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Management summary

The size and complexity of today's construction projects require new methods to control and
manage the project's processes to successfully deliver a project. In the past years, the
implementation of the 1SO015288 framework and the achievement of predefined 1SO15504-6
capability levels are prescribed in civil infrastructure projects executed according to design,
construct, finance and maintain contracts. ISO15288 consists of a framework of processes within
the life cycle of a system. This framework describes the purpose, output and activities for each
process; these are expressed in observable results that can be translated to the success of the
process. ISO15504-6 is the process assessment model developed to assess the results generated
by 1S015288. The standard serves as a guideline to guarantee a repeatable assessment and
translates the performance of a process into a relative and comparable value called the
capability level. Furthermore, the combination of standards aims to increase the performance of
the project processes. The goal of this research is to determine if the implementation of the
combination of standards results in the perceived process performance improvement. Hence,
this research is steered by the following question:

What is the effect of the ISO/IEC/IEEE 15288 framework and the ISO/IEC 15504
assessments on process performance improvement in civil infrastructure projects?

An empirical analysis elaborates upon nine infrastructure construction projects in the
Netherlands. Out of these projects, five case study projects are used in a quantitative analysis on
process performance indicators to answer this research question. This research is comprised of
five steps: I: setting up this research, defining the problem and approach, II: Determining the fit
for purpose of the standards on civil infrastructure projects, IlI: Evaluate the difference in
practical application and proposed application, IV: Gather quantitative measurements and
determine the increase in process performance. V: Expert validation of the findings out of the
previous parts to substantiate conclusions about the effect of the combination of standards.
Concluding this research with a discussion on those findings and recommendation.

II

The second step of this research determines the purpose and fit of the standard on civil
infrastructure projects. The purpose of the standards depends on the aim of the contractor:
achieving contractual requirements, differentiate from other contractors or the actual purpose
achieving process performance improvement.

The evaluation of the fit is performed by comparing the life cycle of an infrastructure project
with the life cycle applicable for ISO15288. These life cycles showed an overlap in all applicable
phases for an infrastructure project. However, the framework of processes provided by the ISO
standard is not considered to be complete in order to successfully execute a project. With the
help of an adaptation procedure provided by the standards, the list of processes can be adapted
to include the necessary processes for an infrastructure project. Moreover, the described
sequence of application of the technical processes does not fit the characteristics of an
infrastructure project. With small adjustments, ISO15288 should be applicable to infrastructure
construction projects.

11
The confirmation on the fit for purpose resulted in an evaluation of the practical application of
[SO15504-6 in current infrastructure projects. An empirical analysis of nine case study projects
showed inconsistency in the prescribed and applied project phases and capability levels. The
findings out of this section lead to a new design for the applicable capability level in each phase
of an infrastructure project. This recommendation builds on the confirmation that the project
management system of the contractors applies similar principles as described in capability level
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3 of IS015504-6. In the recommended design the ISO standards are already included for the
project supporting processes of the procurement phase. This decreases the duration to achieve
capability level in the later phases. The change of dynamics and activities in the maintenance
phase make a number of the processes out of the earlier phases superfluous, only the most
important processes in this phase remain. Validation of the new design is needed to confirm its
effectiveness.

I\Y%

Quantitative indicators are used to analyse the effect of the ISO standards on the performance of
the processes. These quantitative indicators are the Performance Indicators (PI) defined by the
five case studies. The PI is analysed on the variation in the measurements and the distance
between the average and the target value, shown in figure 10. Based on the prerequisites the 38
Pls provide sufficient information to analyse the performance of seven processes. The analysis
focuses on the effect of the standards on the process performance improvement caused by the
increase of a capability level. The improvement on processes increasing from capability level two
to three and from level three to four are analysed. Both increases in capability level show a
similar improvement in 60% of the indicators in the reduction of variation and an increase in the
distance towards achieving the business goal. However, the increase in the performance
parameters did not translate into the achievement of a higher percentage of a target value, which
remained constant around 40%.

/ ErOCess \ Increase in process performance

Achieve Target
Reducing variation value

K / [Levelz ][ Level 3 ][ Level 4 ]

Figure 1: Process improvement used in this research

\%

The combination of standards increases the focus of the project organisation on the monitoring
and evaluation of its processes. Moreover, this research shows that the standards manage to
achieve an increase in the parameters representing process performance, however, this did not
lead to an increase in achieving target values. The positive effect of the standard is visible,
although the analysis of the performance does not translate to the achievement purpose of the
standard. The standard is used to achieve secondary goals rather than pursuing process
performance improvement and achieving the target values of the performance indicators.
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Glossary

Term

Definition

Analytical framework:

Framework used to transfer PI measurements into
comparable dimensionless measurements

Business goal:

The highest goals an organisation aims to achieve, level
determined by the organisation itself

Capability level: A relative value used by IS015504-6, ranging from 1 to 5,
to expresses the performance of a process. In the report,
the term level(s) refers to Capability level.

Client Acquirer of the civil infrastructure project

Contractor Supplier of the civil infrastructure project

Delta Distance between the average of the PI measurements

and the threshold value

ISO processes

Always refers to the list of processes described in
[S015288 and 1S015504-6 (shown in figure 1)

ISO standards

Always refers to ISO 15288 and 1SO015504-6

15015288

ISO/IEC/IEEE 15288 System life cycle standard,
framework processes used to facilitate the process from

the conception of idea to the retirement of a system

1S015504-6

ISO/IEC 15504-6 System life cycle process assessment
model, a approach to
performance of the 1S015288 processes into a relative

structured transfer the

value

1S024748-2

NPR-ISO/IEC TR 24748-2 Guide to the application of
ISO/IEC/IEEE 15288

Performance Indicator

Quantifiable indicator that provides measurements of a
specific part of the process, combination of PI's are used
to measure the project goal

Process performance

The degree of the PI achieving threshold values and the
variation within these measurements.

Process performance improvement

Increase in the achievement of threshold values and
reduction of variation in the PI measurements

Process Performance Indicator

Quantitative objectives that represent the performance
of the process

Project goal: Represent the goals an infrastructure construction
project aims to achieve, the level is determined by the
project organisation itself.

Threshold value: Limit the PI aims to achieve, determined by the project
organisation

Trend Direction of the slope of the P measurements

Variation Degree of dispersion in the Pl measurements
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1 Introduction into the problem

This chapter is the introduction into this research. The first paragraph describes the
subject, following into the problem this research aims to investigate. In the next
paragraph, the intention for the investigated standards is described. The chapter ends
with the structure of the report.

1.1 Introduction to the subject

The scope of civil infrastructure projects is growing and becoming more and more complex
while the demand for safety, sustainability and the number of stakeholders is increasing.
Consequently, projects in these complex conditions are characterised by a high degree of
uncertainty (Locatelli, Mancini, & Romano, 2014; Lukszo, Weijnen, Negenborn, De Schutter, &
Ilic, 2006). Assessment of the performance of the construction industry shows it is not effective
in achieving the objectives of these complex projects. The problems range from the inability to
meet requirements to the exceedance of planning and budget (Chen & Chen, 2007; Locatelli et al.,
2014). Despite multiple efforts to increase the performance of infrastructure projects, the
construction sector still copes with a large percentage of avoidable costs and underachieving
projects (Santema, Rijt van de, & Hompes, 2010). The scope of the contractor increased from
design and construct to the responsibility for the entire life cycle of the project. Moreover, due to
the increased size and complexity of today’s projects, traditional performance measurements are
regarded to be insufficient in determining the performance of projects (Houdt & Vrancken,
2013).

In order to deliver this kind of complex projects, new measures are needed and unavoidable. The
implementation of the ISO15288 System Life Cycle standard into civil infrastructure projects is
one of these measures. [SO15288 aims to manage projects within complex environments and to
improve the process implementation and optimisation. The standard serves as a structured
framework into which the contractors’ processes can be implemented (ISO/IEC/IEEE, 2015).
The standard describes a collection of tools and techniques to manage projects within the entire
life cycle of complex system environments (Locatelli et al., 2014). The standard was introduced
in the early Design, Build, Finance and Maintain contracts for infrastructure projects in the
Netherlands. Coherently, the implementation of [SO015288 another ISO standards was
introduced, ISO15504-6 System Life Cycle processes assessment model. The procedures of
ISO15504-6 express the performance of processes in a relative and comparable value. The height
of this value, called the capability level, is prescribed as a requirement in the DBFM contract.

[SO015288 and 1SO015504-6 are not the first measures to increase the performance in
construction projects. According to Haponava and Al-Jibouri (2010), the performance in
construction projects is related to the performance of associative processes, previous efforts did
not result in an increase of the process performance. This research aims to determine the effect
0f 1IS015288 and IS015504-6 on the increase of process performance.
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1.2 Problem definition

The ISO 15288 framework and ISO 15504-6 assessment originated from the IT sector and is
specially designed for iterative processes and procedures (ISO/IEC, 2011). The characteristics of
a civil infrastructure project differ from the characteristics of an IT project. Civil infrastructure
projects are considered as unique projects since these projects are often developed in a dynamic
environment. Moreover, infrastructure projects continuously need to interact with other
systems. This research aims to determine if [S015288 and 1S015504-6 fit the purpose of civil
infrastructure projects. Recently, the first projects developed according to the 1S015288 and
[S015504-6 standard were completed. Since more projects are currently executed it is important
to identify whether or not the implementation of these standards results in an improvement of
the performance of project processes and if the implementation is able to acquire the goals of the
contractor. To determine the effect of 1S015288 and ISO15504-6 on the improvement of the
processes performance within infrastructure projects, this research aims to study a threefold
problem. This threefold problem consists of fit for purpose of the standards, the practical
application of the standards and the analysis on the effect of the standards on the process
performance.

1.3 Context of the standards

Now the intentions of this research are clear, in-depth information about the proposed effect and
application of 1S015288 and 1S015504-6 is given. Since the independent research about the
application of these standards is limited the information is based on the descriptions provided
by the authors of the standards, the International Organization for Standardisation (ISO). The
accurateness of this proposed effect within infrastructure projects is investigated in the
remainder of this research.

1.3.1 Guide to 1ISO15288

Complex man-made systems lead to new opportunities, but also to increased challenges for the
organisations that create and operate these systems. To cope with these challenges a joint
technical committee which consists of the International Organization for Standardization (ISO),
the International Electrotechnical Commission (IEC) and the Institute of Electrical and
Electronics Engineers (IEEE) developed an International Standard with a defined set of
processes to facilitate processes from the conception of idea through to the retirement of a
system. These processes help to improve communication and cooperation among the parties
that create, utilise and manage modern systems in such a manner that these processes work in
an integrated, coherent fashion. This international standard is named: ISO/IEC/IEEE 15288
Systems and Software engineering - System life cycle processes.

Application

ISO 15288 contains a framework of process descriptions for activities within the life cycle of a
system. These activities are designed to manage and achieve a result within the system life cycle
stages of the project (ISO/IEC/IEEE, 2015). The standard is especially applicable to systems
containing hardware, software, data, humans, processes, procedures, facilities, materials and
naturally occurring entities. Within the ISO standardisation, ISO 15288 is seen as a process
standard that belongs to the software and systems engineering groups (ISO/IEC/IEEE, 2015).

In ISO 15288 the preselected processes that can be performed during the life cycle of a system
are divided into four process groups: agreement processes, organisational project-enabling
processes, technical management processes, and technical processes. This is shown in Figure

3. For each process, ISO 15288 describes its purpose, desired outcome and lists the tasks and
activities that should be accomplished in order to achieve the desired outcome (ISO/IEC/IEEE,
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2015). It is important to note that the processes described by the ISO standard are not a finite
list. The user of a system is encouraged to include additional processes, which they find useful.

Also, the standard should not be seen as a strict guideline, system developers are allowed to

adapt the processes in order to fit these into their own systems.
The standard is designed to provide processes that support the definition, control and
improvement in the life cycle of a system. The standard helps to define roles and facilitate

communication among all stakeholders. By performing the processes in the defined method, the

outcomes will be expressed in observable results that can be translated to the success of the

process
System Life Cycle Processes
Agreement Technical Technical
Processes Management Processes
Processes

Acquisition Process
(Clause 6.1.1)

Supply Process
(Clause 6.1.2)

Project Planning Process
(Clause 6.3.1)

Business or
Mission Analysis
Process (Clause 6.4.1)

Project Assessment and
Control Process
(Clause 6.3.2)

Stakeholder Needs &
Requirements Definition
Process (Clause 6.4.2)

Processes

Decision Management
Process
(Clause 6.3.3)

System Requirements
Definition Process
(Clause 6.4.3)

Organizational

Project-Enabling

Risk Management
Process
(Clause 6.3.4)

Architecture
Definition Process
(Clause 6.4.4)

Life Cycle Model
Management Process
(Clause 6.2.1)

Configuration
Management Process
(Clause 6.3.5)

Design Definition

Process
{Clause 6.4.5)

Infrastructure
Management Process
(Clause 6.2.2)

Information Management
Process
(Clause 6.3.6)

System Analysis
Process
(Clause 6.4.6)

Portfolio
Management Process
(Clause 6.2.3)

Measurement Process
(Clause 6.3.7)

Implementation Process
(Clause 6.4.7)

Human Resource
Management Process
{Clause 6.2.4)

Quality Assurance
Process
(Clause 6.3.8)

Integration Process
(Clause 6.4.8)

Quality Management
Process
(Clause 6.2.5)

Process
(Clause 6.2.6)

Knowledge Management

Verification Process
(Clause 6.4.9)

Transition Process
(Clause 6.4.10)

Validation Process
(Clause 6.4.11)

Operation Process
(Clause 6.4.12)

Maintenance Process
(Clause 6.4.13)

Disposal Process
(Clause 6.4.14)

Figure 3: Categorisation of System Life Cycle Processes (ISO/IEC/IEEE, 2005, p. 21)
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1.3.2 Guide to 1ISO15504-6

A system developed according to process framework can be assessed on its performance by a
process assessment model. The process assessment model that is designed to assess ISO 15288
is ISO/IEC 15504-6: information technology - process assessment. The assessment model
translates the performance of the processes into a relative value, so it can be used to compare
the performance of different processes and projects.

Application

The overall performance of a process is measured in capability levels rating from zero to five.
ISO 15504 describes the minimum requirements for performing the assessment in order to
ensure consistency and repeatability of the ratings and to come to a certain capability level. ISO
15504-6 is considered in relation with ISO15288 but the essence of the assessment model can be
used in any process framework. ISO 15504 also belongs to the Software group (ISO/IEC, 2013).
ISO/IEC 15504 uses capability levels to express the performance of processes; the levels
represent a performance and provide a rational way of measuring the capability of any process.
Each capability level is defined by a set of process attributes that work together to provide an
improvement in the capability to perform a process. Table 1 shows the expected outcome at
each capability level. After an independent assessor performs the assessment, the achieved
capability level is granted to the organisation. The desired capability level can deviate per
process, the importance or the impact of the process results in the desired capability level
(ISO/IEC, 2013). According to the standard, an increase in capability level represents an increase
in process performance. Over the duration of the project, an organisation requires or is required
to achieve a certain capability level. The standard relates a higher capability level to improving
the effectiveness of the process to achieve business goals (ISO/IEC, 2013).

Table 1: Details capability levels based on ISO015504-6 (2013)

Capability level

Prescribed outcome

Level 0:
Incomplete process

The process does not generate an identifiable outcome/output,
generally a failed process.

Level 1:
Performed process

An outcome is achieved but it cannot be attributed to the
process, individuals have taken actions.

Level 2:
Managed process

The process delivers work products within defined timescales
and according to defined standards and requirements. The
process is planned and managed in order to achieve a defined
outcome.

Level 3:
Established process

The process is managed by a defined process procedure; it exists
of documented standardised procedures and all the resources
are in place to deliver the defined outcome.

Level 4:
Predictable process

The defined process performs within set control limits, details of
the process are monitored and analysed in order to make
adjustments if the control limits are exceeded.

Level 5:
Optimizing Process

Continuous monitoring of the process against the business goals,
goals are established and the process is optimised to meet the
defined goals.
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1.4 Structure of the report

The report is divided into five segments, the chapters within each segment all contribute in
answering the corresponding research questions. This principle will be further explained in the
methodology.

I

In the first segment, the basis of this research is described. The report commences with an
introduction to the problem and insight into the investigated ISO standards. In Chapter 2
explains the applied methodology. This chapter explains the goal and defines the main research
question and a set of sub-research questions to steer this research towards its goal. This
research approach in section 2.3 divides this research into four segments, each segment aims to
answer a specific part of this research goal. The literature review follows from the applied
methodology. Chapter 3.1 focuses on the differences between the construction sector and the IT
sector to provide input on the fit of the standards. Chapter 3.2 assesses the extent of
underachieving projects in the Netherlands and concluding on the factors leading to this
performance. Chapter 3.3 reviews the effect of standardisation and the effect is measured
relative to the performance. Most of this research is based on empirical data gathered from case
study projects, these projects described in chapter 4.

II
The second segment focuses on the fit of the standard within civil infrastructure projects.
Chapter 5 explains the contractors’ purpose for implementing the standards, the relation
between the standards its position within an infrastructure construction project. Chapter 6
focuses specifically on 1SO15288; chapter 6.2 determines the fit of the standard via evaluation
over the different life cycles.

I
The third segment focuses on the differences in the application of the standards. Chapter 7
evaluates the differences in the application of the standards within the case study projects.
Chapter 7.2 evaluates the differences between the existing project management system and the
framework implemented by the standards. The recommended application over the project
phases is explained in chapter 7.3. The segment is concluded with chapter 8, which proposes a
new design for the application ISO15504-6 in a civil infrastructure project.

I\%
The fourth segment focuses on determining process performance based on a quantitative
analysis. In chapter 9 the differences between definitions of performance used in this research
and used in the ISO assessment are described. In chapter 10 the PI measurements out of the case
studies are gathered and analysed on the parameters determining performance. This
information is used to determine if an increase in process performance is achieved.

\"
The fifth segment evaluates conclusions out of the previous segments to form conclusions and
discussions on the findings. In chapter 11 experts validate the findings. After this validation, this
research questions are answered in chapter 12. This research is concluded with a discussion on
the findings and recommendations on the application of the standards and further research.
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2 Methodology

In this chapter, the goal and main research question are formulated. Sub-research
questions help to answer this research questions. In the approach, five segments are
linked to the corresponding sub-research question.

2.1 Research Goals

The goal of this research is to investigate the effect of the System Life Cycle Standards on civil
infrastructure projects, or in other words, determine if the combined approach of the ISO 15288
framework and the ISO 15504 assessments result in achieving process performance
improvement. In this research, process improvement is solely approached from the perspective
of the contractor. Case study process measurements will serve as a basis for the quantitative
analysis in identifying process improvement. A pre-requisite for this evaluation is to investigate
the fit-for-purpose of the System Life Cycle Standard on the life cycle of civil infrastructure
projects. In addition, this research aims to identify at which level of process performance the
combined standard approach is an improvement over the management system an organisation
is currently using.

2.2 Research questions

To steer this research towards its goal a set of research questions are formulated. The main
research question is deconstructed into a set of six sub-research questions. Answering the sub-
research questions results in the answer for the more complex main research question. The main
research question follows from the goal of this research: determine if the System Life Cycle
standards result in an increase in process performance within infrastructure projects (RQ).
Before concluding on the effect, the fit of these standards, developed for another sector, on
infrastructure projects will be analysed (SQ1). The current project management system is
compared with ISO framework to conclude how the framework relates to the existing project
management structure (SQ2) and advises on the right capability level in each project phase
(SQ3). To detect improvement the definition process performance is defined (SQ4), by this
definition an analytical framework is developed to quantify process performance and applied on
case studies to measure process performance within the capability levels (SQ5). Analysing the
extent to which process improvement relates to achieving the contractors' goals (SQ6) provides
the input to answer the main research question.

RQ: What is the effect of the ISO 15288 framework and the ISO 15504 assessments on process
performance improvement in civil infrastructure projects?

Relates to ISO 15288 framework:
SQ 1: How does the ISO/IEC/IEEE 15288 framework fit within civil infrastructure projects?

Relates to I1SO 15504 assessment:

SQ 2: How does working according to the project management system relates to achieving

ISO/IEC 15504-6 capability levels?

SQ 3: How should the ISO/IEC 15504-6 capability levels be arranged per project phase?

SQ 4: How is process performance defined in a civil infrastructure project?

SQ 5: How does process performance proceed over increasing capability levels within the case

study projects?

SQ 6: How does process performance improvement relate to achieving contractors’
goals?
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2.3 Research approach

Desk research is the selected research approach after evaluating the key decisions areas. This
research benefits from a wide approach and conclusions are drawn on the basis of performance
measurements out of case studies (Verschuren & Doorewaard, 2010). As described in chapter 1,
this research exists out of five segments. Within each segment a selection of the sub-research
questions is answered, leading to answering the main research question and fulfilling this
research goal. The approach is schematically displayed in Figure 4: Schematized

research framework. The five segments used in this research are:

I Introduction

IL. Fit for purpose of the life cycle standard

11 Practical application of IS015288 & 1S015504-6
IV. Process improvement analysis

V. Advice

The first segment consists of the introduction, methodology and the application of the
theoretical framework. This segment is used to determine the right approach for this research
and form a scientific basis.

The second segment follows from the literature review and organisation analysis to determine
the motivation, use and needs for life cycle standards in the construction of civil infrastructure
projects. The IS015288 life cycle standard is compared with the life cycle of a civil infrastructure
project to conclude on the fit-for-purpose of the standard in the construction sector, answering
SQ 1.

The third step determines the differences in the application of the standard and the effect of the
implementation for the contractor. Large infrastructure projects already work in a standardised
matter by following a project management system. In chapter 7 the answer to SQ2 is given by
evaluating the project management system against the capability level out of ISO 15504. The
second step will be concluded by recommendations on right design for the framework and
assessment and answering SQ3.

