15/2017 – LGO identifies support needs to be placed on hold. LGO asks for costs already 

incurred by PBSRG and a breakout cost of the rest of the deliverables.  

2/17/2017 – PBSRG sends LGO current costs already incurred.  

2/22/2017 – LGO discusses with PBSRG path forward. LGO to pay PBSRG for costs already 

incurred due to work performed and pay for license due to PBSRG providing BVA 

information. They later decide to not pay for license. 

3/1/2017 – PBSRG sends invoice to LGO to pay for work already performed.  

3/22/2017 – LGO sends email to PBSRG identifying LGO will not be utilizing ASU’s service 

beyond the services already provided. PBSRG was dismissed before the second BAFO 

could take place.  
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Thirteen studies to identify major delay factors for construction projects in Kenya have been 

reported in the literature. Nine of these studies were based on self-administered questionnaire 

survey of views of project participants and four studies were based on site records of actual 

construction projects. Thirty-three of the more than forty construction delay factors reported in the 

literature were identified as one of the top construction delay factors by the thirteen studies on 

Kenya. This is illogical, misleading and confusing. A thorough review of these thirteen studies is 

undertaken to identify top delay factors for construction projects in Kenya. With respect to the 

construction delay factors identified, remedial measures to improve the schedule performance of 

construction projects in Kenya are presented.        

 

Keywords: Kenya, Delay factors, Survey. 

 

 

Introduction 

 

As in many other developing countries, government is the major construction client in Kenya 

and the market for major projects tends to be dominated by foreign contractors because of 

deficiencies in indigenous construction capacity. Kenya is regarded as the regional hub for trade 

and finance in East Africa. In the last fifty years, construction projects had advanced to higher 

levels of size, cost, time and intricacy of construction. Construction delay is a prevalent problem 

for construction projects in Kenya. For example, the National Social Security Fund took five 

years to complete as opposed to the original estimate of two years. The construction of Migori 

District Headquarters commenced on 31 July 2009. It was initially planned to be completed in 

two years but was completed only recently. There were frequent complains of under-priced 

tender bids, the manner of tender evaluation and the technical qualification required in the 

process. Corruption and unfair distribution of construction projects, procurement process that 

often-caused unnecessary delay of payments and erratic change of prices of construction 

materials were some of the challenges. The problems of unskilled engineers and draftsmen, and 

quack contractors led to many cases of collapsed buildings in various parts of Kenya especially 

the low-cost residential flats in Nairobi resulting in loss of properties and lives.  

 

Schedule performance is one of the most important criteria in assessing construction project 

success. Identifying the top delay factors is the first step in understanding the top factors 

affecting schedule performance. Appropriate measures can then be implemented to address 

issues related to the top delay factors to achieve good schedule performance. The problem of 

delays in construction projects is a global phenomenon. This is evident from the large number of 

studies to identify top construction delay factors. The type of contract in most of the studies 

reported was a traditional one and not design and build contract. There were only 20 studies that 

were based on analysis of the delays of construction projects. The other studies used 

questionnaire surveys, mostly self-administered, of views of owners, contractors and consultants. 
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A small number of studies relied on interviews or panel discussions of owners, contractors and 

consultants. A self-administered survey questionnaire was sent to contractors, consultants and 

owners (including civil servants in charge of construction projects). The questionnaire was 

developed based on construction delay factors reported in the literature or open-ended interviews 

with selected panels of contractors, consultants and owners. The top construction delay factors 

were established by statistical analysis of the survey data.  