To conclude on the increase in process improvement, a definition of process performance is
derived from the available case study performance measurements and based on the literature
review and performance attributes out of the Life Cycle Standard, thereby answering SQ4. In
chapter 9, an analytical framework is developed and used to transform the contractors’
measurements to performance information. The framework uses the degree of variation and the
achievement of business goals to determine the performance of a process. The framework will
be used in chapter 10 to analyse the change in process performance per capability level.
Moreover, this framework will be valuable in order to indicate the degree of process
improvement and answering SQ5. The gathered data is analysed in a quantitative approach,
comparing the outcomes results in findings on the improvement of process performance.

The last step of this research consists of the validation. A questionnaire is used to validate the
findings of each step of this research with experienced practitioners. The validation is also used
to determine if the life cycle standard achieves the goals of the contractor and answers SQ6. The
combination of SQ leads to the answer of the main research question. The findings are discussed
and recommendations for further application and further research are given.
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RQ: What is the effect of the ISO/IEC/IEEE 15288 framework and the ISO/IEC 15504 assessments
on process performance improvement in civil infrastructure projects?
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3 Theoretical framework

The literature review aims elaborate on the details provided in the introduction. The
chapter discusses the differences between an infrastructure project and an IT project
and describes the situation of underachieving projects in the Netherlands. The
theoretical effect of standardisation on the performance of processes is described. The
chapter focuses on how to measure process performance and describes effects of the
application in practice.

3.1 Differences in sector characteristics

The standards are designed for the IT sector, which is much different from the civil
infrastructure sector. The characteristics of an infrastructure project are compared against those
of an IT project. The differences serve as input for the evaluation of the fit in chapter 5.

- Civil infrastructure:
Fragmentation, typically a construction project is executed by a large number of firms and, holds
a strong division between the project team in design and construction stages, both causing
difficulties on coordination and integration. (Alaswal & Sik-Way Fong, 2015) Physical domain, an
infrastructure project is a definite system when the construction has started. The system is
constructed within the physical domain of functioning systems and is paired with physical
changes to the environment. (Pinto & Covin, 1989; Wasson, 2006) Dynamic environment and
immediate interaction, during the construction of an infrastructure project the system is
constructed within the system boundaries of interacting systems. During every phase of the
construction, the functioning of the system of interest has to be guaranteed. This means an
infrastructure project has to interact with the other systems before it is completed (Winch,
2010).

- IT
An IT project uses hardware, software and networks to create a product or service. The rapid
development in the sector causes technology to be out-dated before the project is completed. In
the project, there is a large focus on security and data management (Schwalbe, 2015). In IT
project a large part of the budget is spent during the development of the project, the costs of the
execution are considerable smaller.

3.2 Underachieving construction projects

Failure costs are one of the factors causing underachieving projects. Failure costs are considered
avoidable costs. Failure costs can occur in all project phases and have different causes; the
factors leading to failure costs are not often directly seen and can originate from an earlier
project phase. Inefficiencies and failure in the design, inefficient work preparation, planning
issues, delayed supplies or failures in supplies, waste, unskilled workforce, bad quality of work
and communication issues can strongly affect the outcome of the construction project
(BouwKennis, 2015). Failure costs can have a major effect on the outcome of a construction
project. In the Dutch construction sector profit margins are small while the failure costs are
large, for example, on an average project a contractor works with an approximate profit margin
of 2% while the failure rate was 7.7% of the total turnover in 2001 and increased to 10.3% in
2010 (Santema et al, 2010); (Wal, 2015) PWC (2015) estimated the failure cost in the
construction sector between 8 and 13% of the total construction output of 52 billion euro. Over
time the sector gained awareness for a combined effort between constructors, their suppliers
and their clients to lower the failure costs. Santema et al. (2010) argue that the lack of
communication and information transfer, inadequate attention for a feasible design, and the
delivery of quality to the end user as the biggest priority points for the sector. As an approach to
reduce failure costs the Dutch construction industry introduced integrated contracts and quality
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based tender selections. The effects of these efforts are visible in certain areas but more
problems have to be overcome. (Boes & Dorée, 2008)

Janssen and Klievink (2012) identify five categories of failure factors that can lead to the failure
costs in the development of projects, in this research the process category is further evaluated:

- Organisational network: consists of disagreements in the regarding the certain roles
involved and aims of the collaborating organisations.

- People: consists of the lack of motivation, capabilities, and the internal relations of
people contributing to the project.

- Process: consists of inefficiencies, underestimation, segmentation, and no stakeholder
involvement in the processes needed to successfully achieve a project.

- Product: consists of unclear objectives and ambitious requirements of the project.

- Technology: consists of too many and overestimating innovations, and an addition of
new risks and changes during the project.

Need in construction sector

Construction projects can be defined as complex, due to the many disciplines and stakeholders,
fragmented processes, temporary duration, are these construction projects unique in each
project (Chan & Chan, 2004; Horstman & Witteveen, 2013). With the addition of quality
standards, integrated contracts and performance contracts, the responsibility for the contractor
gradually increased. The scope of current civil infrastructure projects is growing and therefore
becoming more complex while the demand for safety and sustainability is increasing and costs
need to be reduced. (SE, 2013) The civil infrastructure sector changed from solely designing and
constructing objects to providing the full service for the consumer. In this switch from a
solution- oriented to a problem-oriented approach, contractors are expected to design, built,
finance, maintain and operate these complex projects in a multi-stakeholder environment
(Horstman & Witteveen, 2013; Houdt & Vrancken, 2013). In a problem-oriented approach the
responsibilities of design, realisation and in some cases exploitation shifts from client to the
contractor. Clients deliberately take a step back and transfer actions to the contractor, for
example, the supervision changed from checking each individual object to auditing the internal
processes of the contractor. To manage projects with increased complex environments, to shift
responsibilities and to reduce the failure cost, both parties adopted standardisation as a method
to achieve an improvement in process implementation and optimisation.

3.3 Effect of standardisation on process performance

The most frequent mentioned benefit of standardisation is the reduction of variation. Reduction
in process variability results in an increase of quality, delivery time and cost (Santos, Formoso, &
Tookey, 2002). The variability in one process can effect the input of successive processes;
resulting in a far greater variation which might even lead to an unacceptable process output
(Santos et al., 2002) Therefore, reducing variability can increase the level of competitiveness of
an organisation (Polesie, 2013; Santos et al,, 2002; Sommerville, Craig, & Bowden, 2004). The
knowledge and resources of an organisation are fully exploited in the development of
standardised procedures; operators of procedures do not need to obtain the expertise to develop
these actions. The conserved time can be used to solve unique and complex problems. (Wears,
2014). The anticipated levels of performance improvement in the construction sector are
supported by results of standardisation of processes in other sectors (Edum-Fotwe, Gibb, &
Befort-Miller, 2004)

Standardisation also has its downsides; the knowledge used to develop standard procedures is
out-dated and therefore decreases the efficiency of organisations (Wears, 2014). Especially the
construction sector might experience difficulties when implementing standardisation.
Construction projects are generally seen as unique systems and the course of construction is
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difficult to predict. Implementing standards is experienced as difficult and might not benefit the
organisation (Polesie, 2013; Wears, 2014). Adopting a standard does not guarantee result;
correct implementation and continuously reviewing and improving are an important part of
achieving a result (Santos et al, 2002). ISO standardisation is a tool to implement
standardisation in the construction industry; measuring the effect of ISO standardisation on
construction processes provides a quantitative indicator of its effect.

Performance measurement

Implementing the system life cycle standard to improve process performance is paired with the
use of performance measurement. Performance measurement provides organisations additional
information to control their processes. This information brings transparency, is a motivation to
increase output, and appoints accountability within an organisation (Bruijn, 2002). In the
construction industry, performance indicators (PI) are often used as an input for these
performance measurements. Pl provides organisations quantitative indicators, which visually
display the performance of the measurement (Sanchez & Robert, 2010). PI can be leading and be
lagging as well as quantitative and qualitative. Lagging PI indicates past results while leading PI
provides the opportunity to forecast and steer on the achievement of objectives (Horstman &
Witteveen, 2013; Sanchez & Robert, 2010). The use of PI also has its downsides; firstly,
contractors experience difficulties in the collection and benchmarking of data, secondly,
indicators are difficult to quantify, thirdly, the measurements are time and resource consuming,
fourthly, the use of PI places a heavy burden on the personnel, and lastly, the attention for the
indicators falls as the project advances (Chan & Chan, 2004; Horstman & Witteveen, 2013;
Sanchez & Robert, 2010). As a measure de Bruijn (2002) proposes to prevent measurement on
output. Standardised process measurements, adopted by both parties and supported by an
industry-wide benchmarking achieve a greater result and would justify the input of resources
(Bruijn, 2002; Horstman & Witteveen, 2013).

Performance measurements form the basis to determine the process capability of an
organisation. Process maturity is used to translate process capability into relative values. The
process assessment model and the process maturity model use a similar scale to determine the
capability of an organisation.(Boehm, Port, & Basili, 2001) However, a capability level does not
have to reflect the actual performance of a project. External factors can influence the
performance of a project, however, mature organisations are regarded as being more able to
adjust to these factors (Sarshar, Haigh, Finnemore, Aoaud, & Baldery, 2000). Reaching higher
capability and maturity levels are some tools in order to achieve process improvement. The aim
for process improvement is driven by the search to increase productivity and limiting reworks.

Results of process improvement caused maturity

Over the years multiple process improvement models based on maturity are developed.
Schweigert, Vohwinkel, Korsaa, Nevalainen, and Biro (2013) found forty different maturity
models. Most maturity models are based on the principles for change and reorganisation in
software development. Maturity models are also used in the construction industry; two
examples of these models are Process Improvement for Construction Enterprises (SPICE) and
Capability Maturity Model (CMM). Both models are based on process capability and process
maturity. Process capability uses a five level framework in predicting the outcome of the process.
Incensement in the capability levels increases the predictability of process. Process maturity
uses the same 5 level frameworks as process capability, while maturity reflects on the entire
organisation (Sarshar et al., 2000). ISO15504-6 strives to a similar stepwise improvement in
process capability and in maturity; therefore the standard can be interpreted as an advanced
model of SPICE and CMM. Results out of the software sector show that the stepwise
improvement results in actual performance improvement (Dion, 1993; Dorling, 1993).
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4 Case study projects

In this chapter the empirical gathered for this research is divided into contractual
information and project specific information. The gathered information and the types of
projects are described in the table.

4.1 Types of information

Existing research on the framework and assessment is limited therefore a large part of the input
for this research consists out of information gathered from case study projects. To obtain
valuable information the prerequisites for the case studies are arrangements of the processes
according to the 1S015288 framework and assessment of capability levels by an external
assessor. The information obtained from the case studies can be divided into the contractual
information and the process specific information.

* The contractual information consists of the tailoring of the contractors’ processes on the
[S015288 processes and the required, offered and obtained capability levels per project
phase. Since the required information does not contain project sensitive information,
the pool of projects consists of eight case study projects.

* The project specific information consists of measurements on performance indicators
gathered by the contractors itself. An additional prerequisite for this type of information
is the existence of minimal half a year of performance measurements. Six months of
measurements are necessary to detect a reliable development in the process
performance. The pool of case study projects that fit these requirements and are willing
to share the specific information is considerable smaller. To draw significant
conclusions over the measurements, four case study projects are desirable and two case
study projects are the minimum to obtain information. Based on these criteria this
research processes are selected in chapter 10.

This research is primarily based on case study results, it is considered as explorative and the

outcomes as hypotheses. Expert validation is used to ratify these hypotheses, however, future
research into a larger pool of case study projects is advised.
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4.1 Selected case studies

All selected case study projects are civil infrastructure projects located in the Netherlands. Most
DBFM contracts prescribed the implementation of the 1SO015288 framework and 1SO15504
assessment; therefore seven out of the eight projects are constructed or maintained by a DBFM
agreement. The range case study projects cover all the different projects phases, with projects
ranging from the development phase until the maintenance phase. The projects are made
anonymous in a request of the project organisations. In the following chapters of this research,
only the project number is used to indicate the designated project. The number corresponds to
the projects displayed in table 2.

Table 2: Case study projects

# Details Information

Contractual | Project specific

Project 1 Type: Dry DBFM project
Specifics: Road expansion X X
Project phase: Maintenance phase

Project 2 Type: Dry & wet DBFM project
Specifics: Road expansion X X
Project phase: End of realisation phase

Project 3 Type: Wet DBFM project
Specifics: Sluice expansion X X
Project phase: Begin realisation phase

Project 4 Type: Dry PDC project
Specifics: Road expansion X X
Project phase: In planning phase

Project 5 Type: Wet DBFM project
Specifics: Sluice expansion X X
Project phase: End realisation phase

Project 6 Type: Dry DBFM project
Specifics: Road expansion X
Project phase: Begin realisation phase

Project 7 Type: Dry DBFM project
Specifics: Road expansion X
Project phase: Realisation phase

Project 8 Type: Dry DBFM project
Specifics: Road expansion X
Project phase: Begin realisation phase
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5 Position and purpose of the ISO standards

[SO15504-6 is one of many audits systems operating in an infrastructure project. The
position of [SO15504-6 within these standards and purpose for the contractor for
implementing ISO15504-6 are evaluated in the following paragraphs.

5.1 Position of the standards in an infrastructure project

During the execution of an infrastructure project, a range of audit system measures the
contractors' performance. These systems are used to compare the operating levels and
performance indicators against the requirements and target values (Hastings, 2015). The audit
systems within an infrastructure project can be divided into internal and external audits. The
internal audits are performed by the project organisation itself, the external audits are
performed by the client or entrusted to specialised organisations. Internal audits are used to
check if the processes comply with the quality standards of the contractor, the contractual
requirements and covers requirements out of external audits. External audits are used to
determine if the project complies with audit specific requirements. An external audit is focussed
a specific subject, however, an overlap between the audits is possible. Typical external audits in a
Dutch infrastructure construction project are:

- Electronic Data Processing audit (EDP): Monitors the accurateness and functioning of
data management systems. The audit varies from the financial systems to the document
management systems.(Wilson, 2012)

- System-oriented contract audit (SCB): Auditing the quality management system of the
contractor to ensure the quality of the end product fulfils the requirements of the client.
(Rijkswaterstaat)

- Safety, Health and Environment (VCA): Certificate intended to increase the safety and
accidents of an organisation.

- Safety Performance Indicator Contractor (SPIC): Monitoring safety performance of the
entire chain of contractors involved in a project. SPIC is only used for monitoring,
measures resulting from the SPIC can be imposed by the SCB. (Weger, 2012)

- ISO 9001 Quality Management system: Audits the quality of the management system,
used to ensure and demonstrate the quality of the products meet the client and
regulatory requirements. (ISO, 2015)

- ISO 15504-6 Process assessment — System life cycle: Used to assess the performance of
the system life cycle processes (ISO 15288), provides repeatable methods and relative
values to repeat and compare assessments. (ISO/IEC, 2013)

Position of ISO15504-6

[SO15504 is an assessment model that monitors the capability to assess the performance of
processes. The standard serves as a handhold to perform a consisted assessment (ISO/IEC,
2013). ISO15504 exist out of ten parts, part 6 of ISO15504 is specifically developed to assess
processes that are arranged according to the 1SO15288 framework. The relation between the
standards causes this research to interpret the standards as a combined approach. ISO15504-6
assesses all processes included in the life cycle of a system; therefore an overlap with other
audits is possible. For example, while assessing the quality management process according to
[SO15504-6 an overlap between the attributes related to the 1SO9001 Quality management
system and the SCB audit occurs. ISO15504-6 distinguishes itself as an assessment model, while
IS09001 is a performance audit. In the assessment model, the performance of the process is
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expressed in a relative value; the assessment provides requirements for the process to achieve
this value. The audit checks if the system achieves the requirements for the specific subject.

5.2 Purpose

In the Dutch construction sector, the client prescribes the implementation of the ISO 15288
framework and the ISO 15504-6 assessment in most DBFM contracts (Rijkswaterstaat, 2016).
Out of the eight case studies used in this research, only one project implemented the standards
out of its own intention. It is seen, contractors often apply a higher capability level as contractual
prescribed by the client, this will be further elaborated in Chapter 7. Based on this knowledge,
the contractor pursues multiple goals with the implementation of the standards; the goals are
prescribed in the non-specific order.

* The use of 1S015288 and 1SO15504-6 is prescribed in the bindings agreement of a
DBFM project. The DBFM agreement assigns three penalty points for not achieving the
capability levels within the designated time frame and another four penalty points for
not recovering in the next designated timeframe. The weight of these penalty points is
relatively high, it can be compared with the penalty for critical safety issues related to
causing an unsafe situation for road users (Rijkswaterstaat, 2016). The contractor has a
contractual obligation to implement the framework and achieve certain capability levels
within a designated timeframe. Not achieving this obligation results in a financial loss.

* The second goal proceeds out of the literature review. The failure cost in construction
projects consumes a considerable part of the total budget, between 7 and 13% (PWC,
2015). Standardisation of project processes can reduce the variation and increase the
competitiveness of the contractor (Polesie, 2013; Santos et al., 2002; Sommerville et al,,
2004). The 1SO 15288 framework and the ISO 15504-6 assessment are considered as
one of these standardisations. The standards claim to provide procedures able to reduce
the variation and provide the ability to monitor the performance and to be able to steer
processes to achieve business goals. (ISO/IEC, 2013). If the combination of standards
achieves the claimed increase of process performance, then indirect the ISO 15288
framework and the ISO 15504-6 assessments help to reduce the failure cost in
infrastructure construction projects. However, an increase in process performance is
only a reduction in one of the five categories of failure factors mentioned by Janssen and
Klievink (2012). The other factors organisational network, people, product and
technology are still in play.

* The third goal is indirectly linked to the implementation of the standards. By including
the ISO 15288 framework and the ISO 15504-6 assessments as a whole or only
including higher capability levels as contractual required in the tender bid, the
contractor can differentiate itself from the other bids. Disregarding the positive effects
of standardisation, the capability levels allegedly represent a relative value that
represents the capability of the project processes. The goal for the contractor is to
differentiate itself from the other bids and increase its chances of winning during the
procurement of a project.
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6 Evaluation of the fit of ISO15288

The first step to determine the effect of the ISO standards is to evaluate the fit of the
standards on civil infrastructure projects. This evaluation is performed by evaluating
theoretical life cycle of ISO15288 and the life cycle of an infrastructure project.

6.1 Theoretical life cycle evaluation

A joint technical committee of Information Technology, Software and Systems Engineering and
Computer Society Systems designed the ISO 15288 System Life Cycle Standard for the
development of IT systems. The latest version of the standard claims to establish a framework
for “all man-made systems” (ISO/IEC/IEEE, 2015, p. 5). As mentioned in chapter 1, the standard
works as a structured guideline in the arrangement of processes in the life cycle of a system.
Sarshar et al. (2000) states that an innovation designed in another sector needs to fit the context
and conditions of the implemented sector in order to achieve the intended result. Based on this
statement the fit of the 1SO15288 on a civil infrastructure project is evaluated. IS015288 is
considered as a System Life Cycle standard, therefore an evaluation of the fit between the
applied life cycle in the standard and the life cycle of an infrastructure project is considered as
the starting point in this research.

The characteristics of an infrastructure and an IT project are described in chapter 3.1. Based on
these characterises the life cycle of ISO15288 and the life cycle of an infrastructure project are
evaluated.

Life Cycle of an Infrastructure project

The fit of the standard is determined by comparing the life cycle of an infrastructure project with
the life cycle supported by 1IS015288. The life cycle of an infrastructure is defined by combining
the definitions of (Bull, 2015; PMI, 2008; Wasson, 2006). The stages and essence are shown in

Table 3.

Stages

Definition Procurement Development | Construction Operations & | Retirement
maintenance

Feasibility Proposal System Method and Payment Disposal

study Preliminary design phases of maintenance | End oflife cycle

Operational design, planning Planning & construction

need & costing costing

Table 3: Combined infrastructure life cycle model and purpose

Life cycle of 1S015288
The purpose of ISO 15288 is to provide a defined set of processes to facilitate communication
among acquirers, suppliers and other stakeholders during the life cycle of a system. (ISO/IEC,
2010) The group name for life cycles of different products and services is called a life cycle
model. A life cycle model is divided into life cycle stages, a system progresses through these
stages during its life cycle. There is limitless variety in the number of life cycle models. However,
essential characteristics life cycle stages exist in the life cycle of any system. ISO 24748 guide for
life cycle management uses the following principles applicable for life cycle models:
- The stages do not have to progress in a successive order; interaction between the stages
is possible.
- Enabling tools and attributes should be available for each stage in order to achieve the
outcomes of the stage.
- Progression to another stage requires fulfilment of exit conditions of the present stage
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Evaluation

The compatibility of [ISO15288 to an infrastructure project is determined by evaluating if the life
cycle of an infrastructure project fits within, one or a combination of, the domain life cycles
supported by the standard. The life cycle models and stages currently supported by ISO 15288
are shown in Table 4. In this table, the stages that are comparable with the stages of an

infrastructure project (shown in Table 3) are highlighted. The highlighted stages cover the
entire life of the model and of the infrastructure project. The flexibility and adaptation of the life
cycle model supported by 1S015288 combined already highlighted stages shown in Table 4
indicate 1S015288 is applicable on the life cycle of an infrastructure project. However, the non-
highlighted cell still cover half of the supported models. Not all process included in the standard
have to be applicable to an infrastructure project. Also, it is not confirmed all processes

associated with the development of an infrastructure project are included in the process
framework of ISO15288.