 

In particular, there are thirteen studies to identify the top delay factors for construction projects 

in Kenya reported in the literature. Some of these studies are confined to specific regions of 

Kenya. All these studies were carried out after 1996. Nine of these studies were based on self-

administered questionnaire surveys of views of project participants and four studies were based 

on site records of construction projects. Thirty-three of the more than forty construction delay 

factors reported in the literature were identified as one of the major construction delay factors by 

the thirteen studies on Kenya. Kenya is not a large country in its physical size, the wide diversity 

of top construction delay factors identified is illogical and misleading. This has created confusion 

among the practitioners of the construction industry in devising appropriate measures to improve 

schedule performance of construction projects. This is a major problem and this state of affairs is 

definitely not acceptable. A thorough review of these thirteen studies is undertaken in the present 

study to identify the top major construction delay factors for construction projects in Kenya. The 

methodology for the present study is the same as the methodology adopted in Kog (2017a, 

2017b, 2017c, 2017d, 2018). The number of times each major construction delay factor 

identified by the thirteen studies was counted. The top major construction delay factors were 

those identified by the greatest number of studies. The rational is obvious. The major 

construction delay factors must be factors identified by the greatest number of respondents in the 

thirteen studies.  

 

 

Standardization of Construction Delay Factors 

 

One of the major difficulties in summarizing various construction delay factors identified is the 

lack of standardization of the construction delay factors. Reclassifications as shown in Table 1 

must be made.  

 

Top Construction Delay Factors in Kenya 

 

Table 2 tabulates the top construction delay factors identified by each of the thirteen studies. The 

top construction factors are summarized in Table 2 under five categories, namely all project 

participants related factor, owner related factors, contractor related factors, consultant-related 

factors and other factors. Each construction delay factor is placed in the category linked to the 

party which can exert the most influence, though may not be totally, on the effect of that factor. 

The ‘other factors’ category is for delay factors that are beyond the control of the project 

participants.  

 

Delay factors ‘dispute over variations’ and ‘dispute over claims’ identified by Takukhaba (1999) 

are not included in Table 2 because they are contractual problems that should be resolved 

contractually. Delay factor ‘delayed shop drawing preparation’ identified by Takukhaba (1999) 
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is not included in Table 2 because it is not clear whether the contractor or one of the consultants 

is responsible for the preparation. Delay factors ‘operating environment’ and ‘infrastructure’ 

identified by Musa (1999) are not included in Table 2 because it is not clear what they mean. 

 

Table 1: Standardization of construction delay factors. 
Reference Delay factor in reference Standardized construction delay factor 

Mwawasi (2015) 1. ‘poor or inadequate specifications in 

the contract’ and ‘inaccuracy of bill of 

quantities’ 

2. ‘inadequate planning by the client’ 

3. ‘underestimation of project durations’ 

4. ‘poor resource planning by contractor’ 

1. ‘substandard contract’ 

2. ‘owner’s lack of experience/ incompetent 

project team’ 

3. ‘ineffective planning and scheduling’ 

4. ‘late delivery/shortage of construction 

materials or fuel’ 

Takukhaba 

(1999) 

1. ‘architect’s instructions’ 

2. ‘presence of rock’ 

3. ‘late payment to subcontractors’ and 

‘late payment of wages to workers’ 

4. ‘poor workmanship’ 

1. ‘variation orders/changes of scope by owner 

during construction’ 

2. ‘inadequate site investigation/ unforeseen 

subsurface conditions’ 

3. ‘financing by contractor’ 

4. ‘rework due to construction defects’ 

Sebora (2015) 1. ‘proximity to borrow pit and quarry’ 1. ‘late delivery/shortage of construction 

materials’ 

Mwandali (1996) 1. ‘slow project selection methods’ 1. ‘slow decisions making by owner’ 

Musa (1999) 1. ‘lack of capacity of contractor’ 

2. ‘quality of project management’ 

3. ‘organization of project team’ 

4. ‘inadequate resources’ 

5. ‘motivation of workers’ 

1. ‘inadequate contractor experience/ 

incompetence contractor’ 

2. ‘owner’s lack of experience/ incompetent 

project team’ 

3. ‘lack of professionals/incompetent project 

team’ of contractor 

4. ‘late delivery/shortage of construction 

materials or fuel’ and ‘equipment (or 

operator) availability and failure’ 

5. ‘low productivity level of labors’ 

 

Table 2a: Summary of major construction delay factors from existing literature on Kenya, legend 

and references. 
Legend 

S = study is based on a survey of views of owners, 

contractors and consultants. 