Table 4: Domain life cycle models supported by 1SO15288 (based on ISO/IEC, 2010, p.44)

Models Stages
System Concept Development Production I Utilisation I Support Retirement
Software Concept Development Operation & maintenance Retirement
Hardware | Concept Design Fabrication Operation & Maintenance Retirement
Services Service Service Service Service operation Continual service
strategy design transition improvement
Human Skill needs Acquisition Training Skills use & maturation Retirement
definition
Facility Rendering Structure & site design Permitting | Construction | Operation & Retirement
maintenance
Process Output Flowcharting Write-up Pilot use Use & Retirement
definition improvemen
t
Natural Acquisition Development Exploitation Retirement
Entity

6.2 Practical evaluation

In the case study projects, the practical life cycle stages for the contractor differs from the
theoretical life cycle stages shown in Table 3. Based on the case study projects the practical life
cycle stages for a DBFM project are shown in Figure 5.

Realisation

Conservation

Delivery
Maintenance
Final Delivery
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= =]
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Figure 5: Case study life cycle stages

Before the project is available on the market, the client determines the operational need and
feasibility. The project life cycle for the contractor starts at the procurement stage. If the
contractor is allowed to execute the project it employs a preparation stage to organise the
project team before following to the development stage. During the realisation of the project, the
contractor is responsible for the availability of the existing infrastructure (Rijkswaterstaat,
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2016). The realisation stage consists of the design, preparation and execution of the work. At the
end of the realisation phase, the contractor delivers the project to the client, however it is still
responsible for the maintenance of the project. The maintenance stage of the case study projects
varies between 20-30 years. After this period, the contractor is no longer responsible for the
maintenance of the project and hands over the responsibilities to the client.

Processes included in the IS015288 framework

1S015288 provides a list of processes necessary to complete a project, the list consists out of 30
processes divided into four categories (shown in Figure 3) This collection of processes is not
assumed to be sufficient to complete a project and the categories are designed to create
minimum dependencies between the different disciplines in an organisation (ISO/IEC/IEEE,
2015, p. 17):

- Agreement processes:
Are used for creating an agreement between the acquirer and supplier. The agreement processes
serve as the basis for the initiation and transition to another stage of the project

- Organisational project-enabling processes:
Provide resources and infrastructure to create, support and monitor projects

- Technical management processes:
Are used to support technical processes, by assuring confirmation to the agreement, planning,
risk and decision-making

- Technical processes:
Perform technical actions during the entire life cycle of a system; translate the agreement into a
product or service.

Technical processes
In this research, the agreement, organisational project enabling

and technical management categories are considered supportive Stakeholder
in the development of any system. The technical processes are “i‘,‘:f‘i;ﬁ’t‘;j:“ —
more specific to the realisation of a specific system. The intended Process
application of the technical processes is provided in 1S024748. ¥
This standard prescribes the application of the technical 19 i

Analysis Process
processes used for the development of a system-of-interest. +
Figure 6 shows this intended application. The application e —
consists of two iterative phases with decision gates between the Design Process
stages (ISO/IEC, 2011). The first iterative phase consists of the | 4
requirements and design processes, into which the design is Implementation
made based on the stakeholder requirements. The first decision e
gate is located before the implementation process. The second *
iterative phase consists of integrating the sub-elements to Integrm;n e J
construct a system-of-interest. The system is verified to Verification process
determine if it fulfils the requirements and validated to - | 4
determine if the system fulfils the stakeholder needs. 2 Transition Process

v

Validation Process

The processes can be executed for each sub-systems level and v

lead to the system-of-interest. Note that a system of interest is
composed out of a number of system elements. A system element
can be considered as a lower level system by itself since it is
again composed by a number of system elements (Wasson,
2006). These system engineering principles are further explained
in appendix A.
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Application of technical processes in an infrastructure project
The proposed application of the technical processes is compared with the processes and

activities in the case studies. The applicability of the proposed application, shown in Figure 6,
is used to determine the fit of the 1015288 processes in an infrastructure project.

* The definitions corresponding to the processes belonging to the first iterative phase of
the application are related to the design stage within the life cycle of an infrastructure
project, translating the requirements into an architectural design.

* The purpose of the implementation process is to realise a specific system element,
relative to the system level within the process is operating(ISO, 2015). When translating
the implementation process to a construction project, the process can vary from the
construction of a bridge within an infrastructure system to the construction of a bridge
element within a bridge system. Within a construction project, the implementation
process contains the actual realisation of a system.

* The purpose of the second iterative phase is to integrate the system elements into a
system and verify the system meets its requirements (ISO/IEC, 2010). These processes
can be related to the construction and delivery phase in a construction project.

The characteristics of an infrastructure construction project make it not desirable to follow the
sequence of application described by 1S024748. As described in Chapter 3.1, an infrastructure
project physically changes the environment (Pinto & Covin, 1989) making it undesirable to
verify and validate the system after it is constructed. In the case study projects, the project is also
validated before the execution of the work, changes that might occur during this stage do not
cause changes to the physical environment.

6.3 1SO15288 process framework

ISO 24748 described the application of the standard in sectors other than the IT sector.
1S024748 specifically mentions the civil engineering discipline in their advice for achieving the
best outcome:

“Life cycle models would not need to be developed or adapted for a specific discipline (such
as mechanical engineering, electrical engineering, civil engineering). Instead, the processes
associated with the life cycle model(s) in which that discipline is used would be adapted to
reflect the overall considerations, ..., possibly with additional adaptation for the discipline
itself. “ (ISO/IEC, 2010, p. 74)

The development of a new life cycle model fit for civil infrastructure construction is not
considered the solution to include all the associated processes; this would lead to a surplus of
models for each specific project. ISO 24748-2 recommends organisations to choose the most
applicable, or a combination of, life cycle models and adapt the underlying processes to make it
fit the purpose of the project.

[S015288 contains life cycles models supporting hardware, software, data, humans, processes,
procedures, facilities, materials and naturally occurring entities system elements (ISO, 2015).
The standard does not prescribe any particular life cycle model; it defines a set of processes for
the life cycle stages of the systems life cycle model. By adjusting this set of processes deviating
life cycle stages can be included in the model. Revising the processes should be done by a
structured approach called life cycle adaptation. When adapting the life cycle processes, one
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should be aware of no removing entry criteria for following processes. The procedure of
adaptation is explained in the following section.

6.4 Adaptation for Civil Infrastructure projects

The adaptation procedure is described also described in ISO 24748. Adaptation consists within
each of the four process categories, adaptation on the number of categories is not recommended.
The procedure consists of including and excluding processes, which do not fit the context of the
project or are not considered by 1S015288. The standard provides five mechanisms for
adaptation:

- Process selection:
Select the processes relevant to their needs and declare (full) conformance to the set
- Process substitution:
Use processes from related standards, (such as software, safety)
- Use of outcomes:
Conformance is declared by achieving the satisfied outcomes; other actives and tasks may be
performed.
- Use of activities:
Conformance is declared by achieving the activities; resulting in deviating outcomes but satisfy
the organisation.
- Process tailoring:
Tailoring the process by selecting specific outcomes, activities, or tasks.

In the case study project only process selection and process tailoring are used as adaptation
mechanisms. Process selection consists of excluding processes out of the provided list of thirty
processes (shown in figure 1). Process tailoring is executed by only eliminating outcomes out of
this list of processes.

Process tailoring and selection

Appendix B provides an overview of the process adaptation used in the case study projects, per
case study the tailored and excluded processes are shown. Bound by the contractual agreement
all of the case study projects had to declare full conformance on a similar set of eleven processes,
an adjustment on these processes is not allowed. The remaining nineteen processes the projects
show similar results on excluded processes.

- Portfolio Management Process: excluded by all eight case studies
The portfolio management process is used to select the right projects for an organisation. The
process monitors the projects in order to justify continuous investments. (ISO/IEC/IEEE, 2015)
Organisations argue the project is a single project company and therefore no portfolio is
maintained, leading to the elimination of the process. However, the process could be used to
determine the strategic objectives of scope changes for an organisation, calculation of additional
work. Organisations experience the process as to extensive for the desired outcome.

- Human Resource Management Process: excluded by six out of eight

The human resource management process provides the human resource for the organisation to
achieve their goals within the agreement requirements. (ISO/IEC, 2011) Organisations justify the
elimination by arguing it is a single project company and the process is arranged by the mother
organisation. However, the outcomes of the processes relate directly to the skills required and
achieving the agreement of this specific project. (ISO/IEC/IEEE, 2015) These outcomes can only
be interpreted from a project's perspective, therefore the process is vital to achieving the project
result and is best included in the standard.
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- Operation Process: excluded by all eight case studies

The operation process can be used when the realisation is adequate progressed in order for the
system to deliver output for the desired stakeholders (ISO/IEC, 2011). The purpose of the
processes is to operate the system in order to deliver its intended result. It establishes
requirements to operate the system and monitors the operators' performance (ISO/IEC/IEEE,
2015). Adapting the operation processes is dependent on the content of the agreement. When a
contractor is not responsible for the operation of the system the process can be excluded. The
outcome: "a) Operation constraints that influence system requirements, architecture, or design are
identified” (1SO/IEC/IEEE, 2015) should still be achieved by the System Requirements process.

Including project specific processes

The case study projects show common results in excluding processes. However, none of the
projects included specific processes for infrastructure projects. The project organisations do
execute these processes according to their own management system. Health and Safety, traffic
management and environment management are examples of processes the most common
executed independently by IS015288. Adjustment of the standard by including those processes
would result in a more uniform approach to the executed processes within a construction
project. Case study project six did include all their processes in the 1S015504-6 assessment,
health and safety was included in these processes but designed according to their own project
management system and separate from 1S015288.

6.5 Findings part Il

The application of 1S015288 and [SO15504-6 has multiple incentives, which differ in goal.
Within the case studies, the combination of standards is contractual prescribed, not fulfilling
these requirements can result in penalty points, the combination can be used to stand-out from
the other contractors in terms of claimed performance but the real goal should be achieving an
increase in process performance.

The life cycle model of 1SO15288 is designed to be applicable on a wide arrange of projects.
When comparing this life cycle model with the theoretical and practical life cycle of an
infrastructure project, a certain overlap in the project stages is shown. This overlap does not
guarantee the presence of all specific project elements. When these elements are not available, it
is not desirable to develop a new life cycle model designed to fit a certain sector.

The processes included in the 1SO15288 framework are not sufficient to successfully execute a
project. Furthermore, the addition of project specific processes is necessary. Adjusting the
existing life cycle model, according to all five-adaptation principles, will result in an applicable
standard for infrastructure construction projects. By not only excluding but also including
project specific processes, 1IS015288 is able to contribute to the achievement of a successful
project. The most important processes to include are health and safety, and traffic management.
In the standards the processes are described by abstract definitions, causing the interpretation
of the processes to vary over the practitioners.

The findings out of part II provide input to answer SQ1; with project specific adaptation the
1S015288 standards can fit the civil infrastructure projects. However, more knowledge about the
implementation of the framework is needed to use ISO15288 to successfully execute a project.
After the analysis on the fit of ISO15288, this research focuses on the application of ISO15504-6.
In part III the practical application of ISO15504-6 within the case studies is evaluated. The
differences in application lead to the development of a new design for the application of this
standard over the entire life cycle of an infrastructure project.
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7 Practical application of capability levels

The differences in the application of ISO15504-6 within the case studies are evaluated.
These findings are combined with the theoretical aspects of the ISO standard; this leads
to a recommendation on the most applicable capability levels in each phase.

7.1 Variation in capability levels within the case studies

ISO 15504-6 is designed as a process assessment model for the ISO 15288 standard. The model
is used to translate the capability of a process into relative and comparable values, called
capability levels. The practices of the standard are developed to achieve a consisted and
repeatable processes assessment. ISO 15504-6 uses six capability levels that capability of a
process. These capability levels are divided into nine process attributes (PA), shown in Table

5. These PA determine if a process has reached a certain capability and represent a measurable
aspect of the capability level. Each process attribute has associated Generic Practices (GP),
Generic Resources (GR) and Generic Work Products (GWP). The assessment is based on
objective characteristics used to confirm if certain practices in the processes are performed. The
combined achievement of process capability indicators and process attributes translates to a
certain capability level. (ISO/IEC, 2013, pp. 7-9).

Table 5: Capability levels and process attributes (ISO/IEC, 2013, p. 8)

Process Attribute Capability levels and Process Attributes

Level 0: Incomplete process

Level 1: Performed process

PA1.1 Process performance
Level 2: Management process
PA2.1 Performance management
PA 2.2 Work products management
Level 3: Established process
PA 3.1 Process definition
PA 3.2 Process deployment
Level 4: Predictable process
PA 4.1 Process measurement
PA 4.2 Process control

Level 5: Optimising process

PA 5.1 Process innovation

PA5.2 Continuous optimisation
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Capability levels in practice

In civil infrastructure projects this combination of GP, GR and GWP is also used to determine the
content of each capability level. The bindings agreement between the client and the contractor
links the achievement of a certain capability level to the phase of the project. When the project
progresses into another phase certain capability levels increase in height.

Since the beginning of the implementation of these standards the required capability levels
changes over the project. Out of the eight case study project the height of the capability levels in
each phase is known (shown in appendix C). An evaluation of these levels indicates variation
and similarities in the required capability levels. The most important findings are evaluated to
determine the evolvement of the required capability levels.

- Contractors start to implement 1S015288 and [SO15504 into infrastructure projects
that do not contractual require the standards. By including the standards in the tender
bids the standards are considered part of the final agreement.

- Contractors aim for achieving a higher capability level as contractually required.
However, this is only seen for a limited number of processes, no parallels in the selected
processes are identified.

- Inthe latest project, more processes aim to achieve or achieved capability level 4. This is
caused by an increased contractual requirement and the effort of the contractor to
achieve a level higher than contractual required.

- Different capability levels are required in wet and dry infrastructure projects. In dry
projects, the supply process requires capability level 4; in wet projects the acquisition
process requires level 4.

- The project duration to achieve a higher capability level is reduced, resulting in less time
between succeeding capability level.

o The achievement of these higher levels is often based on intention rather than
achievement. The processes have not started to produce data when the
requirements have to be met.

- Reduction in the number of project phases, in one of the DBFM projects the maintenance

phase is no longer included in the ISO 15504-6. This is shown Figure 7.

4 )

2012 Phase 1: Phase 2: Phase 3:
Contract date + 0,5y - Contract date +1y - Contract date +2y -
Contract date +1y Contract date + 2y End date

Phase 1:
Contract date + 0,5y -
Contract date +1y

Phase 2:
Contract date +1y -
Delivery date

Figure 7: Change in contractual project phases (DBFM contract)

7.2 Capability level of the project management system

Before and during the implementation of the ISO standards, contractors already manage a
project management system to control, organise, prepare and execute the development of an
infrastructure project. In this project management system procedures and outputs for all the
processes are described in order to effectively execute a project (SE, 2013). For most
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contractors, the project management system is not a one-on-one match with 1S015288. To
obtain conformance to 1S015288 the processes are mapped and adjusted to fit the purpose,
outcome and activities used in this standard. Contractors experienced in working according to
the ISO standards update and improve their management system to achieve the desired
capability level. Construction projects are unique. However, the majority of the processes and
procedures are applicable to any construction project. The contractor can use its updated project
management system in future projects.

Capability levels

The capability levels of ISO15504-6 describe a number of activities and outputs the processes
need to execute in order to comply with a certain capability level. A comparison is made between
the described activities and outputs and the project management system of the contractor. With
this evaluation, the added value of the standards on extra to the project management system is
evaluated. This evaluation starts with determining the activities and outputs relating to each
capability level. Level 0 and level 5 are not applicable in case studies.

Level 1: Performed process
Work products are produced to provide evidence for process outcome. For each process
base practices define the content of the work products. (ISO/IEC, 2013, p. 7)

Level 2: Managed process

The process delivers work products within defined timescales and according to defined
standards and requirements. The process is planned and managed in order to achieve a
defined outcome. (ISO/IEC, 2013, p. 71)

Level 3: Established process

The process is managed by a defined process procedure; it exists of documented
standardised procedures and all the resources are in place to deliver the defined
outcome. Level 3.1 contains the definition of the process; the second part is the
deployment of the defined process. (ISO/IEC, 2013, p. 77)

Level 4: Predictable process

The established process is controlled and analysed to demonstrate it operates according
to the organisations' goals. This information provides the ability to make adjustments in
order to achieve those goals. (ISO/IEC, 2013, p. 81)

Project Management System

Results out of case study 6 and 7 achieve capability level 3 at the start of the project. These
results show an experienced contractor is able to design and work according to a project
management system which can be compared to achieving capability level 3, an established
process. Additionally, the characteristics of an established process: standardised processes,
interactions with other processes, competences and responsibilities, necessary work
environment and methods for monitoring are all incorporated in the investigated project
management systems. The level of standardisation in these management systems concedes with
the definition of processes according to PA 3.1. Hypothetical the management system can
operate at capability level three, however defining the process according to PA 3.1 does not
guarantee deployment according to PA 3.2. Assessment should indicate if the design
requirements are actually achieved.
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7.3 Project phases

The binding agreement between the client and the contractor divides the project into phases
into which a certain capability level for the project processes is required (Rijkswaterstaat, 2016).
As explained in chapter 7.1, these phases within the investigated case studies. The applied
phases in the case studies (shown in Figure 7) are mapped on the life cycle of a DBFM
infrastructure project (defined in chapter 6). Based on this analysis the following conclusions are
drawn.

1. The phases in 2012 show: the ISO Standards overlap the entire project life cycle phases
except for the procurement and preparation phase. The capability level required in the
realisation phase is similar to the required level in the maintenance phase.

2. The phases in 2015 show: the ISO Standards overlap a smaller section of the project life
cycle. The standard is implemented from the design stage until the delivery stage.
During the maintenance stage, a capability level is no longer contractual required.

8 Proposed new design for the ISO standards

The findings out of chapter 7 let to a new design for the recommended implementation
of the ISO standards. This recommended design deviates in the number of project
phases as well as the required capability levels in each phase. The new design should be
considered as a preliminary as it is not tested on its effectiveness in this research.

8.1 Project phases

Both of the contractual phases described in chapter 7 do not overlap the entire project life cycle.
Based on these findings a recommendation is given to adjust the project phases in future
projects. The goal of 1SO15288 is to support processes throughout the entire life cycle of a
project, from the concept of an idea until the retirement of the system (ISO/IEC, 2010).

By enlarging the scope of the standards it accommodates the processes throughout the entire life
cycle of the project. By including standards in the procurement and maintenance stage, the
entire life cycle of the project is supported by the same framework; this is shown in Figure 8.
Since projects differ in length the boundaries of the phases are defined by the dates out of the
DBFM contract. The transition to the next phase interpreted as flexible. This flexibility provides a
project organisation to the opportunity to prepare and achieve measurements that can actually
be used to improve the process. In practice around half a year is needed to prepare the
organisation and to gather enough performance measurements to evolve to the next phase.

Phase 1: Phase 2: Phase 3: Phase 4:
Procurement - Contract Date - Commencement Delivery Date -

Contract Date Commencement date - Delivery End Date
Date Date

Figure 8: Flexible project phases
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8.2 Advised capability levels

Not all processes, to successfully deliver a project, are needed in each phase. The useful set of
processes changes as the project progresses. Also, the importance and capability of process
change as the project progresses. Based on the expanded project phases and the statement
working according to the management system is achieving capability level 3, the advised
capability levels per project phase are defined. This results in a new design for the capability
levels per project phase. The design is made for a DBFM dry infrastructure project. The result of

this exercise is shown in Table 6.

Explanation of design:

Phase 1: In practice, the tender phase overlaps with phase one, only the agreement.
Organisation project enabling and project processes are applicable in the tender phase. The
organisation can benefit from arranging these processes in an early stage and used them to have
a head start in phase 2. The technical processes: Stakeholder Requirements definition,
requirements analysis and architectural design process provide the requirements for the tender
design.

Phase 2: Consists of the preparation phase resulting in the formation of a project team. The
project management system should be adjusted to fit the specific project. To create uniformity,
capability level 3 is applicable for all-important processes.

Phase 3: The realisation phase of an infrastructure project overlaps with phase 3. All processes
are active and by working according to the Project Management System achieve capability level
3. A higher capability level is required on processes that are repeatable and are subjected to a lot
of interactions.

Phase 4: During the maintenance phase of an infrastructure project the project organisation
needs to fulfil two objectives: maintaining the system to guarantee its service and to be able to
implement requested changes. The process out of the categories agreement, organisational
project-enabling and project processes are active according to the management system.
Maintenance is split up into maintaining the current system and renewal when the lifetime of an
element is finished. According to the ISO standard, the maintenance process exists out of the
plan and performance of the maintenance, repair and renewal of the system, to guarantee the
system provides its service. (ISO/IEC/IEEE, 2015) Based on the magnitude of the change,
technical processes are required to effectively execute these tasks; these processes are not
continuously active but can be reinstalled when required.