P = study is based on actual construction projects. 

I = open ended interviews.  A = Building, road, water and sewer etc. projects.  

B = Building projects.  C = Civil engineering infrastructural projects such as 

highway, water and sewer projects. 

? = number of respondents not stated in the reference.  @ = not able to check. 

References 

# Reference # Reference 

1 Mwawasi (2015) 8 Kariungi (2014) 

2  Seboru (2015) 9 Takukhaba (1988) 

3 Takukhaba (1999) 10 Kagiri and Wainaina (2008) 

4  Awuor (2015) 11 Kwatsima (2015) 

5  Kahiga (2015) 12 Mwandali (1996) 

6 Wambugu (2013) 13 Musa (1999) 

7 Ondari and Gekara (2013) 
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Table 2b: Summary of major construction delay factors from existing literature on Kenya. 
Reference 1 2 3 4 5 6 7 8 9 10 11 12 13 

Methodology S S P S S S S S P S S P P 

Number of respondents / construction projects 208 31 38 75 94 96 170 ? 86 @ 57 @ @ 

Type of construction project C C B B C C C C A C C C C 

All project participants related factor 

Communication problems/lack of adequate project 

coordination 
           X  

Owner-related factors 

Finance and payments of completed work by owner X X X  X  X X X X X   

Variation orders/changes of scope by owner during 

construction 
X X X      X  X   

Contractor selection methods (negotiation, lowest 

bidder) 
    X         

Slow decisions from owner  x          x  

Owner’s lack of experience/incompetent project team X      X     X X 

Excessive bureaucracy in project-owner organization  X   X  X   X    

Late release of site/land acquisition problems/Delay or 

non-payment of compensation to the communities 
X         X    

Unrealistic/optimistic deadline set by client         X     

Contractor-related factors 

Inadequate contractor experience/incompetence 

contractor 
    X  X    X X X 

Lack of technical professionals/incompetent project 

team 
   X         X 

Ineffective planning and scheduling X X  X  X  X X  X   

Poor site management and supervision    X X X X    X   

Poor site coordination      X        

Late delivery/shortage of construction materials or fuel X X X X  X X X     X 

Financing by contractor   X    X  X X X   

Subcontractor problems   X           

Rework due to mistakes in construction/construction 

defects 
  X   X X       

Low productivity level of labors             X 

Shortage of labor            X   

Unqualified workforce/low skilled labor    X          

Equipment (or operator) availability and failure    X X   X     X X 

Consultant-related factors 

Inadequate site investigation/unforeseen subsurface 

conditions 
X X X           

Mistakes and discrepancies in design documents by 

consultants 
 X            

Delay in inspection and approval of works, approval of 

shop drawings, materials, and documents submitted by 

contractor 

  X           

Late issuance of instructions, information or 

drawings/Delay due to issuance of certificate  
  X      X     

Poor contract management by consultants/Substandard 

contract 
X          X   

Other factors 

Inclement weather  X X X X    X      

Rise in prices of materials    X X         

Lack of community buy-in       X       

Delays by utility agencies/relocation/inaccurate as-built 

utility drawings 
X X X           

Natural disaster/acts of God           X   

Government regulation and permit approval   X           
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Delay factors such as ‘owner interference’, ‘inaccurate estimating of construction materials 

quantities/price’, ‘labor disputes/strikes/personal conflict among labors’, ‘lack of clarity in 

project scope’, ‘corruption’, ‘lack of constructability reviews in design’, ‘staff recruitment 

delay’, ‘economic conditions’, and ‘security/political situations/ border closures/segmentation’, 

that are common among the major construction delay factors for other developing Asian, African 

and Middle Eastern counties are found to be not significant by the thirteen studies.  