Assessment of capability levels

In the first phase, the assessment can help the organisation in organising the procedures in their
processes. In this phase, there are no contractual requirements to achieving a capability level. In
the second and third phase, a yearly assessment of all project processes is advised. Results from
the case studies show an increase in information after an assessment; by updating the process,
new measurements or just the knowledge of an external party. In the fourth phase the capability
levels remain similar for a period of thirty years, it is advisable to assess the supporting
processes in a larger interval of five years. Yearly assessment of the maintenance processes is
advised to prevent slack within the organisation.
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Table 6: New capability level design

DBFM Dry infrastructure project Advised Capability level
Phase1 | Phase2 | Phase3 | Phase4
Agreement Processes
AGR1 Acquisition process 2 3 3 2
AGR 2 Supply process 2 3 4 3
Organisational project- enabling
processes
ENT. 1 Life Cycle Model Management Process 2 2 2 2
ENT. 2 Infrastructure Management Process 2 2 2 2
ENT. 3 Project Portfolio Management Process 2 - - -
ENT. 4 Human Resource Management Process 2 2 2 2
ENT.5 Quality Management Process 2 3 3
Project Processes
PR]. 1 Project Planning Process 2 3 4 3
PR]. 2 Project Assessment and Control Process 2 3 4 3
PR]. 3 Decision Management Process 2 3 3 3
PR]. 4 Risk Management Process 2 3 3 3
PR]. 5 Configuration Management Process 2 3 3 3
PR]. 6 Information Management Process 2 3 3 3
PR]. 7 Measurement Process 2 3 3 3
Technical Processes
TEC. 1 Stakeholder Requirements Definition | 2 3 3 2%
Process
TEC. 2 Requirements Analysis Process 2 3 3 2*
TEC. 3 Architectural Design Process 2 3 3 2%
TEC. 4 Implementation Process 2 3 3 2%
TEC. 5 Integration Process - 2 3 2%
TEC. 6 Verification Process - 3 4 2%
TEC.7 Transition Process - 2 3 2%
TEC. 8 Validation Process - 3 4 2%
TEC.9 Operation Process - - - -
TEC.10 | Maintenance Process - 3 3 4
TEC.11 | Disposal Process - 2 2 3
| | JE JE 5 |
a e 8 A
55 (g5 |5, |2%
§ g g E Q E L QO g -
= = E3| ES 3| &0
&S SS&|SEa8| A&
*Only active at change procedure
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8.3 Findings part Il

The achievement of capability levels is required in the binding agreement between the client and
the contractor. However, limited consistency is seen in the height of these capability levels and
how the project is divided into project phases. On certain processes the contractor tries to
achieve a higher capability level, resulting in an increase in the height of the average capability
levels. The procedures and attributes described in the project management system of the
contractor also provide the support to manage an infrastructure project. The findings in the case
study projects and comparison between the procedures described in the standards and in the
project management system indicate working according to the project management system can
be compared to achieving capability level 3.

The inconsistencies and findings on the project management system let to the development of a
new design for the application of capability levels within infrastructure projects. By including
1S015288 and I1SO15504 in the tender phase the project organisation constructs the foundation
of its processes in an early phase. This can translate into the achievement of a higher capability
level at the start of the project. Consequently, in the maintenance phase, the project is stable for
multiple years; only a selection of the processes is active during this period. The accurateness of
this design should be validated when results of actual application in a project are available.

In the following section on this research, the process performance improvement is analysed.
This analysis is based on the definition for performance. The performance used in this research
differs from the performance used in the ISO standards. PIs out of 5 case study projects provide
the input for this analysis.
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9 Process improvement

This research does not aim to repeat or verify the procedure executed by the ISO15504-
6 assessment. Process improvement in this research is related to the achievement of
target values and the variation in Pl measurements. Process improvement in ISO15504-
6 is related to the capability of the process. The following paragraph determines the
definition of both types of process improvement.

9.1 Process improvement in 1SO15504-6

ISO15504-6 is the processes assessment model of 1S015288. Each process is organised
according to the framework of IS015288, this framework describes the purpose, outcome and
activities the process has to achieve.

*  “The purpose describes the highest-level objective of performing the process
*  The outcome expresses the observable results expected from the successful performance of
the process.

* The activities are the set of cohesive tasks of a process to achieve the outcome
(ISO/IEC/IEEE, 2015, p. 15)

In ISO15504-6 a structured approach of process attributes describes the capability of managing
and improving the effectiveness of a process in achieving its purpose and contributing to the
achievement of the business goals of the organisation (ISO/IEC, 2013, p. 7). The capability of the
process is expressed in rational capability levels. Each capability level represents an
enhancement in capability compared to the previous level.

Level 0: Incomplete process
“The process is not implemented, or fails to achieve its process purpose” (ISO/IEC, 2013, p. 7)

Level 1: Performed process
“The implemented process achieves its process purpose” (ISO/IEC, 2013, p. 7). The process
produces work products to achieve the outcome.

Level 2: Managed process

“The previously described performed process is now implemented in a managed fashion
(planned, monitored and adjusted) and its work products are appropriately established,
controlled and maintained” (ISO/IEC, 2013, p. 7). The process delivers work products within
defined timescales and according to defined standards and requirements. The process is
planned and managed in order to achieve a defined outcome (ISO/IEC, 2013, p. 71).

Level 3: Established process

“The previously described managed process is now implemented using a defined process that is
capable of achieving its process outcomes” (ISO/IEC, 2013, p. 7) The process is managed by a
defined process procedure; it exists of documented standardised procedures and all the
resources are in place to deliver the defined outcome. Level 3.1 contains the definition of the
process; Level 3.2 is the deployment of the defined process (ISO/IEC, 2013, p. 77).

Level 4: Predictable process

“The previously described established process now operates within defined limits to achieve its
process outcomes” (ISO/IEC, 2013, p. 7). The established process is controlled and analysed to
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demonstrate whether it operates according to the business goals. This information provides
the ability to make adjustments in order to achieve those goals (ISO/IEC, 2013, p. 81).

Level 5: Optimising process

“The previously described predictable process is continuously improved to meet relevant current
and project business goals” (ISO/IEC, 2013, p. 7). The optimising process uses the information
gathered by the previous processes to improve the objectives of the process. Opportunities to
improve the objectives are identified and monitored to determine its results in the desired
effect (ISO/IEC, 2013, p. 85).

The achievement of the activities and outcomes at each level determine the capability of the
process. ISO15504-6 only checks if these activities and outcomes are performed, the degree of
actually achieving the objectives associated with these activities is not evaluated in the
assessment. In 1SO15504-6 process improvement is therefore related to the increase of
information and possibilities to adjust the process. This is shown in Figure 9: Process improvement
based on I1IS015504-6.

A :
Level 5 o . 4 - “H . ﬂ = Optimise objectives J
S -
- - Quantitative objectives
-~ -
: Staridardised&audits ] _
4 :
Outcome - . .
>
t Increase in monitoring and adjustment J

Figure 9: Process improvement based on ISO15504-6

9.2 Process improvement in this research

The definition for process improvement in this research is based on the definitions of ISO15504-
6. In this standard, the achievement of capability level 1 relates to the process achieving the
outcome, without regarding how to achieve this outcome. As the capability levels progress the
focus on the matter to perform these activities and outcome increases. The process attributes of
capability level 4 require the processes to establish quantitative objectives for the performance
of the process. These objectives are called Process Performance Indicators (PPI) (ISO/IEC, 2013,
p. 81). PPI are established to explicitly reflect the business goals of the project. These business
goals represent the highest goals a project aims to achieve, for example executing the project on
time or within budget. The achievement of the PPI is determined by a number of Performance
Indicators (PIs) with corresponding target values. This relation is shown in table 7.
Theoretically, the achievement of the target values of the sum of the Pls relates to the
achievement of the PPI. The achievement of all PPIs relates to the achievement of the business
goals.
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Table 7: Example of distribution of project goals to PI

Business goal | PPI PI Target value
Within budget | AGR 1: Acquire | 25% Mitigation measures executed on time >85%

the right | 25% On time delivery of quarterly statement <14 days

product 25% Delay on critical path larger than one week <1%

25% Mitigation measures with concept status <5%

AGR 2: Supply | 60% Deployment of maintenance costs within | >50%

the right | contractual agreement

product 40% Changes in maintenance strategy <5

The achievement of capability level 4 and the achievement of PPI can be related to the
achievement of the business goals (ISO/IEC, 2013, p. 81). More aspects than process
performance alone affect the achievement of business goals; the information about the
achievement of the business goals is not evaluated in this research. This research aims to
analyses the relation between the achievement of the capability levels and the achievement of PI

target values, with the help of the standard these values reflect the business goals. The analysed

Achievement of
CL

relation is shown in

Figure 10.

Achievement of
business goal

Achievement of
PI target value

Figure 10: relation between achieving PI, CL and business goal

Research

Excessive to the requirements of ISO15504-6, the case studies already establish PI at the start of
the project. This provides the opportunity to evaluate the achievement of the PI target values as
the project and the capability levels progress. The goal of the analysis is to determine if an
increase in the capability level of a process results in an improvement of the process
performance. The process performance is defined by achieving the PI target values and the
variation in the Pl measurements. The analysis is shown Figure 11; the graph represents the
PI measurements with the red line representing the target value. The analysis aims to determine
if an increase in the capability level results in an increase in the achievement of target values and
in a reduction of the PI measurements. The analysis of the factors variation and achieving target
values will be further explained in the next chapter.

4 N

Process Increase in process performance
p
Achieve Target
Reducing variation value

[ Level 2 ] [ Level 3 ] [ Level 4 ]

Figure 11: Process improvement used in this research
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10 Analysis on process improvement

In the previous chapters, the fit of ISO15288 and the application of 1ISO15504-6 within
infrastructure projects are analysed. Based on these results a quantitative method is
developed to determine if the combination of ISO15288 and 1SO15504-6 achieves an
increase in process performance. To analyse process performance the definition for
performance used in this research is determined. Performance Indicators (PI) out of
five case study projects provides the input for the quantitative analysis. PI
measurements out of the case study project are transferred to comparable values by an
analytical framework. The results are analysed and a conclusion on the increase in
capability level and the increase in process performance is drawn.

10.1 Application of analytical framework

The performance is analysed with the help of PIs out of five case study projects. These projects
are described in chapter 4. During the collection of the PlIs, these projects were active in different
stages of the life cycle, ranging from the initiation to the maintenance phase. Combining these
projects resulted in a collection of 38 PI. The PIs provide information for six ISO15288 processes
and the independently executed safety process. The list of unique used Pls is shown in appendix
D. The selected processes achieve the minimum requirements of two case studies and four PIs.
Based on this requirement the following processes are selected:

- AGR.2 Supply Process

- ENT.5 Quality Management Process

- PRJ.3 Assessment and Control Process

- PRJ.5 Risk Management Process

- PRJ.7 Information Management Process
- TEC.10 Maintenance Process

- Safety Process

Chapter 9 describes the definition of process performance improvement used in the analysis.
This definition is based on the two parameters: the reduction of variation and the achievement
of PI target values. One of the main objectives of 1S015504-6 capability level 4 is to establish
quantitative objectives for the performance of the process, which reflect the business goals
(ISO/IEC, 2013, p. 81). These quantitative objectives are represented by Pl measurements. In the
case study projects, the contractors' project management system also gathers Pls in the earlier
phases of the project. This gives the opportunity to analyse the Pls present from capability level
2 until capability level 4.

Variation

The literature review describes the benefits of a predictable process. A predictable process
increases the process efficiency and therefore the competitiveness of an organisation (Polesie,
2013; Santos et al., 2002; Sommerville et al., 2004). Variability in a process strongly determines
its predictability. Based on this theoretical statement, a reduced variability can result in an
increased competitiveness of an organisation. Since processes are arranged sequential, the
variability in one process can have an even larger influence on the final outcome. To validate if
the combination of ISO 15288 and ISO15504 results in the reduction of variation the Standard
Deviation (SD) is used. The SD is a measure to express the dispersion in the PI measurements. In
each process, the variation in the Pl measurements is expressed in the SD per capability level. A
low SD value represents less dispersion. Process improvement would result in a reduction of the
SD in successive capability levels.
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Achieving PI target values

The business goals of an infrastructure project are translated into target values within Pls. The
distance between the target value and the PI measurement indicates in what matter the
objectives are achieved and indicate the performance of the process. In this research, this
distance is called the delta. Process improvement should show a decrease in the delta and an
increase in achieving the target values of the individual PI.

The PI measures different aspects of the process, therefore the dimensions of the measurements
range from percentage to working days, the used indicators and dimension are shown in
appendix D. To be able to compare these different dimensions the measurements are
transformed to dimensionless Z-values. Z-values express the average of the measurements as the
mean and the dispersion in both directions in the standard deviation.

Z-value (z):

Per capability level the PI measurements are transformed into z-values, this implicates that the
mean over the interval is even to zero. The corresponding mean and standard deviation of this
interval are used to transform the target value to the applicable z-value. Because of this, the delta
between the target value and mean is a dimensionless relative value. This makes the delta
comparable between all measurements. Achieving the target value results in a positive value.
Process improvement should show an increase in the delta over the capability levels.

Trend

Not all projects increased a capability level or were able to retrieve the Pl measurements of
previous capability levels. To be able to use the PI of processes acting on a single capability level,
the trend over the z-values is determined. Since all the measurements are translated into z-
values is it possible to compare the trend lines of the different PI. A positive trend line is
interpreted as an increase in process performance.

10.2 Presentation of results

The analytical framework translates the PI of the case study projects into comparable values.
The framework is applied to the measurement of each of the 38 PI. A summary of the results is
shown in appendix E, the detailed and graphical displays of the results are shown in appendix
F.

Summary of results (appendix E)

In the summary of results, the outcome of the analytical framework is displayed for each of the
seven processes. The results are displayed in tables, which contain the factors of the analytical
framework: the average of the Pl measurement, the standard deviation, the delta and the trend.

As an example, the results of AGR 2 Supply Process are shown in Table 8.

This table shows the evaluation of the supply process. For this evaluation, three case study
projects and six different performance measurements are used. All case studies acquired
measurements over increasing capability levels. The average (U) is based on the average of the
raw data set, it represents the real value; the standard deviation (o) represents the dispersion
from the average of the measurements. The distance to achieving the business goals (A), a
positive value represents achieving the goal. The slope represents the trend-line over the
performance measurements.
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Table 8: Supply process summary results

Capability o A (gem - lim) Slope Pl 2 Capability u [ A(gem-lim) Slope
Level 2 29,00 5,43 0,18 0,626 > Level 2 99,25 1,30 -0,19 -0,693
Level 3 33,33 8,67 -0,38 -0,102 Level 3 99,44 0,73 0,09 0,172
Level 4 32,45 8,07 -0,30 /9'007 Level 4 99,50 0,44 0,00 0,078
Project 2
KPI 1 Capability u o A (gem - lim) Slope KPI1 2 Capability u [ A(gem-lim) Slope
Level 2 r 0| Level 2 4 0|
Level 3 8,75 4,92 1,27 -0,427 Level 3 7,59 9,93 -0,36 0,099
Level 4 16,71 7,87 -0,22 0,186 Level 4 1,33 2,38 1,12 -0,082
Project 3
KPI 1 Capability u o A (gem - lim) Slope KPI12 Capability u [ A(gem-lim) Slope
Level 2 r 0 Level 2 r 0
Level 3 1,00 1,15 0,87 0,148 Level 3 1,17 1,67 0,50 0,0171
Level 4 1,17 1,10 0,76 0,045 Level 4 0,17 0,37 4,92 0,0058

The first project out of Table 8 is evaluated in more detail (shown with a red circle). In this
project, the Pl measurements are gathered for a period of five and a half years, in this period the
project increased from capability level 2 into level 4. KPI1 represented the duration of the
delivery of the quarterly statement in days; the contractor set the threshold for this activity on
thirty days. The average (U) only stays within this target during capability level 2. The dispersion
calculated by the standard deviation (o) increased from 5,4 in level 2 to above 8 at capability
level 4. By transferring the raw values in days into z-scores the relative distance towards the
target value is determined. The target values are only achieved in capability level 2. The slope
determines the trend-line within the capability levels. The result in level 2 shows an upward
trend, while in level 3 the trend is negative and level 4 shows no significant deviation.

Detailed results (appendix F)
The details results show a graphical presentation of the results of the analytical framework. In
the graphical presentation, the course of the process performance factors is displayed per
capability level.
The graphical results are explained with the help of the supply process of project 1, shown in
Figure 12. The background represents the timeframe into which a certain capability level was
achieved. Orange representing capability level 2, blue for capability level 3 and green for
capability level 4. The analytical framework uses z-values to compare PI measuring different
dimensions, the raw data of KPI1 contains days and KPI2 measures percentage. The same factors
representing performance in Table 8 are used in the graphical presentation. The black line
shows the average, which is a z-value and constant in all measurements. The dotted line shows
the z-value of the individual Pl measurements.
The red and blue lines show the limits of the target values. If the target value acts above the
black/average line it relates to the PI achieving its target value. In CL 2, KPI1 achieves its
business goals while KPI 2 underachieves. As the CLs increase, the KPI2 improves to achieving
eventually achieving the target value in CL 4, while KPI1 decreases.
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Figure 12: Supply Process graphical presentation of results

10.3 Analysis of results

The results out of chapter 7.3 are analysed to determine the effect of ISO 15288 and ISO 15504-6
on infrastructure processes performance. Appendix E and appendix F prove the input for the
analysis in appendix G. The analysis is divided into two parts; the first part determines an
increase in performance over increasing capability levels. The second part analyses the
performance of individual capability levels.

10.3.1 Analysis of increasing capability levels

In the case studies the capability levels in the processes increase from level 2 to 3 and from level
3 to 4. In both groups, the performance is analysed based on the reduction of variation and
reduction of the delta towards achieving the target values. The performance of these parameters
is divided into three categories: an increase, similar and decrease of performance. The content of
these groups is explained in Table 9. Based on these categories the analysis out of appendix G
is evaluated on the increase in process performance as the capability levels increase.

Table 9: Performance categories

Performance Variation Delta
Increase Reduction of the SD in the | Reduction of the distance between the
succeeding level average and the target value (or
achieving the value)
Similar No significant reduction of the | No significant reduction of the
SD in the succeeding level distance between the average and the
target value
Decrease Increase of the SD in the | An increase of the distance between
succeeding level the average and the target value.
Variation

The result of the analysis on variation is shown in Figure 13. When the process increase from
capability level 2 to 3 the analysis shows a reduction in variation in 62% of the processes
indicators. However, the remaining 38% shows an increase in the variation, resulting in a
decrease of the process performance. The increase from capability level 3 to 4 shows similar
results. 55% of the processes indicators show a reduction in variation. In 18% of the processes,
the variation remained on a similar level and in 27% of the processes the variation increased,
resulting in a decrease of the process performance. Based on these measurements an increase in
process performance is seen in 60% of the processes at both capability levels.
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Figure 13: Analysis of variation

Delta

The analysis on the delta between the average and the target value shows similar results as the
analysis of variation. The results of this analysis are shown in Figure 14. At the increase from
capability level 2 to 3, the analysis shows a decrease in the distance towards the target value or
achieves the target value in 62% of the processes. The remaining 38% showed an increase in the
delta, resulting in a decrease in the process performance. From level 3 to 4 an increase in the
performance of 55% of the processes is analysed. The performance is decreased in 27% of the
processes. Between 50-60% of the processes increased in performance when increasing a
capability level. However, this increase does not directly translate to achieving target values.
This is explained in the analysis within a capability level.

Improvement in Delta
Improvement
. | | 6 [ & Similar
1 2 | -2 3

O N B O

Decrease

Number of
measurements

AlLevel2to3 A Level 3to 4
Capability level

Figure 14: Analysis in delta

Correlation

The Pls improving on the factor variation are almost similar to the PIs improving in Delta. In an
increase in capability level 2 to 3 the same PI, which improve on variation, improved in achieving
business goals. This result is similar to the increase from level 3 to 4.

10.3.2 Analysis within a capability level

Alternatively to the analysis on an increased capability level, the analysis is performed on a
constant capability level. The achievement of target values and the trend of these PI determine
the performance within these levels. The results of the analysis for achieving the target value are
shown in Figure 15. The bar graph shows the total number of PI, out of these PI the red bars
show the number that achieved their target value. The difference in achieving the target value in
each capability level is analysed.

Achieving target values

Processes acting on capability level 2 achieve their business goals in 41% of the PI. In capability
level 3 and 4 this percentage remained around 44% and 41%. These results indicate a higher
capability level does not translate to the achievement of a higher percentage of the target values.
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Figure 15: Analysis in achieving business goal

Trend

A similar analysis is conducted on the trend of the PI, shown in Figure 16. An upward trend
within a PI is conceived as an increase in the performance. Processes acting on capability level 2
achieve an upward trend in 29% of the PI, in capability level 3 and 4 this percentage increased to
59%. For certain PI the target value set at 100%, if this value is achieved the trend might not
always be positive. The trend is not always a good indication of the performance.

Trend-line within capability level
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Figure 16: Analysis trend-line

Availability of information

[SO15504-6 prescribes the collection and analysis of performance measurements. The level of
monitoring the process increases as the capability levels increase (ISO/IEC, 2013, p. 79)The use
of performance measurements is also prescribed by the DBFM contract and the contractors’
project management system. These performance measurements not always correlate with the
requirements of ISO15504-6. A higher capability level forces the contractor to adjust its method
en measure the information according to the standard. This information differs from the
information the contractor was previously measuring of was not measuring the process at all.
[SO15504-6 provides the project organisation with information on the performance of the
process. Since the measurements are based on existing information it is not possible to
determine why and how the change in performance measurements occurred. The change in the
measurements being in the period of the assessment indicates there is a relation. Multiple of
these examples are seen in the case study project, one of these examples is the risk management
process of project 2, shown in Figure 17.
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Figure 17: Change in measurement information

10.4 Processes without 1ISO15288 and 1SO15504-6

Contractors also execute processes independently from the ISO standards, for example the safety
and environment process. The performance in these processes is evaluated similar to the
analysis performed on the ISO processes. The phases within the processes correspond to the
dates that the capability levels over the ISO processes increased in height.

The performance of the safety process is based on four performance indicators out of three case
study projects. The measurements are shown in appendix F, and the analysis is shown in
appendix G. Consequently, all the target values were achieved in all capability levels.

10.5 Findings part IV

PIs out of five case study projects are used to make a quantitative analysis on the improvement
of process performance caused by the combination of ISO15288 and ISO15504-6. Based on the
information available in these case studies the definition for process performance improvement
is defined. Process performance is constructed out of the factors variation and achievement of
target values in the PI. The reduction of variation and reducing the distance or achieving the
target values relates to an increase in the process performance. This information is used to
determine the increase in process performance at increased capability levels.

The increases from capability level 2 to 3 and from 3 to 4 are analysed. In all capability levels,
60% of the PI showed an improvement in the variation and the distance towards achieving the
target values. However, a higher capability level did not translate to the achievement of a higher
percentage of the target values. The assessment caused an increase in the monitoring and
information on the performance of the process, it is not possible to quantify the effect caused by
the ISO standards.

In the following section, the findings out of IV and the previous sections are validated and these
combined results lead to conclusions. These conclusions are discussed and recommendation on
the future application of the standards and further research are given.
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11 Validation of the findings

The fifth step of this research starts with validating the findings and results from the
preceding chapters. These outcomes provide the input to substantiate the conclusion
about the effect of the ISO/IEC/IEEE 15288 framework and ISO/IEC 15504-6
assessment on the improvement of infrastructure project process performance.

11.1 Procedure

The findings are validated with experienced practitioners. To compare the outcomes of the
validation the results are made quantifiable. The conclusions out of segment II, IIl and IV are
translated into 19 statements. These statements can be rated from one to, with one
corresponding to fully disagree and five corresponding to fully agree. Examples of these
responses are shown in Figure 18. Additionally, the experts are allowed to substantiate their
answer. Experts experienced with the implementation and execution of ISO 15288 and
ISO15504-6 are requested to answer the questionnaire. As a result thirteen experts were
included in the validation, three from the perspective of the client and ten from the perspective
of the contractor. A summary of the responses is shown in appendix H.

11.2 Responses

The most important statements are evaluated. Overall the expert responses do not show
consistent answers, in 16 out of the 19 statements at least four out of the five options are rated.
The disunity of the answers can be related to the unawareness in the outcome of the application
of the standards and contributes to the relevance of this research. Before validating the results
the goal of the implementation of the standards in infrastructure projects is evaluated. The
disunity in the responses might indicate it is difficult to determine the actual goal for the
implementation of the standards. Experts from both parties believe the standards are not solely
implemented to achieve processes performance. The experts agree the secondary effects and
cherry picking might determine the implementation of the standard.

Part II: fit for purpose

The experts agree small adjustments are needed to fit the standard on an infrastructure project;
these adjustments largely contain the addition of project and sector-specific processes. The
experts agree the standard can fit infrastructure construction projects with these adjustments.
The experts indicate the knowledge of the contractors is growing, this might indicate the
limitations shown in the evaluation of the case studies. The dispersion in the responses on the
accurateness of the tailoring principles contributes to this statement.

Part I1I: Practical application of the ISO standards

The responses incline to confirm on the overlap between the 1SO15504-6 assessment and the
other external audits within an infrastructure project. The responses agree on an experienced
project organisation, working according to the project management system, is equal to the
requirements needed to achieve capability level three. This contributes to the recommendation
to increase the capability levels in an earlier stage of the project. Also, a large portion of the
experts agrees on the benefits to include the standards in the procurement phase. However, the
standards should not contain a substantial percentage of the tender costs. The experts largely
acknowledge the recommendation on the modification of the maintenance phase.
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Part III ends with a proposed new design for the application of the capability levels and phases
within infrastructure projects. The experts shared their opinion on the accurateness of the
design. Frequently mentioned is the limitation for an infrastructure project to reach capability
level 4. An infrastructure project would not be able to achieve capability level 4 within the
duration of the construction. In the overall perception of the expert’s level 4 does not necessary
benefit the processes of an infrastructure project.

Part IV: Measurement and analysis of process improvement

According to the experts, Pls represent the performance of a process. However, there is no
consensus between the relation of achieving the target value of these PI and the achievement of
the business goals. The experts largely agree on the findings of the analysis on process
improvement. All of the experts recognise a higher capability level does not necessary translate
to the achievement of project goals. Most experts agree on the benefit of increasing a capability
level and thereby reducing the variation and delta. Overall the experts recognise the benefit of
the combination of standards. However, the human factors still influence the performance of a
project.

18. The human factor to achieve performance has more influence than all
procedures and standards

6
5 (45.5%)
4
3(27.3%) 3 (27.3%)
2
0(0%) 0 (0%)
0 l
1 2 3 4 5

19. Correct implementation of the ISO15288 framework and ISO15504-6

assessment contributes to the performance of the contractor.
6 (54.5%)

6 5 (45.5%)

0(0%) 0(0%) 0(0%)
0

1 2 3 4 5

Figure 18: Selection of validation responses
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12 Conclusion

In the conclusion, the answer to the sub-research questions is given. The combination of
these answers leads to the answer of the main research question. The conclusions are
drawn on the findings out of a limited number of case studies; from this perspective, the
conclusions should be considered as a hypothesis.

12.1 Answer to the sub-research questions

In this research project, the effect of ISO15288 and 1S015504-6 on civil infrastructure projects is
analysed. After determining this research methodology the theories behind standardisation and
process measurements were evaluated. Based on the characteristics of infrastructure projects
and the theory on the standards the fit of the framework within civil infrastructure projects is
evaluated. Subsequently, an empirical analysis on the practical application of the standards
within current infrastructure projects was conducted. These findings are included in a new
design for a proposed application of the standards. After concluding on the fit and application of
the standards this research followed to determine the increase in processes performance by a
quantitative analysis. With the help of experts, the findings out of the previous chapters are
validated to answer this research questions.

SQ1: How does the ISO 15288 framework fit within civil infrastructure projects?

With small adjustments to the provided list of processes and a well-developed sequence of the
processes, the IS015288 framework fits within the characteristics of civil infrastructure projects.

The framework of IS015288 is developed to be applicable to a wide arrange of projects.
The life cycle used to develop IS015288 shows overlap with the life cycle of an infrastructure
project. However, the list of processes provided by ISO15288 is not considered to be complete in
order to successfully finish any project, this research shows it is also not complete for an
infrastructure project. It is advised to incorporate infrastructure or project specific processes,
such as the health and safety process, to achieve a complete collection of processes. The case
studies show, these project specific processes are already been executed but independently of
the framework. Including these processes in the 1S015288 framework could create an uniform
approach for all processes in an infrastructure project. Small adjustments in including an
excluding processes are needed to fit the 1SO15288 framework within civil infrastructure
project. In this research the project supporting categories out of ISO15288 are considered to be
applicable to any project, the technical processes however need adjustment to fit within a civil
infrastructure project. 1S015288 considers the technical processes in two iterative loops, being
able to adjust and return to the beginning of the loop if irregularities in the output are detected.
The characteristics of an infrastructure project make it undesirable to apply the loop described
by the standard.

SQ2: How does working according to the project management system relates to
achieving [SO 15504-6 capability levels?

A contractor experienced in working according to ISO 15288 and 1S015504-6 relates to the
achievement of capability level 3, an established process.

Before the implementation of ISO15504-6 the contractor already used procedures described
in its internal project management system to organise and monitor processes. The activities and
outputs described in ISO15504-6 largely match the content of this project management system.
An experienced contractor updates his project management system to with procedures that fulfil
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the latest requirements. This results in a match between 1S015504-6 capability level 3 and the
project management system of the contractor. Results out of the case study projects and the
expert validation confirm these findings. It is important to notice an internal project
management system can hypothetically operate according to capability level 3, however defining
the process according to capability level 3 does not guarantee compliance according to this level.
The achievement of the capability levels will depend on the compliance to the standards and
procedures implemented in the project.

SQ3: How should the ISO 15504-6 capability levels be arranged per project phase?

In current projects, the contractually required capability levels, as well as the applied project
phases, are inconsistent over the case study projects. To solve these inconsistencies a proposed
designed for the application of capability levels in the different stages of an infrastructure
project are proposed. The author proposes a new preliminary design from the perspective of the
contractor and suitable for a road project contracted by a DBFM agreement. (This is shown in
table 6). The main features of the new design are, including the tender phase in the framework
and the adjustments in the maintenance phase. By including the framework in the tender phase
it is considered the contractor can benefit from this foundation in the rest of the project. The
procedures applied in the project supporting processes such as information management
process and human resource management process can benefit the contractor in the starting
phase of the actual project. In an infrastructure project, the activities in the maintenance phase
differ to the activities in the execution phase. In the maintenance phase, the active processes are
reduced to only the most important. Also, the height of the capability levels and frequency in the
assessment are reduced in the maintenance phase. The new design is considered to increase the
applicability of the standards in infrastructure projects; the application should be tested in in
order to draw conclusions on its effectiveness.

SQ4: How is process performance defined in a civil infrastructure project?

Process performance is defined by the achievement of the target value and the variation in the PI

The process performance in civil infrastructure projects is determined by multiple
factors. A large part of the performance is related to the professionals executing the process. The
application of standardised procedure the project become less dependent on the human factor.
The main goals of the project are decided on a high level, for example finishing on time and
within budget. To achieve and measure the aspects determining the achievement of these goals
performance indicators are used. The business goals of a project are distributed into processes
and into measurable PI. Each PI measures a quantifiable aspect of the process. In this research,
the performance of the process is related to the achievement of the target values and variations
within these PI. The target values represent the limit the contractor aims to achieve. Multiple
authors describe the reduction of variation as the main feature to propose standardised
procedures (Polesie, 2013; Santos et al., 2002; Sommerville et al., 2004). An increase process
performance would result in a reduction of the variation and a reduction of the distance towards
achieving the target value.
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SQ 5: How does process performance proceed over increasing capability levels within the case
study projects?

The standards achieve an increase in the parameters that determine performance but are not
used to steer the processes and achieve more target values. A higher capability level does not
contribute to the increase in achieving the business goals.

The definition for process performance out of SQ 4 is used to determine the process performance
improvement within the case study projects. The Pls out of five case study projects provides the
input for an analytical framework, which evaluates the differences in variation and the
achievement of target values within each capability level. The process performance is analysed
at an increase from capability level two to three and from three to four. At both increases in
capability levels, 60% of the PI reduced in variation and reduced the distance towards achieving
the target value. However, the percentage of PI actually achieving their target value did not
increase at a higher capability level. The Pl measurement in capability level 2, 3 and 4 show
similar results in achieving their target value, all at 40%. Additionally, the trend within the
measurements was analysed, in level 2 an upward trend was noticed in 30% of the P], in level 3
and 4 this percentage increased to 60%. Based on these results it is concluded the parameters
determining process performance in this research increase, however, this increase does not lead
to the achievement of a higher percentage of the business goals. Not directly quantifiable
aspects such as the increased focus on the monitoring of processes are also detected, resulting in
the presence of information that was not available before the implementation of the standards.

SQ 6: How does the achievement of ISO15504-6 capability levels contribute to achieving
contractors’ goals?

In this research three goals for the achievement of capability levels are identified: fulfilling
contractual requirements, secondary effects and process performance improvement.

- In eight out of the nine case studies the client prescribes the standards. Not achieving
these requirements can result in penalty points and an increase of costs. In the current
approach, contractors achieve the capability levels and meet the requirements of the
client.

- For some processes, the contractor applies higher capability level than contractually
required. The responses out of the expert validation indicate the application of the
standard can be linked to cherry picking. The intention of the contractor to manage
[SO15504-6 and achieve higher capability level is to differentiate itself from the other
contractors, rather than the intention to improve the performance of the processes.

- The conclusions of SQ 5 show a higher capability level does not result in the
achievement of a higher percentage of the target values. However, it does show a
decrease in the variation and a reduction in the distance towards the target value.
Achieving the capability level does not contribute to achieving process performance
improvement.

- The relation between achievement of the target values and the business goals is not
evaluated. It is not possible to make a substantiated conclusion about the reduction of
the failure costs. The relation between the parameters determining performance and
the failure costs should be further evaluated to draw substantiated conclusions.
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12.2 Answer to this research Question

The answer to the sub-research questions and the findings out of the previous chapters lead to
the answer regarding the main research question and the conclusion of this research.

RQ: What is the effect of the [SO/IEC/IEEE 15288 framework and the ISO/IEC 15504-6
assessments on process performance improvement in civil infrastructure projects?

The [1S015288 framework and ISO15504-6 assessment can have a positive effect on the process
performance improvement in civil infrastructure projects. Nevertheless, the effect is dependent
on the goal and motivation behind the implementation. With the adjustments elaborated upon in
SQ1, 1S015288 and 1S015504-6 fit within civil infrastructure projects. The current approach
mainly focuses on achieving the contractual requirements of the client rather than achieving
process performance improvement. The aim of the implementation does not achieve its intended
purpose. The current aim is to achieve a certificate for each capability level and not necessarily
strive for the purpose of process performance improvement. The increase in capability levels
according to the standards does not translate into the achievement of a higher percentage of the
target values related to the business goals of the contractor. However, even with the current
approach, the effect of (one of) the parameters, variation and achieving target value, defining
process performance is analysed. The combination of standards increases the focus on the
monitoring and analysis of processes. This additional information is not used to effectively steer
the processes into the achievement of business goals.
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13 Discussion

Within the limited time and resources, this research led to findings on the effect of
[S015288 and 1S015504-6 on infrastructure construction projects. These findings and
limitations are discussed from the perspective of the author.

13.1 Discussion on the findings

The goal of this research was to identify the effect of IS015288 and 1S015504-6 on the increase
of process performance in infrastructure construction projects. To approach the problem from
an objective perspective, a quantitative approach was used to determine the effect of the
standards on process performance. The PI out of five case study projects provided the input for
these measurements. Analysing the PI measurements showed improvement in the factors
determining performance in this research but no increase in the achievement of project goals. It
can be noticed the implementation of the standards let to an increase in monitoring and analysis
of the PI measurements. However, the increase in information is not used to achieve the actual
business goals. Therefore, it is not known if the measured improvements contribute to, the
actual purpose of implementing the standard, the process performance improvement of the
project. In the current approach the purpose of the implementation shifts from, the actual goal,
increasing the performance of the project towards achieving the requirements of the standard.
In this approach the usefulness to achieve the actual goal of the standards is questionable.

* Above described findings can relate to the questionable applicability of the highest
capability levels within infrastructure projects. Consequently, due to the short duration
of most infrastructure construction projects capability level 5, to optimise the process is
not achievable. Most experts even question the applicability of capability level 4 at most
processes, related to the non-repetitive activities within infrastructure projects. Not
achieving the highest level does not necessitate the contractor to take actions, since
optimising is only required in level 5. In the current approach, the process information
is gathered but not used to improve the process.

* The findings out of the analysis indicate the achievement of target values does not
increase at increasing capability levels. This conclusion can be related to the capability
of the management system of the contractor. In SQ 2 the capability of a contractor
following to its project management system is comparable to achieving 1S015504-6
capability level 3. If the contractor follows the procedures described in this management
system it is evident the differences in achieving the target values between capability
level 2 and 3 will be limited. In the period the process was assessed according to the
required level 2 the contractor might actually be working according to level 3. The
limited differences between capability level 3 and 4 can be ascribed to the short
duration of these processes in a project. The results and added benefit of applying
capability level 4 will only be visible for a longer duration (+ six months) of analysing
and adjusting the process according to the observations. The PI measurements used in
this research cover a shorter period. The effect on process performance improvement
can become visible after this period, which is only useful for processes that actually
achieve capability level 4 for a longer period.
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* In five case studies over thirty different PIs are used to monitor the same seven
processes. Even projects from the same contractor do not manage the same PI in their
projects. The accurateness of these PI's was not included in this research. However,
some of the PI measurements were ambiguous or contained that many errors the data
was not interpretable. Consequently, it is not uncommon to analyse Pl measurements
that did not achieve the threshold value for a period longer than six months. Still, these
measurements were distributed throughout the organisation without an improvement
was implemented. These findings question the importance of the PI's for the contractor,
contributing to the conclusion the standards do not contribute to the improvement of
the process.

*  Most of this research was conducted from the perspective of the contractor. The link in a
few occasions the link with the client was observed. For example, the contractual
deviations in prescribed capability levels indicate the ideal setup is still under
development. Also, the motivation and intention for the prescription of the standards
could not be identified when consulting experts from the client.

In my opinion, above observations indicate the biggest issues when applying the standards in
infrastructure construction projects. Although analysis shows the standards achieve a certain
increase in the parameters representing performance they are not used to steer on the
achievement of target values. In other words, the processes are analysed but the analysis is not
used achieve business goals. The measured effect of the standards is largely related to the
implementation and execution of both parties rather than the content of the standards. All
consulted experts agree processes that are properly implemented and executed according to the
ISO standards can increase the performance of the process, unfortunately, currently only the
contractual requirements are achieved. I share this opinion and believe the additionally
generated information can be used to increase the performance of processes in infrastructure
construction projects.
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13.2 Limitations

This research is subjected to a number of limitations. The most important limitations are

discussed in the following paragraph.

The main limitation of this research relates to the significance of the results. The
conclusions on the increase in process performance are drawn on a limited number
of five case studies. Consequently to the willingness to share information and the
limited amount of projects working with the standards it was difficult to increase
the number of case studies. The number of measurements determines the
significance when determining the variation and average within the capability
levels. One large outlier can largely affect the performance of the indicator. To detect
fluctuations with the significant difference the value of the F-test needs to be higher
than the F-critical (Dekking, 2005). In this analysis number of measurements
required to draw significant conclusions is not reached. Since the findings did show
a consistent outcome over the case studies it is chosen not to consider the
significance in when conducting the analysis.

The limitation in the number of measurements also reflected on the increase in
capability levels over the duration of the project. This research is based on the
progression of capability level to detect an increase in the process performance.
However, the projects are currently applying the standards only for a short period.
In two of the case studies, the project progressed to the successive level only two
months ago, making it impossible to determine the performance in this level.
Consequently, the number of projects that progressed more than one capability level
is also limited. Only two of the gathered PI progress from capability level two to
four in the duration of the project. The increase in the parameters variation and
business goals is determined on different PI, rather than analysing the increase of
the same PI over successive capability levels. To draw a more substantiated
conclusion on the process performance improvement caused by the standards more
Pl need to progress over the entire life cycle of the project.

Concluding the limitations with the differences in project dynamics during the life
cycle of an infrastructure project. As the project progresses in time and enters new
project phases the capability levels increase. In the earlier phases of the project, the
procedures and plans are new and the organisation is subjected to dynamics and
changes. In the later phases, the procedures can become habits and the dynamics
can decrease. Also if an activity is executed for a longer period a natural increase in
performance can develop. The extent to which the difference in dynamics in each
projects phase and the natural maturity contributes to the process performance is
not considered in this research.
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14 Recommendation

Considering the conclusions and findings the following recommendations are proposed
to improve the implementation of ISO 15288 and 1S015504-6 in future infrastructure
construction projects. These recommendations are considered from the perspective of
the author and are applicable for both the client and the contractor. In the second
paragraph, the recommendations for further research are described.

14.1 Recommendations on the implementation

The following paragraph describes the four most important recommendations the author finds
applicable for an improved implementation of the [ISO15288 framework and ISO15504-6
assessment in civil infrastructure projects.

The author considers the current implementation of the standards not as the right
implementation. Developments achieved in past projects should be included in future
projects. Requirements that are unachievable, unrealistic or not contributing to the goal
of process performance improvement should not be included in future projects. This
research proposes a new framework for the implementation of the standards
throughout the life cycle of the construction project. This new design includes the
findings and conclusions and focuses on achieving the real goal, process improvement.
This framework provided in chapter 8, includes the ISO standards throughout the entire
life cycle of the project and focuses on the most important processes in each phase. The
framework should be flexibly interpreted, the next phase starts when the project is
actually entering the next phase and should not be fixed by contractual dates.
Implementation in the early project phases should be initiated from the contractor itself.
To prove the accurateness of the new framework validation and optimisation for a
future project is advised.

Consequently, for the new framework and the current framework to be a success, both
parties should express their purpose when implementing the standard. This purpose
should be achieved rather than just achieving capability levels. To achieve the real goal,
in process performance improvement, the capability level itself should not be used as a
relative value to compare process performance. A higher capability level does not
necessary indicate a better process.

It should be prevented the standards are solely used for cherry picking. If the
implementation of the standards is not described in the contract the contractor is free to
implement the standard out of it own intention. However, the standards should only be
included when the contractor believes in the purpose and uses the standards to increase
process performance. If the standards are proposed in the bid, the implementation and
monitoring should be substantiated. The contractor can substantiate his case working
according to the standards during the procurement of the project. This coincides with
the intention of new design framework mentioned in the first recommendation.

The last recommendation considers the achievement of all capability levels within the
short duration of a project. The standards are intended to grow as an organisation; in
the construction industry, every project is considered as a separate company, which
manages and executes their own process measurements procedures. These construction
projects often have a short duration; it could be more effective to learn from your
projects and improve the entire company. To be able to properly measure and compare
the performance in the different projects, each project should measure the same PI. If
the same PI is measured and monitored the performance of the projects can be
compared. Application of the standard on a company level creates the opportunity to
monitor for a period and might result in the achievement of the highest capability levels.
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14.1 Recommendations for further research

Within the limited time and resources, this research was not able to address aspects related to

analysing the increase in process performance caused by 1S015288 and ISO15504-6. Also, some

findings led to the recommendation for further research.

The biggest limitation to this research is related to a number of available Pls during the
execution of this research. It is recommended to re-evaluate the performance caused by
the standards when more projects have completed their entire life cycle. This would not
only result in a larger pool of projects to increase the significance of the findings but also
more processes would have progressed more capability levels. An analysis based on an
increase of three or more capability levels could predict more about the generated
performance per capability level.

Ideally, this pool of projects would contain projects using the recommended new
framework for the implementation of the capability levels. This would validate if the
framework contributes to an accurate implementation of the ISO standards.

Within this research, the effect of the standards is solely analysed from the perspective
of the contractor. Future research on the achievement of the goals of the client and its
intention for the implementation of the standards would reflect on the effect of the
standard for both parties. Considering this research from the perspective of the client
can also increase the pool of projects since the same client executes most of the civil
infrastructure projects.

The position of the client would also open up more information on the achievement of
business goals. In this research, the business goals are distributed into measurable PI. It
is recommended to evaluate what is the effect of the achievement of capability levels on
the main goals of the project (time, cost and quality) and what is the relation between
the achievement of the PI threshold values and the achievement of these project goals.
Including these aspects would provide the complete picture of the actual performance of
the project and can be related to the implementation of the main purpose of
implementing the standards, the reduction of failure costs.
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Appendix A: Systems thinking

Frequently used terms in the research are system and system engineering. For these terms
multiple definitions on different levels of detail are described by literature. The following section
explains the used definition for a system and how to operate with these systems.