 

The accuracy of findings of studies based on self-administered questionnaire surveys hinges on 

the quality of the survey data. It is obvious that the concern to the quality of the survey data in 

questionnaire survey studies varies. For example, despite the importance of the sample size in a 

questionnaire survey, the number of respondents of the questionnaire survey was not even 

mentioned in Seboru (2015), Kahiga (2015), Kariungi (2014), Ondari and Gekara (2013), and 

Wambugu (2013). The number of years of working experience of respondents is crucial because 

respondents’ views and perceptions are formed based on their working experience. According to 

Kog and Loh (2012), views and perceptions of the survey respondents are affected by the 

duration of working experience of respondents. Views of respondents with less than 15 years 

were found to be not consistent with respondents with more than 15 years. This seems reasonable 

considering that the construction period for a reasonably sized project will be around 3 years. A 

respondent with 15 years working experience will have completed several projects equivalent to 

about 5 reasonably sized construction projects that enable a broader and more incisive 

understanding of the delay factors affecting the construction projects. On the other hand, a 

respondent with less than 6 years of experience will only have completed one project. Some of 

the construction delay factors identified by them are unique to the project they completed only 

and not typical for the construction industry. This is evident from the fact that the top delay 

factors identified by these studies are not among the top delay factors identified by the present 

study. Therefore, validity and reliability of major construction delays for each study reported 

must consider the profile of working experience of respondents. Of the nine studies of Kenya 

using self-administered questionnaire survey, no information on the profile of working 

experience of respondents was reported in Seboru (2015), Kahiga (2015), Kariungi (2014), 

Ondari and Gekara (2013), and Wambugu (2013). This shows a lack of appreciation of the 

importance of working experience to the quality of the survey data and the validity and reliability 

of the top construction delay factors identified. There are only three out of the thirteen studies 

using questionnaire survey that provided information of the profile of working experience of 

respondents. Out of the 28 respondents of Mwawasi (2015), there were only 6 respondents 

(21.4%) with more than 15 years working experience. When the minimum working experience is 

reduced to 10 years, the respective proportions are: 8/28 (28.6%) in Mwawasi (2015), 11/57 

(19.3%) in Kwatsima (2015) and 19/75 (25.3%) in Awuor (2015). There is no breakdown for the 

number of respondents with more than 15 years working experience in Kwatsima (2015) and 

Awuor (2015). It must be noted that the respondents in Awuor (2015) were school administrators 

such as principals and chairmen of management board who were involved in school’s 

construction projects. The low proportion of ‘experienced’ respondents common in these studies 

again shows a lack of appreciation of the importance of working experience to the quality of the 

survey data and the reliability of the top construction delay factors identified. Despite the above 

criticisms, the studies summarized in Table 2 are not without values. The top construction delay 

factors identified by combining the findings of the thirteen studies are more credible because of 

the larger number of respondents. 
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The number of times each top delay factor was identified by these studies summarized in Table 2 

is calculated. The top ten construction delay factors most cited in the thirteen studies are 

summarized in Table 3. It is noted that the top two construction delay factors were identified by 

69.2% of the thirteen studies and the tenth construction delay factors were identified by 30.8% of 

the thirteen studies. This amply illustrates the wide diversity of the views of the respondents of 

the thirteen studies. This can be explained by the low proportion of respondents with more than 

15 years working experience in the thirteen studies.  

 

Table 3: Top ten construction delay factors for construction projects in Kenya. 

Rank Construction delay factor 
Identified in studies 

Number  Proportion (%) 

1 Finance and payments of completed work by owner  9 69.2 

2 Late delivery/shortage of construction materials  8 61.5 

3 Ineffective planning and scheduling  7 53.8 

4 Variation orders/changes of scope by owner during construction 5 38.5 

4 Inadequate contractor experience/incompetence contractor 5 38.5 

4 Poor site management and supervision 5 38.5 

4 Financing by contractor 5 38.5 

 4 Equipment (or operator) availability and failure 5 38.5 

4 Inclement weather 5 38.5 

10 incompetent project team of owner 4 30.8 

10 Excessive bureaucracy in project-owner organization 4 30.8 

 