System
The following list shows some of the definitions used by literature:
* Combination of interacting elements organized to achieve one or more stated purposes
(ISO/IEC/IEEE, 2015)
* A system is an integrated set of elements, subsystems, or assemblies that accomplish a
defined objective. (INCOSE, 2015)
* An integrated set of interoperable elements, each with explicitly specified and bounded
capabilities, working synergistically to perform value-added processing to enable a user to
satisfy mission-oriented operational needs in a prescribed operating environment with a
specified outcome and probability of success. (Wasson, 2006)

Based on the definitions out of literature the definition used in the research defined:

A system is regarded as a whole that consist of interacting elements working together to achieve
a purpose within a prescribed environment.

The collection of elements that does not belong to the system but interacts with the system is
called the operating environment or context. Users of a system are considered within the
operating environment. The system boundary defines the line between what belongs to the
system and the operating environment. Systems consist of attributes and processes, attributes
are variables that represent the output of a system and processes are the operations in addition
to the attributes to reach the outcome. A system of interest is composed out of a number of
system elements. A system element can be considered as a lower level system by itself since it is
again composed by a number of system elements, this hierarchical breakdown is shown in
figure A. (ISO/IEC/IEEE, 2015)
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=

.

[ | I
Sysiem Systom System Systen
Element Element Elament Element

[

| |
System Systam System
) | | :

System System System
Elemen Elgment Eloment

System System System System
Elemen Element Element Element

Figure A: System of interest structure
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Systems Engineering
The following list shows some of the definitions used by literature:

*  Systems Engineering is the discipline developed to deliver successful projects (and systems)
in complex environments (INCOSE, 2015)

* Systems Engineering is an interdisciplinary approach and means to enable the realization
of successful systems. Successful systems must satisfy the needs of its customers, users and
other stakeholders. (SEBok, 2016)

*  The multidisciplinary application of analytical, mathematical, and scientific principles to
formulating, selecting and developing a solution that has acceptable risk, satisfies user
operational need(s), and minimizes development and life cycle costs while balancing
stakeholder interests. (Wasson, 2006)

The definition for System Engineering (SE) is derived out of the citied definitions:

An interdisciplinary approach developed for the realization, operation and retirement of a
successful system, which fits the needs of the stakeholders.

According to Wasson (2006), SE is the strategy to bridge the gap between users and system
developers. SE translates the users’ needs and requirements into a framework of specifications,
architectures and designs into which a number of disciplines develop the system. Meeting the
requirements often comes with opposed constraints from other disciplines. With SE the
designed system is evaluated and balanced in order to come up with a coherent system (Wasson,
2006). SE provides a systems engineer with processes and methods to analyse the status of the
system and its underlying sub-systems.
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Conformance to ISO 15288
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Prescribed capability levels

Appendix C

)
o0
~

<
)
~

~

~

BNIHERNNEERNERER

NN ERNERNEL
)

~

S|

BIREINRIE

NEEANNEERNERNER

NN RNEERNGER
)

~

RN NERNERNER
REERNNERNERNEE
NN

M| m[m]m|om]m
o[mn[o[m[o]o[o]m
N[N

NN

NIRNERRGE
NNRNNRNNR

S [ [ ][]

< | [ [m][m]em
< | [m]|m[o]|m|om

o[mn[a]ao]a]o

NIRNGEESE

RIS
NNNNRNCNR

[N [F]S[™
RN EERRR
NN

NIRGGEISIR
o[m[o[m[o]m]m
N[N

~

~
~

)
)

~

~
~

~
~
~

<
)
~

€ aseyd
a3-as

zeseyd Taseyd
ag As‘o+av

- AS‘0+av -av
s p3foid

vaseyd g aseyd
T+av s0+av

z3seyd
T+

T aseyd
s‘o+ad

 93(01d

€ 3seyd
ai-ag

zoseyd T aseyd
as As‘o+av

- AS‘0+av -av
€ waloid

gaseyd gaseyd Taseyd
a3 AS‘T+@)  AST+AD
-AS‘T+HQD - AS‘T+@D - AS'0+QD

z pafoid

gaseyd ¢aseyd T aseyd
a3 AS‘Z+@)  AST+AD
-AS‘THED - AS‘T+QD - AS'0+QD

1 p3foid

Wi8a

Jad

Wi8a

W4i8a

W4i8a

$592044 |esodsiq 11031 IT'v'9

$592044 DIUBUDIUIEIA 0T'23L oT'v'9

$53204d uonesadg 6231 6'v'9

$5920.1d Uonepljep 8031 8v'9

$59204d UOI}ISUBL| L4231 L'v'9

§53201d UOREIIJLUBA 9031 9v'9

$53204d Uoleigaju| 3L Sv'9

$592044 Uonejuawa|dw| 03l a]

$53204d USISaQ |eIN1IBYIIY €031 £v'9

5592044 SisAejeuy sjuswalinbay 703l Tv9
$53204d UONIULAQ SIUdWIINbaY Japjoyaxiels T3l Tv9
595592014 [EAIUYIL

5592014 JUBWAINSEIN| £'74d L'€9

$59204 Juawadeue|n uonew.oyu| 9'r4d 9'€'9
$592044 Judwadeue|y uoneinsiyuo) S'rYd S€9
$5920.14 Juawadeue|y ysiy ¥'rdd v'€9

5592044 JuaWageue|A uoIsaQ £ r4d €'€9

$53204 |0J3UOD) PUB JUSWSSISSY 193[0.d 7'rdd €9
$s920.d Suluue|d 12aloud T°rdd T€9

$955820.4 123[0.d

$S920.4d Juawadeue|y Ayjenp S'IN3 S'T9

$59204d JUSWIFeuUR|A 32IN0SIY UBWINH ' IN3 ¥'Z9
$5920.4 Juawaseue|y 01]0j110d 193(oud €1N3 €79
$53204d JudWwageuey a1ndnJseju| TIN3 779
ssa20.4d Juswadeue|n [9pOIN 9194 317 T°IN3 179

sassad0.d Suljiqeus
-109(04d |euoneziuedio
4oV 719
YOV 19
s955920.d JuaWwaa.dy

ssad04d Ajddng
ss920.d UonIsINoy
aulpwiL

aloid
:sjana] Ayjiqede) p0SSTOSI palinbay

72

MSc Thesis Coen Spelt



4 4 4 4 4 4 4 4 4
€ 12 € 4 12 € 4 12 €
4 4 4 4 4 4 4 4 4
€ [4 € € [4 € € [4 12 2 €
4 4 [4 4 4 4 [4 [4 [4
€ € € € [4 € € [4 12 2 €
4 4 [4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
€ 4 € € 4 € € 4 € € 4
€ 4 € € 4 € € 4 € € 4
€ 4 € € 4 € € [4 € € 4
€ [4 € € [4 € € [4 12 2 €
€ 4 12 € 4 12 € 4 € € 4
€ 4 2 € 4 12 € 4 € € 4
€ 4 € € 4 € € 4 € € 4
4 4 4 [4 [4 [4 4 [4 4 4 4
€ [4 € € [4 € € [4 € € 4
€ [4 € € 4 € € [4 € € 4
4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4
4 [4 4 [4 [4 [4
4 [4 4 [4 4
4 [4 4 [4 [4 [4 4 [4 4 [4 4
€ 4 12 € 4 12 € 4 € € 4
€ 4 € € 4 € € 4 12 € 4
Z 9seyd T oseyd € 9seyd 7 9seyd T 9seyd € 9seyd Z 9seyd T @seyd € 9seyd Z 9seyd T @seyd
ai-As‘'o As‘o-av a3-as as As‘o+av a3-ag ag As‘o+av a3-as as As‘o+av
- AS‘0+av -av - AS‘0+aV -av - AS‘0+av -av
8 10loid L »3foid 9 aloid S afoid
n48a W49a n4€a W49a

$S320.d |esodsIq TTO3L TT'v9

$$920.4d dUBUUIBIA 0T'D3L 0T'v'9

$$920.4 uonesadp 6231 679

$5920.1d UOIepI|eA 8031 817’9

$$920.d uohjisuel| JAREIR L'V9

$S320.d UONEIJIIDA 9031 9v'9

$S92044 uonegaiu| S0l S'v'9

$$920.4 uonejuawa|dwy| 031 v'v'9

$53920.d udisaq |eanRNYdIIY €231 €v'9

$$320.( SIsAejeuy sjuawalinbay O3l v9
$$920.d uonlulag syuawalinbay Japjoyaels T3l Tv9
$955920.( |BIIUYID ]

$$920.d JUBWAINSEIA £'rYd L'€9

$S920.d Juawageue|p uolrew.ou| 9'rYd 9'€'9
$S920.4d Juswadeue|p uoneandiyuo) S'ryd q'€9
$5920.d Jusawadeue| sty t'rYd 7'€9

$S920.4 Jusawaseue|A uoisaqg €14d €€9

$5320.1d [0J3UOD PUB JUBWISSASSY 303(0ud 7'ryd €9
ssad0.d Suluue|d 10afold T'rydd T'e9

$955900.d 123[0ud

$$920.d Juswadeue|n Ayijenp S'1IN3 S'T9

$$920.1d JudWageue|) 924N0SaY UBWNH ' 1IN3 v'T9
$5920.4d Judwadeue|A 01101104 123foud €1N3 €79
$S300.1d JudwWageue|\ ainnJiselyu| C'1IN3 79
ss920.d Juawadeue|n |9poA 324D 9)1 T°IN3 179
-109fo4d |euoneziuedig

ssa204d Ajddng YoV ZT9

$s2204d uonISINdY YoV TT9

$955920.4d Juawaa.3y
aulppwIL

3foid
:sjana] Aujiqede) y0SSTOSI palinbay

73

MSc Thesis Coen Spelt



Appendix D: List of performance indicators

Indicator Limit + Dimension
Delay on critical path larger than 1week 0%

Any delay larger than 2 weeks 0-5%
Actual value of planned unavailability of +70hours <0,94
Actual value of planned unavailability in hour <15,5 hours
Availability based on probabilistic project planning >80%
Completion based on probabilistic planning >80%
Percentage of concept mitigation measures out of total measures <5%
Percentage of new deviations exceeding 10 days of input 0%
Quantified risks with mitigation measures >85%
Mitigation measures executed on time >85%
Percentage executed / planned audits >80%
Percentage of completed mitigation measures >80%
Exceedance of mitigation measures with more than 4 weeks <10%
Percentage of employees educated to work with document >90%
management program

Number of improvement measures which have exceeded their <5 number
deadline

Change management on time >98%
Change mitigations on time executed >85%
Number of changes outside mitigation time <3
Percentage of implementation of changes within 2 days >95%
Changes in maintenance strategy 0-5 number
On time signing of change agreement by both parties <18 days
On time delivery of quarterly statement <14 days
Deployment of maintenance costs within contractual agreements >50%
Percentage of executed maintenance verifications vs planned >75%
Number of complains/reports linked to maintenance <25 number
Percentage executed out of planned safety walks 100%
Percentage implementing findings out of safety walks 90%
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Appendix E: Results summarised

Appendix E: Results summarised

Total KPI's

Total increases in level
Summary

AGR.2 Supply process
Project 1

KPI'1

Project 2
KPI'1

Project 3
KPI1

ENT.5 Quality management process
Project 1
KPI1

Project 2
KPI1

Project 3
KPI1

Project 4
KPI1

Project 5
KPI1

PRJ.3 Assessment and Control
Project 1
KPI'1

Project 2
KPI1

Project 3
KPI1

Project 5
KPI'1

MSc Thesis Coen Spelt
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27
Capability A (gem - lim) Slope KP12 Capability u A (gem - lim) Slope
Level 2 29,00 5,43 0,18 0,626 Level 2 99,25 1,30 -0,19 -0,693
Level 3 33,33 8,67 -0,38 -0,102 Level 3 99,44 0,73 -0,09 0,172
Level 4 32,45 8,07 -0,30 0,007 Level 4 99,50 0,44 0,00 -0,078
Capability A (gem - lim) Slope KP12 Capability u A (gem - lim) Slope
Level 2 0,000 Level 2 0,000
Level 3 8,75 4,92 1,27 -0,427 Level 3 7,59 9,93 -0,36 0,099
Level 4 16,71 7,87 -0,22 0,186 Level 4 1,33 2,38 1,12 -0,082
Capability A (gem - lim) Slope KPI 2 Capability u A (gem - lim) Slope
Level 2 0,000 Level 2 0,000
Level 3 1,00 1,15 0,87 0,148 Level 3 1,17 1,67 0,50 0,017
Level 4 1,17 1,10 0,76 0,045 Level 4 0,17 0,37 4,92 0,006
Capability A (gem - lim) Slope
Level 2 0,00 0,000
Level 3 0,00 0,000
Level 4 50,53 13,44 -2,94 -0,029
Capability A (gem - lim) Slope
Level 2 0,00 0,000
Level 3 90,00 8,86 -1,13 -0,082
Level 4 93,75 6,50 -0,96 0,693
Capability A (gem - lim) Slope
Level 2 91,03 1,30 0,79 -0,066
Level 3 0,00 0,000
Level 4 0,00 0,000
Capability A (gem - lim) Slope KP12 Capability u A (gem - lim) Slope
Level 2 51,67 43,08 -0,77 -0,013 Level 2 39,67 32,46 -1,55 0,252
Level 3 87,50 2,50 1,00 0,116 Level 3 86,83 13,79 -0,23 -0,160
Level 4 0,00 0,000 Level 4 0,00 0|
Capability A (gem - lim) Slope KP12 Capability u A (gem - lim) Slope
Level 2 50,40 13,84 -2,50 -0,68 Level 2 59,40 20,22 -1,27 -0,61
Level 3 97,93 3,45 -0,02 0,17 Level 3 69,04 12,80 -1,25 -0,02
Level 4 0,00 0,00 0,00 0,00 Level 4 0,00 0,00 0,00 0,00
Capability A (gem - lim) Slope
Level 2 19,50 8,56 1,23 -0,140
Level 3 37,30 13,61 -0,54 -0,187
Level 4 0,00 0|
Capability A (gem - lim) Slope KPI 2 Capability u A (gem - lim) Slope
Level 2 87,52 13,65 0,55 -0,025 Level 2 82,43 11,36 0,21 -0,011
Level 3 80,92 13,26 0,07 0,039 Level 3 80,64 12,14 0,05 0,051
Level 4 0,00 0| Level 4 0,00 0,000
Capability A (gem - lim) Slope
Level 2 0
Level 3 37,75 22,05 -0,56 -0,340
Level 4 60 14,80 0,00 0,027
Capability A (gem - lim) Slope KP12 Capability u A (gem - lim) Slope
Level 2 0 0 0 0 Level 2 0 0 0 0
Level 3 0,353 0,923 -0,383 -0,049 Level 3 3,187 7,160 0,253 -0,065
Level 4 0 0 0 0) Level 4 0 0 0 0
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PRJ.5 Riskmanagement
Project 1
KPI 2

Project 2
KPI 2

Project 3
KP12

Project 5
KPI1

PRJ.7 Information Management
Project 1
KPI1

Project 2
KPI1

TEC.10 Maintenance process
Project 1
KPI1

Project 2
KPI1

Project 3
KPI1

Project 5
KPI'1

Safety process
Project 1
KPI1

Project 2
KPI'1

Project 3
KPI1

MSc Thesis Coen Spelt

Capability A (gem - lim) Slope

Level 2 0,0

Level 3 71,8 12,1 -1,5 0,00

Level 4 0,0 0,00

Capability A (gem - lim) Slope

Level 2 0,0 0,0 0,0 0,000

Level 3 10,8 3,5 -0,2 -0,037

Level 4 0,0 0,0 0,0 0,000

Capability A (gem - lim) Slope

Level 2 9,0 6,2 -0,6 0,089

Level 3 0,0 0,000

Level 4 0,0 0,000

Capability A (gem - lim) Slope KP12 Capability A (gem - lim) Slope

Level 2 83,40 2,80 -0,57 0,68 Level 2 58,00 13,47 -2,00 -0,85
Level 3 98,00 2,16 6,02 0,20 Level 3 70,27 27,60 -0,53 0,09
Level 4 0,00 0,00 0,00 0,00 Level 4 0,00 0,00 6,02 0,00
Capability A (gem - lim) Slope KP12 Capability A (gem - lim) Slope

Level 2 0 0 [ 0,000 Level 2 0 0 0 0,000
Level 3 8,80 6,87 0,90 0,226 Level 3 96,90 3,24 -0,96 0,028
Level 4 5,03 3,24 3,07 -0,040 Level 4 98,00 3,58 -0,56 0,011
Capability A (gem - lim) Slope KPI12 Capability A (gem - lim) Slope

Level 2 0 0 0 0,000 Level 2 0 0 0 0,000
Level 3 0 0 0 0,000 Level 3 0 0 0 0,000
Level 4 68,43 29,78 -0,05 0,422 Level 4 70,71 10,33 -0,90 0,277
Capability A (gem -lim) Slope KPI12 Capability A (gem - lim) Slope

Level 2 0,00 0,00 0,00 0,000 Level 2 0,00 0,00 0,00 0,000
Level 3 0,00 0,00 0,00 0,000 Level 3 0,00 0,00 0,00 0,000
Level 4 91,34 5,52 0,24 -0,100 Level 4 38,44 8,77 -4,17 0,070
Capability A (gem - lim) Slope KP12 Capability A (gem - lim) Slope

Level 2 0,00 0,00 0,00 0,000 Level 2 0,00 0,00 0,00 0,000
Level 3 80,93 13,21 0,45 -0,586 Level 3 23,40 3,38 0,47 0,325
Level 4 67,80 16,37 -0,44 -0,097 Level 4 38,42 6,84 -1,96 -0,097
Capability A (gem - lim) Slope

Level 2 16,61 0,93 -1,19 -0,254

Level 3 15,67 1,70 -0,10 0,883

Level 4 0,00 0,000

Capability A (gem - lim) Slope

Level 2

Level 3 0,20 0,40 12,00 0,054/

Level 4

Capability A (gem - lim) Slope

Fase 1 0,00 0,000

Fase 2 5,75 2,28 0,99 -0,044

Fase 3 5,19 3,11 0,90 0,005

Capability A (gem - lim) Slope KPI12 Capability A (gem - lim) Slope

Fase 1 0,00 0,000 Fase 1 0,00 0,000
Fase 2 9,20 9,52 -0,44 0,168 Fase 2 92,40 3,20 0,75 -0,625
Fase 3 2,69 3,41 0,68 0,090 Fase 3 92,92 2,70 1,08 0,094
Capability A (gem - lim) Slope

Fase 1 91,25 1,92 0,65 -0,112

Fase 2 0,00 0,000

Fase 3 0,00 0,000
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: Detailed results

Appendix F

AGR.2 Supply process
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ENT.5 Quality management process

Project 1 ENT.5 Quality Management level 4 Change proposition
B(gem -
KPI1 Capability u [ lim) Slope KPI 2 Capability u [ A (gem - lim; % Z-score KPI1
Level 2 Level 2 LIM >90% (x-u)/a Z-limit KPI 1 Mean
Level 3 Level 3 1[2014-7 63,05 0,93 2,94 0,00
Level 4 50,53 13,44 2,94 -0,0285522 Level 4 2[2014-8 73,76 1,73 2,94 0,00
3[2014-9 62,81 0,91 2,94 0,00
Z-value: KPI 1 4[2014-10 32,2 -1,36 2,94 0,00
2,00 5{2014-11 58,65 0,60 2,94 0,00
6[2014-12 71,33 1,55 2,94 0,00
7|2015-1 46,22 0,32 2,94 0,00
1,00 \ 82015-2 63,64 0,97 2,94 0,00
i 9[2015-3 52,75 0,16 2,94 0,00
0 3 Level 2 10|2015-4 41,13 0,70 2,94 0,00
g O T/ 11{2015-5 41,02 0,71 2,94 0,00
] Vo Level3 12[2015-6 29,64 1,55 2,94 0,00
3 VS 13|2015-7 47,98 0,19 2,94 0,00
3 100 A Level 4
5 ¥ 14]2015-8 34,09 1,22 2,94 0,00
R A 15|2015-9 27,38 1,72 2,94 0,00
8 Z-score KPI1
@ 16|2015-10 43,34 0,54 2,94 0,00
Mean 17|2015-11 34,2 1,21 2,94 0,00
18|2015-12 53,11 0,19 2,94 0,00
limitkPI1 | 19]2016-1 60,61 0,75 2,94 0,00
202016-2 63,64 0,97 2,94 0,00
212016-3 63,97 1,00 2,94 0,00
-4,00 22|2016-4 67,47 1,26 2,94 0,00
Duration 23[2016-5 43,39 0,53 2,94 0,00
242016-6 41,73 0,65 2,94 0,00
25/2016-7 46,22 0,32 2,94 0,00
Project 2 ENT.5 Quality Management Level 4
AOgem -
KPI 1 Capability u o lim) Slope KPI2 Capability u o A (gem - lim)| % Z-score KPI1
Level 2 Level 2 LIM >100% (x-u)/o Z-limit KPI 1_Mean
Level 3 90,00 886  -1,13"  -0,0825] Level 3 1 jan-16 100 0,96 1,13 0,00
Level 4 93,75 6,50 -0,96"  0,6928 Level 4 2 feb-16 85 1,35 1,13 0,00
3 mrt-16 85 1,35 1,13 0,00
oo Z-value: KPI 1 4 apr-16 100 0,96 1,13 0,00
g 5 mei-16 80 2,12 1,13 0,00
6 jun-16 80 2,12 1,13 0,00
100 7 jul-16 100 0,96 41,13 0,00
8 aug-16 90 0,58 0,96 0,00
0,50 9| sep-16 85 -1,35 -0,96 0,00
Level2 10 okt-16 100 0,96 -0,96 0,00
§ 000 11 nov-16 100 0,96 -0,96 0,00
2 Level 3
$
3
° -0,50 Level 4
-l
2
4004 NV i i ———— Z-score KPI1
H —Mean
-1,50 /
m—3_limit KPI 1
2,00 =
jan-16  feb-16  mrt-16  apr-16 jun-16  jul-16  aug-16  sep-16  okt-16  nov-16
-2,50
Duration (months)
Project 4 ENTS. Quality managemen: level 2 Planned audits executed
a (gem -
KPI'1 Capability u 4 lim) Slope KPI12 Capability u o A (gem - lim] numbeq{Z-score KPI1
level2 791,03" 1,30 079"  -0,0657 Level 2 LIM >90 (x-u)/a Z-limit KPI 1 Mean
Level 3 Level 3 nov-15 0,79 0,00
Level 4 Level 4 1 dec-15 90,1 0,71 0,79 0,00
2 jan-16 90,1 0,71 0,79 0,00
Z-value: KP1 1 3 feb-16 94 2,28 0,79 0,00
2,50 4 mrt-16 92 0,75 0,79 0,00
5 apr-16 90 -0,79 0,79 0,00
o0 AN 6) mei-16 91 -0,02 0,79 0,00
. i 7 jun-16 91 -0,02 0,79 0,00
i 8| jul-16 90 0,79 0,79 0,00
1,50 i Level 2 9| aug-16 0,00
5 / v sep-16 0,00
k-] H
£ 100 { Level 3 okt-16 0,00
H i
E / Level 4
2 050 f
5 |
@ A T et 2-score KPI1
0,00 - -
i N = Mean
0,50 ) e 7-limit KPI 1
-1,00
nov-15  dec-15  jan-16  feb16 mrt-16  apr-16 mei-16 jun-16  jull6  aug-16 sep16  okt-16
Duration (months)
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Project 3 ENTS. Quality level 3 Planned audits executed review on verified documents
KPI1 Capabilty u___ o lim) __slope KPI2  [capability u A (gem - lim) Slope numbe{Z-score KPI1 Z-score Z-score KPI2
Level 2 51,677 4308 -0,77 -0,01327 Level 2 39,67 32,46 X ,2517|  |uM >85 (x-u)/c Z-limit KPI 1 Mean | Correlation |LIM >90 %NBV  (x-u)/c omgekeerd Z-limit KPI 2
Llevel3 787507 250 1,00” 011607, Level 3 86,837 13,79 023" 01595 1 22-01-16 85 0,77 -0, ,00] 22-01-16 ¥ -1,55|
Level4 0,00 Level 4 2 19-02-16 4 1,20 0,77 0,00 19-02-16 8 0,98 1,55
3| 180316 100 112 0,77 0,00 180316 100 1,86 1,55
5o Z-value: KPI 1&2 4 150416 30 0,50 0,77 0,0 150416 40 0,01 1,55
" 5 13-05-16 0 -1,20 -0,77 0,00 13-05-16 40 -0,01 -1,55
2,00 6] 10-06-16 95 1,01 -0,77 0,00 10-06-16 50 -0,32 -1,2‘
7 08-07-16 85 0,77 1,00 0,00 08-07-16 66 -0,81 -0,23
1,50 8 05-08-16 90 0,89 1,00 0,00 05-08-16 80 -1,24 -0,23
Lot of 05-09-16 0,00] 05-09-16 100 095 -0,95 0,23
o 100 10 30-09-16 0,00] 300916 100 095 -0,95 0,23
£ Level3 1 28-10-16 0,00] 281016 75 0,86 0,86 0,23
3 o Level s 12 291116 0,00} 20-11-16 100 095 -0,95 -0,23]
% o0 - Z:score keI
H - Z:score KpI2
050
—Zlimit KPI2
100 ——Wean
50 it P11
2
220116 190216 180316 150416 13.0516 100616 080716 050816 050916 300916 281016 291116
Duration (months)
Project 5 ENT.5 Quality Management level 2 Timely processed Deliverd mitigation measures
ogem -
KPI1 Capability u o lim) Slope kP12 |capability u o A (gem - lim) Slope % Z-score KPI1 % Z-score KPI2
Level 2 504071384  -2,50" -0,679378 Level 2 59,407 20,22 -1,277 -0,6081661| LM >98% (x-u)/o Zlimit KPI 1 Mean LIM >90% (x-u)/g_Z-limit K
Level 3 97,937 345  -0,0270,17165247| Level 3 69,047 12,80 -1,25"-0,0152932 1[2015-5 67 1,20 2,50 0,00 2015-5 73 067
Level 4 Level 4 2|2015-6 58 0,55 2,50 0,00 2015-6 77 087
32015-7 58 0,55 2,50 0,00 2015-7 77 087
4]2015-8 40 0,75 2,50 0,00 20158 40 0,96
Z-value: KPI1 1 5[2015-9 29 -1,55 2,50 0,00 2015-9 30 145
2,00 6[2015-10 95 0,85 0,02 0,00 2015-10 60 0,71
7]2015-11 EY 2,30 0,02 0,00 2015-11 89 156
8[2015-12 EY 2,30 0,02 0,00 2015-12 89 156
9[2016-1 97 0,27 0,02 0,00 2016-1 75 047
10{2016-2 97 0,27 0,02 0,00 20162 75 047
Level 2 11{2016-3 100 0,60 0,02 0,00 2016-3 45 1,88 1,25
< Level3 12|2016-4 100 0,60 20,02 0,00 2016-4 47 4,72 41,25
£ 13[2016-5 100 0,60 0,02 0,00 2016-5 66 024 -1,25
z Level 4 14/2016-6 100 0,60 -0,02 0,00 2016-6 70 0,08 -1,25
® Zscorekpi1 | 15]2016-7 100 0,60 0,02 0,00 2016-7 63 047 -1,25
g e 16[2016-8 100 0,60 0,02 0,00 2016-8 667 0,18 -1,25
a 17[2016-9 100 0,60 0,02 0,00 2016-9 744 042 1,25
===zlimitkPI1 | 18]2016-10 100 0,60 20,02 0,00 2016-10 571 093 -1,25
~zscorekpi2 | 19[2016-11 100 0,60 0,02 0,00 2016-11 81,8 100 -1,25
wmeor | 20[2016:12 100 0,60 0,02 0,00 2016-12 766 059 1,25
Duration
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PRJ.3 Project assessment and control process

Project 1 PRJ. 3 Project assessment and control Level 3 duration active work orders
B {gem -
KPI 1 Capability u [ lim) Slope KPI 2 Capability u [ A (gem - lim Days Z-score KPI1
Level 2 19,50 8,56 1,237 -0,140) Level 2 LIM < 30Days (x-u)/o Z-limitKPI1 Mean
Level 3 373071361 -054" 0,187 Level 3 1] jan-13 10 1,11 1,11 1,23 0,00
Level 4 Level 4 2 feb-13 33 -1,577 1,58 1,23 0,00
3 mrt-13 15 0,526 0,53 1,23 0,00
, Z-value: KPI 1 4 apr-13 20 -0,058 0,06 1,23 0,00
5 mei-13 30 0,536 -0,54 -0,54 0,00
6 jun-13 45 -0,566 0,57 0,54 0,00
15 7, ju-13 32 0,389 0,39 0,54 0,00
8 aug-13 33 0,316 -0,32 -0,54 0,00
1 9 sep-13 19 1,345 1,34 0,54 0,00
Level 2 10 okt-13 23 1,051 -1,05 -0,54 0,00
é 05 11§ nov-13 32 0,389 -0,39 -0,54 0,00
2 Level 3 12 dec-13 37 0,022 0,02 0,54 0,00
3
3 o - 13 jan-14 60 -1,668 1,67 -0,54 0,00
5 Y Level 4 14 feb-14 62 -1,815 1,81 0,54 0,00
< \
§ \
G0 e —————————————— Z-score KPI1
1 ——Mean
s 7-limit KPI 1
15
2
jan.-13 feb-13 mrt-13 apr-13 mei-13 jun-13 jul-13 aug-13 sep-13 okt-13 nov.-13 dec-13 jan-14 feb.-14
Duration (months)
Project 3 PRJ. 3 Project assessment and control Level 4 Delivery of planning information
Blgem-
KPI 1 Capability u o lim) Slope KPI 2 Capabil o A (gem - lim| Days Z-score KPI1
Level 2 Level 2 LIM < 50/60 days (x-u)/o Z-limit KPI 1 Mean
Level3 737,757 22,05 -0,56" -0,340 Level 3 jan-16 1,712"7 -1,71 -0,56 0,00
Level 4 60,00" 148 000" 0,027 Level 4 feb-16 17127 1,71 0,56 0,00
1 mrt-16 45 -0,329 0,33 -0,56 0,00
. Z-value: KPI 1 2 apr-16 0 1,712 1,71 0,56 0,00
g 3 mei-16 54 -0,737 0,74 -0,56 0,00
N 4 jun-16 52 -0,646 0,65 -0,56 0,00
5 jul-16 64 -0,27 0,27 0,00 0,00
15 6 aug-16 64 -027 0,27 0,00 0,00
7 sep-16 60 0 0,00 0,00 0,00
51! Level2 8 okt-16 60 0 0,00 0,00 0,00
§ 0s Level 3 9 nov-16 31 1,9 -1,96 0,00 0,00
3 evel 10| dec-16 81 -1,419 1,42 0,00 0,00
-4
g 0 Level 4
2
8
? 05 -==-==-Z-score KPI1
1 ——Mean
15 7 imit KPI 1
2
mrt-16  apr-16  mei-16  jun-16  jul-16  aug-16  sep-16  okt-16  nov.-16  dec-16
Duration (months)
Project 5 PRJ. 3 Project assessment and control Level 3 Delay Buffer
KPI 1 Capability u o lim) _ Slope kP12 |capability u o A (gem - lim) Slope Z-score KPI1 Z-score
Level 2 0,007 0,00 0,007 '0,000] Level 2 0,007 0,00 0,007 0,000} LIM <0 (x-u)/o Zscore KPI1  Z-limit KPI 1 Mean [LiM<5 % (x-u)/o  Z-score | Z-limit KPI 2
Level 3 0357 092 038" 0,049 Level 3 319”7 7,16 025" 0,065 1[20155 0 0,00 0,00 0,00 00020155 0 000 000 0,00
Level 4 Level 4 2|2015-6 o 0,00 0,00 0,00 0,00|2015-6 o 0,00 0,00 0,00
3{2015-7 0 0,00 0,00 000 00020157 0 000 000 0,00
Z-value: KPI1 1&2 4|2015-8 0 0,00 0,00 0,00 0,00[2015-8 0 000 000 0,00
100 s[2015-9 0 0,00 000 000 0,00]2015-9 0000 000 0,00
. 6/2015-10 0 0,38 0,38 -0,38 0,00|2015-10 0 -045 045 0,25
050 7|2015-11 0 -0,38 038 038 0,00[2015-11 0 045 045 025
s & 8|2015-12 o -0,38 0,38 -0,38 0,00)2015-12 0 -045 0,45 0,25,
o000 N T 9]2016-1 0 0,38 0,38 0,38 0,00[2016-1 0 045 045 0,25
050 Level 2 10|2016-2 0 0,38 0,38 0,38 0,00/2016-2 0 045 045 0,25
£ Level3 11[20163 0 -0,38 038 038 0,00]2016-3 0 045 045 025
£ 100 Levela 12[2016-4 0 0,38 038 0,38 0,00]2016-4 0 045 045 025
E o 13|2016-5 0 0,38 0,38 -0,38 0,00|2016-5 0 -045 045 0,25
5150 ~Zscore 14{2016-6 0 -0,38 038 0,38 0,00]2016-6 0 045 045 0,25
§ oo 7 limitkpl 2 | 15]2016-7 32 3,08 -3,08 -0,38 0,00]|2016-7 213 253 2,53 0,25
2015-5 20157 2015-9 2015-11 2016-1 2016-3 2016-5 016-9 2016-11 o Mean 16[2016-8 2L 189 189 0,38 0,00{2016-8 23 253 253 0.25
2,50 17]2016-9 o 0,38 0,38 -0,38 0,00)2016-9 21 -0,15 0,15 0,25,
) zscore kPIL | 18f2016-10 0 0,38 038 038 0,00[2016-10 31 001 001 025
3,00 v ez imit kP11 | 19]2016-11 0 0,38 0,38 0,38 0,00|2016-11 0 045 045 025
202016-12 0 0,38 0,38 0,38 0,00|2016-12 0 045 045 0,25/
350
Duration (months)
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Project 2 PRJ. 3 Project assessment and control Level 3 Availability Completion
KPI 1 Capability u o lim) Slope kP12 |capability u A (gem - lim) Slope % Z-score KPI1 Z-score

Tevel2 875271365 0557 0,025 level2 82437 1136 7 o011 [um>s0 (cul/o Zlimit KPI 1_Mean | Correlation |LIM>80 (x-ul/s_mean Zlimit KPI 2
Level 3 809271326 0077 0,039 Level 3 80,647 12,14 005" 0,051] 1fsep-12 94 0,47 055 sep-12 88 0,49 0,00 021
Level 4 Level 4 2{okt-12 9 0,47 0,55 okt-12 88 049 0,00 021
3[nov-12 9 0,47 0,55 nov-12 88 049 0,00 021
Z-value: KPI 1&2 4{dec-12 9 0,47 0,55 dec-12 88 049 0,00 021
5|jan-13 % 0,47 0,55 jan-13 88 049 0,00 021
6ffeb-13 9 0,47 0,55 feb-13 88 049 0,00 021
7[mrt-13 9 0,47 0,55 mrt-13 88 049 0,00 021
8fapr-13 % 0,47 0,55 apr-13 88 049 0,00 021
o[ mei-13 3 3,92 0,55 mei-13 50 285 0,00 021
Level2 10|jun-13 86 0,11 055 jun-13 71 1,01 0,00 021
] Level 3 11fjul-13 8 0,26 055 jul-13 61 162 0,00 021
-§ Levelt 12[aug-13 92 033 0,55 aug13 69 1,18 0,00 021
: 13{sep-13 95 0,55 0,55 sep-13 95 111 0,00 0,21
H cozscore | g okt-13 7 0,92 0,55 okt-13 73083 0,00 021
5 ——2ziimitke12 | 15|nov-13 86 011 0,55 nov-13 8 01 0,00 021
? . 16[dec-13 97 0,69 0,55 dec13 97 128 0,00 021

mean 17]jan-14 98 077 055 jan-14 99 146 0,00

Z-score kPI1 | 18] feb-14 98 077 0,55 feb-14 8 023 000

ez imitkp11 | 19|mrt-14. 81 0,48 0,55 mrt-14 80 021 0,00

20[apr-14 20 0,55 0,55 apr-14 80 021 0,00

500 21| mei-14 80 0,55 055 mei-14 80 021 0,00

Duration (months) 22[jun-14 89 0,61 0,07 jun-14 87 052 0,00

2ljur1a 98 1,29 0,07 jul-14 97 135 0,00

24faug1a 2% 4,14 0,07 aug14 3 39 0,00

T Tevel 2 Jlevel3 |leveld] 25[sep-14 26 038 0,07 sep-14 80 005 0,00

background 0 | 26[okt-14 77 -0,30 0,07 okt-14 79 014 0,00

| | Level2 |level3 |Level4 27|nov-14 65 1,20 0,07 nov-14 68 -1,04 0,00

background | 35 "EI 28| dec-14 82 0,08 0,07 0,00] dec-14 81 003 0,00

29jan-15 86 038 0,07 0,00 jan-15 83 019 0,00

30 feb-15 86 038 0,07 0,00 feb-15 8 019 0,00

31fmrt-15 ) 0,08 0,07 0,00 mrt-15 8 028 0,00

32[apr-1s 65 1,20 0,07 0,00 apr-15 62 154 0,00

33[mei-15 7 0,75 0,07 0,00 mei-15 68 1,04 0,00

34fjun-15 86 038 0,07 0,00 jun-15 81 003 0,00

35[jul-15 8 0,08 0,07 0,00 jul-15 83 019 0,00

36{aug-15 87 0,46 0,07 0,00 aug15 8 044 0,00

37|sep-15 8 0,23 0,07 0,00 sep-15 87 052 0,00

38fokt-15 89 0,61 0,07 0,00 okt-15 8 036 0,00

39[nov-15 % 0,68 0,07 0,00 nov-15 88 061 0,00

40|dec-15 8 031 0,07 0,00 dec15 82 ou 0,00

41)jan-16 86 038 0,07 0,00 jan-16 83 019 0,00

2feb-16 8 031 007 000 feb-16 82 o1 000

43|mrt-16 8 016 0,07 0,00 mrt-16 88 061 0,00

44|apr-16 8 023 0,07 0,00 apr-16 87 052 0,00

45| mei-16 86 038 007 000 mei-16 91 085 000

46liun16 3 0,16 0,00 Jiun-16 88 061 0,00
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PRJ.5 Risk Management process

Project 1 PRJ. 5 Riskmanagemen Level 3 % mitigation measures in time
K (gem -
KPI 1 Capability u o lim) KPI2  |Capability u o A (gem - lim) Slope Z-score Z-score KPI2
Level 2 Level 2 LIM >90 %NBV__(x-u)/c_omgekeerd _Z-limit KF mean
Level 3 Level 3 71,82 12,09 1,50 -0,00088 1[2014-1 75 026 0,26 -1,50 0|
Level 4 Level 4 2[2014-2 72 001 0,01 -1,50 0|
3|2014-3 67 0,40 040 1,50 ol
200 Z-value: KPI 2 4{2014-4 83 09 09 1,50 0
’ Level 2 5[2014-5 69 0,23 023  -150 ol
6[2014-6 71 0,07 007  -1,50 0|
7[2014-7 69 0,23 023  -150 0|
Level 3 8[2014-8 69 0,23 023 -150 0
9[2014-9 69 0,23 023 -150 0|
10{2014-10 86 1,17 1,17 -1,50 ol
£ Level 4 11(2014-11 89 142 1,42 -150 ol
£ 12(2014-12 65 0,56 056  -1,50 0|
3 13{2015-1 51 -1,72 172 -1,50 0|
3 e 2score kP12 14{2015-2 51 -1,72 172 -1,50 0|
H] 15{2015-3 39 271 271 -150 0|
16(2015-4 82 084 0,84  -1,50 0|
17{2015-5 82 084 0,84  -1,50 0|
T zdimitkpl2 182015-6 77 043 043 -1,50 0
19{2015-7 85 1,09 1,09 -1,50 ol
20{2015-8 90 1,50 1,50 -1,50 ol
—mean 21{2015-9 90 1,50 1,50 -1,50 ol
-3,00 22|2015-10 75 026 0,26  -1,50 of
Duration (months) 23(2015-11 68 0,32 032  -150 0|
24(2015-12 71 0,07 007  -1,50 ol
Level 2 [Level3 |Level4 25(2016-1 55 1,39 139 -1,50 ol
background 35 26{2016-2 75 026 0,26 -1,50 ol
Level 2 |Level3 |Leveld 27{2016-3 68 0,32 032  -1,50 ol
background 18 35/ 50) 28[2016-4 68 0,32 032 -1,50 0|
Project 2 PRJ. 5 Riskmanagemen Level 3 % mitigation measures over 4 week deadline
O{gem -
KPI1 Capability u o lim) F-test KPI2  |Capability u o A (gem - lim)f Slope Z-score Z-score KPI2
Level 2 283 Level 2 B 0,00 LIM <10 % (x-u)/o omgekeerd Moving averz Z-limit KPI1 2
Level 3 384 Level 3 10,85 3,47 -0,24] 0,037 [2013-9
Level 4 284 Level 4 2013-10
2013-11
Z-value: KPI 2 201312
1,50
2014-1
2014-2
1,00 2014-4
20145 -0,24]
050 1|2014-6 11,818 0,28 0,28 0,28 -0,24]
: Level2 2|2014-8 10,741  -0,03 0,03 0,12 -0,24
£ Lol 3 3[2014-10 64935  -1,25 1,25 0,34 -0,24]
£ 000 4[2014-11 16,216 1,55 -1,55 0,14 -0,24]
% “,. ; - Level 4 5]2015-1 67358  -1,18 1,18 0,13 -0,24]
£ 050 { 6/2015-4 6875 1,14 1,14 0,30 -0,24]
g Y Zscorekpi2 | 7]2015-10 16529 164 -1,64 0,07 -0,24|
Vo 8|2016-2 11,268 0,12 -0,12 0,05 -0,24]
-1,00 Vo ===ZlimitkPI2 | 92016-3 9,0909 -0,51 0,51 -0,08 -0,24]
Vi 10|2016-4 12,698 0,53 -0,53 0,09 -0,24]
1 —
-1,50
-2,00
20139 2013-11 2014-1 2014-4 2014-6 2014-10 2015-1 2015-10 2016-3
Duration in months
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Project 3 PRJ. 5 Riskmanagemen Level 2 Risk concept status
gem -
KPI'1 Capability u o lim) KPI2  |Capability u o A (gem - lim) Slope Z-score Z-score KPI2
Level 2 Level 2 8,99 6,16 -0,65 0,0894 LIM <5 % (x-u)/o omgekeerd Z-limit KF mean
Level 3 Level 3 0,00 1] nov-15 21,455 2,02 -2,02 -0,65 0|
Level 4 Level 4 r 0,00 2| dec-15 12,593 0,58 -0,58 -0,65 0
3 jan-16 3,7736  -0,85 0,85  -0,65 0
5o Z-value: KPI 2 4 feb-16 3,0769 0,96 09 0,65 o
g 5 mrt-16 7,7519  -0,20 020 0,65 0
3 apr-16 14,341 0,87 -0,87 -0,65 0
100 7 mei-16 14 081 0,81 -0,65 0
8| jun-16 5 -0,65 0,65 -0,65 0
0,50 " 9| jul-16 4,2969  -0,76 0,76  -0,65 0|
Le
eve 10) aug-16 3097 097 0,65 0
§ 000 Level 3 11 sep-16 2,3715  -1,07 1,07 -0,65 0
g
- Levela 12 okt-16 16,216 1,17 1,17 0,65 0|
3
2 050 . ~Z-score KPI2
- !
e Z-limit KPI 2
£ 100
—mean
1,50
-2,00
nov-15 dec-15 jan-16 feb-16 mrt-16 apr-16 mei-16 jun-16 jul-16 aug-16 sep.-16 okt-16
2,50
Duration (months)
Project 5 PRJ. 5 Riskmanagemen Level 3 quantified risks mitigated risks
KPI1 Capability u o A(gem-|Slope kP12 [capability u s A (gem - lim) Slope Zscore 1 Z-score 2
level2 83,40 2,80 0,57 0,68 Tevel2 5800 13,47 200  08a62] |um>ss % (c-u)/o_Z-limit KF mean LM >85 % (cu)/o___ Zlimitkpi2
Level 3 98,00 2,16 6,02 0,20 Level 3 70,27 27,60 -0,53 0,0920 1f2015-5 80 -1,21 -0,57 0]2015-5 >Z,U_D|
Level 4 Level 4 602 2|2015-6 82 050 057 of2015-6 71 096 -2,00)
3{20157 82 050 -057 of2015-7 7 096 -2,00)
00 Z-value: KPI 2 4f20158 85 057 057 of2015-8 50 0,59 2,00
5{2015-9 88 164 0,57 of2015-9 40 1,34 -2,00)
600 6[2015-10 9% 278 602 0[2015-10 62 0,30 0,53
5,00 7|2015-11 97 -0,46 6,02 0]2015-11 62 -0,30 -0,53|
’ 8[2015-12 97 046 602 of2015-12 62 -0,30 -0,53|
400 ez 920161 9% 093 602 of2016-1 69 0,05 -0,53|
10|2016-2 9% 093 602 of2016-2 69 0,05 -0,53|
§ 30 Level3 19170163 98 000 602 0]2016-3 70 0,01 -0,53]
£ 200 Levels  [2[20164 9% 000 602 of2016-4 25 1,64 -0,53|
3 gscorer 13[20165 98 000 602 of2016-5 60 0,37 -0,53|
g M0 14]2016-6 98 000 602 0]2016-6 100 1,08 -0,53]
& o000 ZAmitkPI2 ) 5f 20167 00 093 602 of2016-7 0 2,55 0,53
—mean  16[20168 00 093 602 of2016-8 100 1,08 -0,53|
1,00 scores 17[20169 00 093 602 of2016-9 87,5 0,62 0,53
18|2016-10 00 093 602 o[2016-10 100 1,08 0,53
207 & St 2 191501611 00 093 602 of2016-11 875 062 -0,53|
9 & S > ) % s X 5
008" & ¢ & S 20]2016-12 100 093 602 o[2016-12 100 1,08 0,53