Mwandali (1996) identified ‘communication problems/lack of adequate project coordination’ 

was a top construction delay factor. Wambugu (2013) identified ‘poor site coordination’ as a top 

construction delay factor. Takukhaba (1999) identified ‘subcontractor problems’ and 

‘government regulation and permit approval’ as top construction delay factors. Seboru (2015) 

identified ‘mistakes and discrepancies in design documents by consultants’ as a top construction 

delay factor. Kahiga (2015) identified ‘contractor selection methods (negotiation, lowest bidder)’ 

as a top construction delay factor. Ondari and Gekara (2013) identified ‘lack of community buy-

in’ as a top construction delay factor. Takukhaba (1988) identified ‘unrealistic/optimistic 

deadline set by client’ as a top construction delay factor. Musa (1999) identified ‘low 

productivity level of labors’ as a top construction delay factor. Kwatsima (2015) identified 

‘shortage of labor’ and ‘natural disaster/acts of God’ as top construction delay factors. Awuor 

(2015) identified ‘unqualified workforce/low skilled labor’ as a top construction delay factor. 

However, none of these factors was identified by other studies as a top construction delay factor. 

It will be of interest to note that almost every study has identified at least one construction delay 

factor that does not feature as one of the top delay factors in other studies. This shows that the 

views with respect to construction delays among the respondents are very diverse as a result of 

the low proportion of ‘experienced’ respondents.  

   

 

Measures to Improve Schedule Performance of Construction Projects 

 

The top construction delay factors summarized in Table 3 can be grouped under three categories, 

namely owners, contractors and consultants. The construction delay factors under the owner 

category are: ‘finance and payments of completed work by owner’, ‘variation orders/changes of 

scope by owner during construction’, ‘incompetent project team of owner’, and ‘excessive 
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bureaucracy in project-owner organization’. The root cause of slow progress payment to the 

contractor may be attributed to the financial problem encountered by the owner. Financing of the 

construction private sector projects depends on the financial strength of the owner/developer and 

the general economic conditions, in particular the real estate sector, of the country. One measure 

that can be implemented to address this issue is to require the owner/developer to submit all the 

necessary financial documents for an exclusive bank account to be set up strictly for the project 

only prior to the issuance of the permit to commence construction work for the project. In other 

words, the owner/developer must secure all the financial arrangement prior to the 

commencement of the construction project. The purpose is to ensure that the owner/developer 

possess the financial capability to undertake such a development project. Similar administrative 

measure may be set up for public sector construction projects. If the funding is from an overseas 

aid agency, then all the necessary documentations required for the release of the fund must be 

expeditiously forwarded to the funding agency so that monthly progress payment to the 

contractor will not be delayed. If financing of the project is no longer a problem with the 

measure discussed earlier, there is a strong need to professionalize the project management teams 

of owners so that decisions and progress payments to the contractors can be made within the 

stipulated period. The issue of excessive bureaucracy in project-owner organization can be 

rectified by a truly professional project management team. Owners must be educated to 

understand and reminded repeatedly that any delays in making decisions and progress payments 

to contractors may lead eventually to construction delays. The costs of construction delays will 

be more than any benefits that can be obtained from slow decision making and progress payment 

to contractors.  

 

Variation orders that affect schedule performance of the construction project must be kept to a 

bare minimum to minimize construction delays whenever possible. One way is to allow more 

time for the consultants to obtain all necessary government approval prior to calling tender for 

the construction project to minimize the number of variation orders arising from government 

requirements. There is no point to ‘fast track’ a construction project when the contract document 

is not ready. In fact, some of the ‘fast track’ projects suffered lengthy construction delay worse 

than that for normal projects. Some of the variation orders for building contracts can be 

minimized by joint review by the design team during the working drawing stage to minimize any 

discrepancies in the architectural, structural, mechanical, and electrical drawings that may lead to 

variation orders. Once the construction contract commences, changes that affect critical activities 

must be avoided whenever possible. The owners or engineers/architects must convene regular 

project meetings to be attended by all consultants and contractor to achieve better 

communication and co-ordination among project participants. It is also necessary to discuss 

jointly among all project participants to resolve any issue that may arise that requires the 

issuance of variation order so that the necessity for variation orders can be minimized.  

 

The construction delay factors under the contractor category are: ‘late delivery/shortage of 

construction materials’, ‘ineffective planning and scheduling’, ‘equipment (or operator) 

availability and failure’, and ‘poor site management and supervision’. The non-compensable 

construction delay factors such as ‘late delivery/shortage of construction materials’, ‘ineffective 

planning and scheduling’, ‘equipment (or operator) availability and failure’, and ‘poor site 

management and supervision’ identified by the present study are strong evidences that there is a 

need to professionalize contractors in Kenya. One of the crucial steps is for contractors to 
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employ technical professionals so that a competent project team will be involved in the project. 

This is consistent with the findings of Kog et al. (1999) and Chua et al. (1999) that project 

manager competency is one of the critical success factors in schedule performance. The aim is to 

improve their planning and scheduling (including the ordering and delivery of construction 

materials and procurement of equipment), site management and supervision, and site 

coordination of the project. Most of the local contractors are family business and they are very 

reluctant to trust technical professionals outside the family. More importantly, they fear that the 

overheads of the contractor’s company will be increased resulting inevitably in higher tender 

prices. This may lead to failure in securing any project in the cut-throat ‘destructive’ competition 

in tender. Fortunately, with better educated second generation taking over the helm, there will be 

increasingly a changing trend towards professionalizing the project team. The younger 

contractors recognize that the benefits of a professional project team outweigh its costs. Despite 

the existence of the classification system for contractors in Kenya, the schedule performance of 

contractors needs to be improved further judging from the findings of the present study. Annual 

review of the classification system of contractors is needed. The contractor’s classification 

system has to be tightened by including feedbacks from owners and consultants on the schedule 

performance of construction projects for the last 5 years when assessing the appropriate class of 

the contractor during the annual review in addition to the current criteria. This requirement is 

only for higher classes of contractors. Contractors with inadequate appropriate experience will 

not be awarded the tender for any construction projects if the contractor classification is 

administered correctly without political influence.  

 

Many of the studies reported herein are related to road construction. Once it starts to rain, it is no 

longer possible to carry out any works. It is not possible to control the weather. However, it is 

possible to standardize the entitlement for extension of time for inclement weather. The average 

numbers of raining days for the last 10 years for each month can be collected from the 

Metrological Office and spelled out in the contract document. The extension of time will be 

calculated based on the site record of raining days and the average numbers in the contract. This 

measure is to prevent inconsistency in the granting of extension of time.  

  

 

Conclusion 

 

Good schedule performance can only be achieved by identifying the truly top construction delay 

factors so that appropriate measures can be implemented to address issues related to the top 

construction delay factors. A review of the thirteen studies to identify top construction delay 

factors is performed in the present study. Top construction delay factors for construction projects 

in Kenya identified by the present study include: ‘finance and payments of completed work by 

owner’, ‘late delivery/shortage of construction materials’, ‘ineffective planning and scheduling’, 

‘variation orders/changes of scope by owner during construction’, ‘inadequate contractor 

experience/incompetence contractor’, ‘equipment (or operator) availability and failure’, ‘poor 

site management and supervision’, ‘financing by contractor’, ‘inclement weather’, ‘incompetent 

project team of owner’, and ‘excessive bureaucracy in project-owner organization’. Remedial 

measures to address issues related to the top delay factors include requiring the owner to submit 

all the necessary financial documents for an exclusive bank account to be set up strictly for the 

construction project only. The current contractor classification system must be tightened by 
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including the contractor’s schedule performance of past years during the annual review. There is 

a strong need to professionalize the project team of owners and contractors. The construction 

delay can be further minimized by improving communication by timely design review meetings 

for owner and consultants, and regular project meetings for owner, consultants and contractor. 

The practical implication for the construction industry in Kenya is the level of improvement in 

the schedule performance of construction projects in Kenya will depend on the extent the various 

remedial measures have been implemented rigorously. 
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