-4,00

Duration (months)

MSc Thesis Coen Spelt

84



PRJ.7 Information

Management processs

Project 1 PRJ.7 Information Management  level 4. Registration within 5 working days
KPI1 Capability o lim) __Slope KP12  [capability u o A(gem - lim) Slope % |z-scorekpin Z-score Z-score KPI2
Tevel 2 Tevel 2 UM <15% (u)/o ZlimitKPI 1 Mean |Correlation [LM>100% % (cul/c_omgekeerd zlimit kPI2
Level 3 880687 090" 0,226 Level 3 96,90 " 324 09" 00281 1 jan-13 5 0,55 0,90 jan-13 100 0,96 0,96
Leveld 5037324 307" 0,040 leveld  98,00" 3,58 0,567 0,0111 2 feb-13 6 0,41 0,90 feb13 95 059 0,59
3 mrt-13 5 0,55 0,90 0,00 mt13 97 0,03 0,03
Z-value: KPI 182 4 apr-13 7 0,26 0% 0,00 apr13 93 120 120
5 mei-13 2 0,99 0,90 0,00 meid3 97 003 0,03
of jun-13 0 1,28 0,90 000 jun13 100 0,96 0,96
7| k1313 0,61 0,90 0,00 13 97 003 0,03
of g3 12 0,47 0,90 0,00 agls 90 213 213
of sep13 25 236 09 0,00 sep13 100 096 0,96
. Level 2 10 okt13 13 061 0,90 000 okt13 100 096 0,96
H Level 3 11 nov-13 7 0,26 3,07 000[ novI3 100 0,56 0,56
H s 1 dec13 14 0,76 307 000 dec13 87 3,07 3,07
3 13 jan-14 4 0,32 307 000 jan-1a 100 056 0,56
k] Zscore KPIL 19 feb-14 6 0,30 307 000 feb1d 100 056 0,56
H A 2 score KPL2 15 mrt-14 3 0,63 3,07 0,00 mrt14 100 0,56 0,56
N 16 apr14 7 0,61 307 000 aprid 100 056 0,56
— —_ & = zlimit keI 2 17| mei-14 9 1,22 3,07 0,00 mei-14 100 0,56 0,56
Y ——ean 13 jun1a 11 184 307 000 jun1a 97 028 028
I 19| jul-14 6 0,30 307 000 juk14 100 056 0,56
20 aug-14 6 0,30 307 000 augld 96 056 0,56
2,00 21 sep-14 8 0,92 307 000 sep-14 100 056 0,56
RN » » RN I I I R R R 2) okt-14 6 0,30 307 000 okt14 92 167 167
STE &N K& E NS S 23 nov-14 7 0,61 307 000 nov-14 100 056 0556
Duration (Vonths) 2| dec-14 4 0,32 307 000 dec1la 85 3,63 363
| Level 2 [Level3  [Level4 25) jan-15 12 2,15 3,07 0,00 jan-15 100 0,56 0,56 0,56}
065 26 feb-15 3 0,63 307 000 febls 100 056 0,56
| Level 2 |level3 |level4 27| mrt-15 0 1,55 3,07 0,00 mrt-15 100 0,56 0,56
B 28] apr1s 1 1,24 307 000 apris 99 028 0,28
29 mei-15 2 0,93 307 000 meid5 100 056 0,56
30) jun-15 3 0,63 307 000 junds 100 056 0,56
31 jul-15 9 122 307 000 jukls 95 084 084
3) aug-15 3 0,63 307 000 augls 100 0,56 0,56
33 sep-15 2 0,93 307 000 sep15 100 056 0,56
39 okt-15 4 0,32 307 000 okt-15 100 0,56 0,56
35 nov-15 0 1,55 307 000 novis 9% 056 056
36 dec-15 5 0,01 307 000 dec1s 100 056 0,56
37 jan-16 2 0,93 307 000 janl6 98 000 0,00
L feb-16 4 0,32 307 000 febl6 97 028 028
39| mrt-16 4 0,32 307 000 mrtl6 98 0,00 0,00
49) apr-16 4 0,32 307 000 apr16 99 028 0,28
a1 mei-16 3 0,63 307 000 mei16 98 0,00 0,00
e jun-16 3 0,63 307 000 jun16 97 028 028
43 jul-16 4 0,32 307 0,00 jul-16 100 056 0,56
Project 2 PR1. 7 Information Management _level 4 On time analysis on quality of documents Quality check of cleared documents
KPI1 capa o lim)  Slope kP12 [capability u o A(gem - lim) Slope % |zscorepin Zscore Z-score KPI2
Level 2 Level 2 um > 70% (cul/s___ zlimitkPi1 Mean |Correlation |LIM>80% % (xul/o_omgekeerd Zlimit kPI2
Level 3 Level 3 jan-15 0,00 0,339) jan-15
leveld 68437298 005 0,422 leveld " 70717 1033 -0,90 0,277 feb-15 0,00 feb-15
mrt15 0,00 mrt-15
. Z-value: KPI 1&2 apr-15 000 apr-15
g mei15 0,00 mei-15
jun-15 0,00 jun-15
100 jul-15. 0,00 jul-15.
aug1s 0,00 aug1s
050 sep-15 0,00 sep-15
< evel 2 okt-15 0,00 okt-15
£ oo Level 3 nov-15 0,00 nov-15
2 Levela dec-15 0,00 dec15
% oso coreros | L jani6 35 112 0,05 0,00 jan16 67 036
£ 2 feb16 23 1,53 0,05 0,00 feb16 71 003
@ Zscore kP2 | 3 mt16 48 0,69 0,05 0,00 61 094
100 —ZimitkPI2 4 apr16 90 072 0,05 0,00 53 47
e 5 mei16 100 1,06 0,05 0,00 83 119
150 of junis 98 0,99 0,05 0,00 79 080
—limit kP11 7 jukis 85 056 0,05 0,00 81 1,00
2
[an-15 feb1s mrt-15 3prls meids jun-l5 judS suglS seplS oktlS novls decds jans feb-16 mrtls
Duration in Quarties
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TEC.10 Maintenance process

Project 1 TEC 10 Maintenance process level 4 Planned maintenance finished Maintenance with identified cause
kP11 Capability u___o__lim) __slope kP12 |capability u o A (gem - lim) Slope Percen{Zz-score KPI1 Z-score | Z-score KPI2
Tevel 2 Vel 2 UM >90% (cu)/o ZIimitKPI 1 Mean | Correlation |LIM>75%  %with _(x-u)/o_omgekeerd _Zlimit KPI 2
Level 3 Level 3 1 ~0,076(2014-1 10 3.2 324 4,17)
leveld 9134 552 024"  -010| levela 38,44 877 417 00695 2 20142 1 279 2,79 4,17
3[20143 95 0,66 024 0,00 20143 25 153 153 4,17,
A Z-value: KPI 1&2 4|20144 % 024 000 20144 35 039 039 4,17
5{2014-5 98 024 0,00 20145 40 018 -0,18 4,17
6[2014-6 % 024 0,00 20146 40 018 -0,18 4,17
1 7{20147 97 024 0,00 20147 40 o018 0,18 4,17
8[20148 95 024 0,00 20148 48 1,09 -1,09 4,17
N of20149 92 024 0,00 20149 45 075 0,75 4,17
tevel2 10[2014-10 91 024 0,00 2014-10 32 074 074 -4,17]
H Level 3 11[2014-11 o1 024 0,00 2014-11 40 018 -0,18 4,17
- Levela 12[2014-12 9 024 0,00 2014-12 2 oa -0,41 4,17
b pcorexpn | B3[20151 94,5 024 0,00 2015-1 40 018 -0,18 4,17
5, rscore 14|2015-2 94 024 0,00 20152 3 05 0,52 4,17,
H 2score kP12 | 152015-3 93 024 0,00 20153 47 098 -0,98 4,17
——zimitkpi2 | 16[2015-4 925 024 0,00 20154 2 oa -0,41 4,17
3 " 17[2015-5 9 024 0,00 20155 43 052 -0,52 4,17
en 18[2015-6 95,5 024 0,00 20156 43 052 0,52 4,17
Y ==zdimitkPI 1 | 19]2015-7 9 024 0,00 20157 45 075 -0,75 4,17
20|2015-8 %0 024 0,00 20158 35 039 039 4,17
2120159 %0 024 0,00 20159 38 005 005 4,17
- 22|2015-10 2 024 0,00 2015-10 43 052 -0,52 4,17
Duration (months) 23{2015-11 8 024 0,00 2015-11 a1 029 -0,29 4,17
24{2015-12 78 024 0,00 2015-12 42 o041 -0,41 4,17,
[ | Jtevel2 Jlevel3 |level4] 252016-1 76 024 0,00 2016-1 4 041 0,41 -4,17|
| | 40} 26[2016-2 83 024 0,00 20162 41 029 0,29 4,17
| [ |tevel2 [Level3[Leveld] 27{2016-3 90 0,24 0,00 2016-3 42 041 041 4,17
Project 2 Tec.10 Maintenance process level 4 ed planned maintenance Complains
Tgem-
kP11 Capability u ¢ lim)  Slope K12 |capability u I3 A(gem - lim) Slope Percent Z-score KPI1 Z-score KPI 2
Level 2 Level 2 UM >75% (euy/o Zlimit KPI 1_Mean |Correlation [LiM <25 [l (cu)/o_mean_ Z-limit KPI 2
level3 809371321 0,457 -0,5863001 Level 3 2340”7 338 0,4770,32522182] 1[2015-1 100,00 124 0,45 0,00 ~0,410[2015-1 22 04l 041 000 0,47]
leveld  67,8071637  -0,44"-0,0971643 Level 4 3842”7 684 1,967 -0,0971643| 2|2015-2 92,86 090 045 0,00 2015-2 30 1,95 195 000 0,47]
3|20153 71,43 0,72 045 0,00 20153 23 012 012 000 047
Z-value: KPI 1&2 4f2015.4 65,38 118 0,00 20154 21 071 071 000 0,47|
5[2015-5 75,00 045 0,00 20155 21071 071 000 047
200 3 X J ) 710, X
o016 88,89 129 0,00[ 20156 20 023 023 000 1,96|
7|2015-7 46,43 1,31 0,00 2015-7 29 138 138 000 1,96)
8|2015-8 67,74 000 0,00 20158 31 108 108 000 1,96
9|2015-9 7037 016 0,00 2015-9 43 067 067 000 1,96)
s Level2 #[2015-10 83,33 095 0,00) 2015-10 32 094 09 000 1,9}
] Level 3 #|2015-11 88,24 125 0,00 2015-11 30 123 123 000 1,96)
H Leveld #[2015-12 64,00 0,23 0,00 2015-12 46 111 111 000 1,96
T #|20161 76,00 050 0,00 2016-1 36 035 035 000 1,9)
H 20162 74,07 038 0,00 20162 35 050 050 000 1,96
LE ——zimitkpi2 | #|2016-3 30,43 2,28 0,00 2016-3 47 126 126 0,00 1,9)
mean #|2016-4 67,86 000 0,00 2016-4 49 155 155 000 1,96
#|2016-5 56,25 0,71 0,00 2016-5 43067 067 000 1,96)
Zscore kPl
—imit kPI 1
Duration (months)
Project 3 TEC 10 Maintenance process level 3 unplannend unavailability
T(gem -
KPI1 Capability u o lim) Slope number Z-score KPI1
level2 16617 0,93 1,197 -0,254| LIM < 15,5 (x-u)/a Z-limit KPI 1 Mean
level3 "1567"7 1,70 -0,10" 0,883 1 nov-15 15,3 1,402 -1,40 -1,19 0,00
Level 4 2| dec-15 154 1,295 -1,30 -1,19 0,00
3] jan-16 153 1,402 -1,40 -1,19 0,00
, Z-value: KPI 1 4 feb-16 17,3 -0,739 0,74 1,19 0,00
5 mrt-16 17,4 -0,846 0,85 41,19 0,00,
s 6 apr-16 17,4 -0,846 0,85 1,19 0,00
g - 7 mei-16 16,5 0,118 0,12 1,19 0,00
N 8| jun-16 16,5 0,118 -0,12 -1,19 0,00
El jul-16 17 -0,417 0,42 0,00
< Level2 10| aug-16 18 -1,488 1,49 0,00
g 05
k- revel3 11 sep-16 18 -1,373 1,37 0,10 0,00
H . evel 12 okt-16 14 0,981 0,98 0,10 0,00
b z r K
3 Level4 13| nov-16 15 0,392 0,39 0,10 0,00
e 14| dec-16 -0,10 0,00
205
@ ~Z-score KPI1
-1 ——Mean
15 e Z-limit KP1 1
2
nov-15 dec15 jan-16 feb-16 mrt-16 apr-16 mei-16 jun-16 jul-16 aug-16 sep-16 okt-16 nov-16 dec-16
Duration in Months
Project 5 TEC 10 Maintenance process level 3 Changes maintenance strategy
K(gem -
KPI1 Capability u o lim) Slope number Z-score KPI1
Level 2 LIM<5 (x-u)/o Z-limit KPI 1 Mean
Level 3 0,20 0,40 12,00" 0,054 1[20155
Level 4 2|2015-6
3|2015-7
y Z-value: KPI 1 a2015-8
5|2015-9
12 6]2015-10 0 0,5 -0,50 12,00 0,00
7|2015-11 1 -2 2,00 12,00 0,00
10 8|2015-12 1 -2 2,00 12,00 0,00
9|2016-1 0 05 -0,50 12,00 0,00
s 8 Level 2 10|2016-2 0 05 0,50 12,00 0,00
k3 11)2016-3 0 05 -0,50 12,00 0,00
26 Level 3
2 12|2016-4 0 05 -0,50 12,00 0,00
B X r
IR Level4 13]2016-5 0 0,5 0,50 12,00 0,00
H 142016-6 0 0,5 -0,50 12,00 0,00
& 2 -Z-score KPI1 | 15]2016-7 0 0,5 -0,50 12,00 0,00
16|2016-8 0 05 0,50 12,00 0,00
0 . ——Mean 17|2016-9 0 05 0,50 12,00 0,00
B 18]2016-10 1 -2 2,00 12,00 0,00
2 Ttk 19]2016-11 0 05 0,50 12,00 0,00
2015-5 2015:6 20157 2015-8 2015-9 2015-10 2015-11 201512 2016-1 2016-2 2016-3 20164 2016-5 2016-6 20|2016-12 0 05 0,50 12,00 0,00
-4
Duration in Months
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Appendix H: Validation

Responses
Function:

1. Director exploitation
Quality coordinator
Quality manager
Client: Project manager
Process manager
Director exploitation
Client: Process manager
Process manager

© 0N U WN

Process manager
10. Technical manager
11. Quality coordinator

Questions:
Part A: Fit-for-purpose
1. For a contractor the main goal to implement ISO15288 and ISO15504 is to
reduce failure costs.

4

3 (27.3%) 3 (27.3%) 3 (27.3%)
3

2 (18.2%)
2

1
0 (0%)
0 |

1 2 3 4 5

2. Contractors include [SO15288 and 1SO15504 to achieve their own goals (not to
score EMVI points, Cherry picking)

4 (36.4%)

2 (18.2%)

2 (18.2%)

0 (?%)
1 2 3 4 5

3. With small adjustments the ISO15288 framework fits civil infrastructure
projects.

6

1 (1|o%)

1 2
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4. Infrastructure project specific processes should be included into the 1SO015288
framework and ISO15504 assessment to successfully manage the project.

4
3 (27.3%) 3 (27|.3%) 3(27.3%)

1(9.1%) 1(9.1%)

1 2 3 4 5
5. Contractors only use the tailoring process to eliminate ISO15288 processes

(parts of goals, activities, outcomes)
4

3 (30%)

3 (30%)

2 (20%)

1(10%) 1(10%)

0
1 2 3 4 5

6. The knowledge and application of the ISO15288 framework is improving over
the projects.

8
6 74(63'6%)
4 3(27.3%)
2 1(9.1%)
0 (0%) 0 (0%)
0 | |
1 2 3 4 5

7. The ISO15504 assessment overlaps with other internal and external audits (for

example IS09001, SCB, EDP)

6
5 (45.5%)

3(27.3%)

1(9.1%) 1(9.1%) 1(9.1%)
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Part B: Capability levels

8. In an experienced project organisation, working according to the Project

Management System is equal to achieving capability level 3.
6

5 (45.5%)

4 (36.4%)

1(9.1%) 1(9.1%)
0 (I‘J%)

1 2 3 4 5
9. Itis useful to include the ISO15288 agreement, organizational-enabling and
technical management processes (AGR, ENT, PR]) in the tender phase of major

civil infra projects
4 (36.4%)

4
3(27.3%)

2(18.2%)

1(9.1%)

1(9.1%)

0

1 2 3 4 5
10. Including AGR, ENT and PR] processes in the tender phase shortens the duration

to achieve capability level 3 after contract date.
4 (36.4%)

3 (27.3%)

2(18.2%) 2(18.2%)

0 (?%]

0
1 2 3 4 5

11. During the maintenance phase the design and implementation of maintenance
work is included in the maintenance process, resulting in an inactive status of
the other technical processes. The other technical processes only become active
at a change procedure.

6
5 (45.5%)

1(9.1%)

1(9.1%) 1(9.1%)
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Part C: Analysis

12. Process related KPI's represent the actual performance of a process. (no output
KPI’s)

6 (54.5%)

2(18.2%) 2(18.2%)
1(8.1%)

1 2 3 4 5

13. The limits on KPI's have direct effect on achieving project goals.
4(36.4%)

2 (18.2%)

1(9.1%) 1(9.1%)

0
1 2 3 4 5

14. The degree of variation and the achievement of business goals indicate the

performance of a process.

4 (36.4%)
4
3(27.3%)

2 (18.2%) 2 (18.2%)

0
1 2 3 4 5

15. Achieving Capability level 4 does not translate to achieving business goals more

than at lower capability levels
6 (54.5%)
6

1(9.1%) 1(9.1%)
0(0%)
0 |

1 2 3 4 5

16. Increasing a capability level does not guarantee an increase in process

performance. (only in 50% of the processes)

6
5 (45.5%)

2 (18|,2%) 2(18.2%)
1 (9]1%) 1(9.1%)

MSc Thesis Coen Spelt 92



17. A process with on a high capability level is better in adjusting to external
influences. (risks, changes)

6
5 (45.5%)

4
3 (27.3%)
2(18.2%)
2 -
1(9.1%)
0 (0%)
0
1 2 3 4 5

18. The human factor to achieve performance has more influence than all
procedures and standards
6

5 (45.5%)

3 (27.3%) 3 (27.3%)

0 ([‘)%) 0 (?%]

1 2 3 4 5

19. Correct implementation of the IS015288 framework and IS015504-6

assessment contributes to the performance of the contractor.
6 (54.5%)

6

5 (45.5%)

0(0%) 0 ((IJ%) 0 (l?%)

|
0
1 2 3 4 5
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